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[bookmark: _GoBack]Project: Benthic Event Detection System (BEDS) – Project 901006
Revision – 2.0
Date: 12/01/21
This document describes pre-deployment, deployment data handling, and post-recovery procedures for BEDS from a software and data point of view. This is the primary user manual for BEDS. Other documents of interest (found in git/docs):
· BEDSSoftwareUserManual.docx: [This document] This document describes how to use the BEDS system. It is the most useful piece of documentation if you are running the system. It covers the pre-deployment check list (including IMU cal and modem configuration).
· BEDSSoftwareBuildInstructions.docx: Slightly more information about the build process and decoder programs, this file is only minimally more than top level readme.
· BEDSFileFormats.docx: This describes each time of record and file, it is useful if modifying the python decoder.
· BEDSOperatingVariables.docx: A description of all variables that can be modified on the system, including the default, min, and max values. 
· BEDSUserCommands.docx: A description of the commands that can be used on the system.
Pre-Deployment
[bookmark: _Hlk54252319]During most of this pre-deployment procedure, you must be connected via a serial cable to the primary serial port on BEDS.  Remove the connector to the acoustic modem and replace it with a serial cable to your PC’s serial port.
· [bookmark: _Hlk54252383]Make sure the latest firmware is loaded into BEDS.  The source code for the BEDS firmware is in a git repository: https://bitbucket.org/mbari/beds.git. 
· [bookmark: _Hlk54252411]Connect via serial, the default acoustic modem serial is 9600, 8, N, 1; the default debug modem serial is 115200, 8, N, 1.
· At the command line:
· Set the privilege level: priv 100
· Delete existing files: del *.evt *.wat *.idx *.00? *.z*
· Set the time: pdate yyyy/mm/dd hh:mm:sss
· Create a BEDS.CFG file and download it to the BEDS file system.  The config file can set any operating variable in the system via lines of the form variable = value.  See the document named BEDSOperatingVariables.docx for the list of variables you can modify.  Typical variables to set in the config file are: PlatformID, DeploymentID, ModemAddr, ModemPeriod, ModemWarmup, ModemOnTime, etc.  Also, you can use the START command to tell the system to go to sleep until a particular time. You can download BEDS.CFG to the BEDS unit via YModem.  Here are the contents of a typical BEDS.CFG file:
[bookmark: _Hlk54255458]# BEDS.CFG File
DeploymentID = 2
PlatformID = 2
ModemAddr = 2
ModemPeriod = 600
#SysRecSecs = 5
SysRecSecs = 600

· Calibrate the IMU (See Appendix: IMU Calibration for more information):
· After system is powered on, let it sit for 2 minutes.
Show each axis (positive and negative) to gravity for 10s
· Verify that both the acceleration and gyro accuracy flags are 3 via the command line command IMUCal
· If they aren’t, try again or use tools/realtime_viz/realtime_viz.py to create a visualization of the output and see how the cube reacts.
· Set up the acoustic modem deck box.   Connect its serial port to your PC’s serial port
· Wait to hear the 2nd set of chirps from the BEDS modem, then quickly connect acoustically by typing ATDn, where n is the number of the BEDS modem.
· Make sure the BEDS modem’s S-Registers are set up correctly. You can do this through the BEDS modem hooked to the computer.   Compare the S-Register values with those documented in  the Modem Configuration section.
· Issue the ANALOG command and inspect the results to ensure that the analog measurements are reasonable.
· Take it out of deployment mode via
· Deploy -N
· Var DeployModemPeriod= 600
· Var ModemDebug = False
· Set to watch mode from serial (Quit)
· Rock it around a few times to generate some events
· Reconnect via acoustic modem.  Issue the EVENT command and check to see that you got some reasonable events from the motion.
At this point, how you configure it depends on how long it will be before deployment.  I assume that it will get buttoned up.  If so, you’ll want to put it back into deployment mode so it doesn’t register lots of events, and so you can talk to it quickly afterward.  The best way to accomplish all this is:
· Deploy 
· If it will longer than 24 hours until you get the can back for deployment, you may want to reconnect to set DeployModeSecs = <something large enough for deployment>.  Then you may also want to tweak DeployModemPeriod = <something large enough so you don’t wear out the batteries>
When you get the BEDS unit back from being buttoned up, you’ll again want to talk to it.
· Do the Analog  and Time  commands again to ensure they’re OK.
· Check Events.  Since it has been in deploy mode, you should have none.  On the other hand, the Watch command should show one or more long watch cycles.
· You may stop and restart deploy mode (Deploy -N followed by Deploy).  This will restart the 24-hour deployment timer.
[bookmark: _Ref89255269]Modem Configuration
BEDS Modem
The Benthos Acoustic modem is configured via its S-Registers.  This modem is Hayes compatible.  This means that in order to get into command mode, you need to type “+++” with at least a one-second pause before and after this string.  At that point, you can talk directly to the modem, which will prompt with “>”.  You can set the S Registers with, for example, ATS18=1.  You can get the state of all S Registers with ATS?
This is a list of all the S Registers, with the state as we need it for the BEDS deployed side.  When you get done setting the registers, save them with AT&W
	Register
	Name
	Value
	Comments

	S0
	Firmware Version
	
	Not settable by user

	S1
	Doppler Tracking
	0
	Bottom side is stationary.  Not needed if top is also.

	S2
	Packet Retry
	0
	

	S3
	Serial Baud Rate
	2
	9600 baud RS-232 no echo

	S4
	Acoustic Bit Rate
	5
	800 baud for first deployment.  We may adjust later

	S6
	Transmit Power Level
	8
	Max for deployment.  Lower for lab testing.

	S7
	Response Timeout
	15
	7.5 seconds.  Good for slant range up to 3000m

	S8
	Forwarding Delay
	10
	0.5 seconds

	S10
	Idle Time
	36
	180 seconds idle to go to sleep

	S11
	RS-232 Flow Control
	0
	No handshaking (may need RTS/CTS?)

	S12
	Test Message Length
	
	Don’t care

	S13
	Verbose Level
	1
	Data and minimal diagnostics

	S14
	Remote Addr
	0
	Gets set when topside connects

	S15
	Operating Mode
	1
	Go online when powered

	S16
	Error Display
	0
	Display all packets, even if error

	S17
	Transmit Wakeup
	0
	Don’t need to send wakeup to top side

	S18
	Modem Address
	1
	Set unique address, starting at 1.  0 is for top side



Topside Modem
This section gives recommendations on the S-Register settings for the deck box (top-side modem) when communicating with BEDS.  There are conflicts between the best settings for normal user interaction, and the best settings for file transfer via ZModem.
S-Registers
The two S-Registers that may need to be configured are:  S3 (baud rate), and S8 (forwarding delay).
Use your terminal to echo characters locally. Do not modify the modem registers to do this.

Forwarding Delay
This is the time, in 1/20ths of a second, that the modem waits for input before sending the data.  It doesn’t matter if you hit carriage return or whatever, it always waits this time before it sends.  The default is 60, which translates to 3 seconds, a good balance between responsive user interaction and confusion.
However, it’s way too long for the ZModem protocol.  It will add those 3 seconds to every packet ACK.  ZModem works more efficiently with a forwarding delay of about 0.5 second.
Usage Recommendations
1. If you’re doing lots of user interaction, set local S3 to 130, leave local S8 at 60.  Before transferring large files, set local S3 to 2.  You can depend on the software to set S8.
2. If you’re primarily transferring large files, set local S3 to 2.  Allow the software to set S8 for you.
3. If you’re transferring lots of small files, just set S3 to 2 and S8 for 20 (or so).  Set zmSetRemote to FALSE.
[bookmark: _Ref87436615]Data Collection
Data Collection While Deployed
Using a modem connection via serial, look at the files (ls or dir). For large files, you may zip the file. This is especially good for text files like the syslog:
> zip *.WAT 

Compressing 20300003.WAT to 20300003.ZAT
.................................................................................
 chunks 576, chunksiz: 256, input len: 147456
compressed to 109124 raw bytes, scratch used 7680

Next, use zmodem to send the resultant files:
> zs *.zat

On TeraTerm, use File->Transfer->ZMODEM->Receive file.
See Appendix: More Data Collection From Deployment for more information on what else you can do at the command line to see events, decimate data, and merge files.
Post-Deployment Recovery
When you’ve opened the can, again connect to it via acoustic modem, and issue the following commands:
· Priv 100
· Reset 
Next, remove the battery leads and wait for the power capacitors to bleed off.
Then, remove the SD card.  Take it to your PC and copy all files and treat it like a full Data Collection
Data Collection While Deployed. 
 Replace the card in BEDS.

Data Handling
One you have the file, use the debcodeBEDS Python3 program to decode the file (git/beds/tools/decode):
> python decodeBEDS.py 0003.zat -o output0003.csv

[bookmark: _Ref87434823]Appendix: IMU Calibration
Calibrating the sensors is a bit of black magic. They will eventually calibrate themselves though it is nice to do it before deployment starts. The motion of deployment will calibrate them. 
Gyro Calibration
The DMP calibrates the gyro biases as it goes from a "motion" to a "no motion" state. It does mention a threshold that defines one from the other but doesn't suggest that you need to alter that. So I guess the key thing here is to move/rotate the ICM, then stop moving, and repeat... They say that once calibrated, the gyro noise should be less than 0.5dps.
Accelerometer Calibration
The DMP needs to build a bias model for the accel. Invensense recommends:
· Device needs to be oriented in 3 different orientations
· Several samples of data needs to be measured on each stable orientation
· Average of the data is used to calculate the linear acceleration for each accelerometer’s axis
· The readings on each axis is measured against the previous biases to determine if data is valid
· Once all 3 axis biases is determined, new biases are applied to raw accel data
The accelerometer will constantly be monitored for changes to the biases and calibration will be modified accordingly
[bookmark: _Ref87436978][bookmark: _Ref89237834]Appendix: More Data Collection From Deployment
The BEDS software facilitates sending event data in small chunks to minimize problems due to communications errors.  You can use the EVENT command with the /D and /S options to do this in a semi-automatic fashion.  If you encounter errors, you can resend the partial files using ZS and then erase the intermediate files.   Alternatively, you can manage the process manually via SPLIT or DECIMATE (which are synonyms), followed by ZS and finally erasing the intermediate files.
Note that for ease of use, the /D and /S flags (decimate and split) have identical syntax in the EVENT, DECIMATE, and SPLIT commands.  Note also that DECIMATE and SPLIT are synonyms, as are EVENT and EVENTS.
Decimation and Splitting
 /Dn decimates the data.  For example, if the event file was recorded at 50 Hz, /D5 will decimate by 5, resulting in 10 Hz data. In the absence of a /S option, it will result in just one file, named xxxxxxxx.E00 (name changed to distinguish it from the original, full resolution .EVT file).  The maximum decimation is a factor of 100.
/Sn splits the original event file into n smaller files for easier transmission.  E.g., /S10 splits the xxxxxxxx.EVT file into 10 parts, named xxxxxxxx.E00 through xxxxxxxx.E09.   Due to file naming limitations, the maximum split is 100 files (.E00 through .E99).
Command Syntax
EVENT [/T] [/N<n>]
EVENT [/D<dec>] [/S<sp>] [/K] <n>
EVENTS is a synonym for EVENT.
The first two forms simply display the current events in the system, ordering the events by magnitude, by default.  This form of the command is not the subject of this application note, but is included for completeness.
/T displays them in reverse time order rather than magnitude order.
/N<n> causes it to display n lines at a time, a la more.  Default is 10 lines.
The last form is used to transmit Event n via the ZModem or Kermit (/K)protocol. 
/K Send via Kermit protocol.  Please put your terminal emulator into Kermit receive mode first.
/D<dec> Decimate the data.  For example, if the event is recorded at 50 Hz, /D5 will decimate it to 10 Hz
/S<sp> Split the data into sp files before sending.  Files will be named <name>.E00 through <name>.Enn.  The temporary files, named .E00 through .Enn, will be deleted, one at a time after each is successfully transferred.  If there is an error in transfer, the files will remain on the system, allowing later transfer.
The default file transfer mode is ZModem, which will transfer the files without human intervention (on Hyperterm, at least).  I.e., you don’t need to put Hyperterm into ZModem receive mode. 
If you specify /K for Kermit file transfer, you will be prompted to put your terminal emulator into Kermit receive mode before each file is transferred.

DECIMATE [/D<dec>] [/S<sp>] filename
SPLIT [/D<dec>] [/S<sp>] filename
As noted, these commands are synonyms.  You need to specify the name of the file (as opposed to the EVENT command, which just takes an event number).  The commands result in files named xxxxxxxx.E00 through xxxxxxxx.Enn, as noted above.  It’s your responsibility to do something with them.

ZS [/L<n>] [/V<n>] [/W<n>] filename
Send filename(s) via ZModem protocol.  Wildcards are acceptable. You can specify the ZModem parameters of Frame length (/L), Window size (/W), and verbosity level (/V).  The latter is not terribly useful in a remote environment.  You can use ZS /? to see the command-line options (as with all commands).

KS [/B] [/T] [/D] [/E<n>] filename
Send filename(s) via Kermit protocol.  Wildcards are acceptable. 
/B Binary mode.  This is the default, so it seems superfluous.
/T Text mode.  Does CR-LF translation of files
/D Debug mode.  This produces a KERMIT.LOG file on the BEDS file system.  It’s pretty verbose, not decipherable without specific knowledge, and would have to be transmitted to shore.  So it’s not advised.
/E<n> Set simulated error rate, 0<=n<=100.  Not useful without recompiling the code in Debug mode.


File Naming Convention
Event files are named pddnnnnn.EVT, where
p is the platform ID, using 0-9, A-Z for platformIDs 0-35.  Greater than 35 is an error, and the character ‘_’ is used.
dd is the deploymentID, 00-FF for deploymentID 0-255.
nnnnn is the sequential event or watch file number.
.EVT is the suffix for an event file.
.WAT is the suffix for a watch file.
For the remainder of this note, a file named 20200001.EVT is used as an example.  Note that this is platformID 2, deploymentID 2, event file number 1.
The example also uses a decimation factor of 5 (/D5) and split of 10 (/S10).
Sending Events via SPLIT and ZS or KS (manual mode)
The procedure is:
SPLIT /D5 /S10 20200001.EVT
ZS 20200001.E0?  or   KS 20200001.E0?
PRIV 100
DEL 20200001.E0?
Recombining the .Enn Files into a .EVT file
Once your data is on shore, you can reconstruct the .EVT file by concatenating the .Enn files.  In Linux:
cat 20200001.E0? >20200001.EVT
Note that you must ensure that the files are concatenated in numerical order (00 through the end). 
The resulting .EVT file will have all the inertial, system, and second marker data in correct order (assuming you concatenated in order).  IOW, it will contain ALL your data.
The one difference is the Header records.  The original .EVT file on BEDS contained exactly one Header record, at the beginning of the file, indicating the total duration of the event.  The recombined .EVT file will have 10 Header records (in this example), one from each .Enn file; and each header indicates the duration of that segment (the piece from the individual .Enn file).  This is done to ensure that each .Enn file is useful as a standalone event file.  The total duration of the original event can be surmised only by adding the durations of each segment.  However, the sum of the durations is correct.
It would be simple (but not yet done) to write a DOS or Linux utility to combine those header records back into the original header.
Notes on .Enn files (segments)
In order to retain the relationship of Second Marker records with the Inertial Data records, it was required to ensure that each segment starts on an integral second boundary.  This has four consequences:
1. Each segment except the first and last is an integral number of seconds in length. 
2. Because of 1, the minimum length of intervening segments is 1 second.
3. Because of 2, the maximum split (/S) is the duration of the event in seconds.  You can specify larger splits, but you’ll only get <duration> number of segment files (.Enn)
4. Not all segment files are of equal length.  For example, if the event is 15 seconds long and you request /S10, the resulting 10 files will alternate in length between 1 and 2 seconds.
Sending example Events via the EVENT command 
To send the example event 1 with the example parameters, the command is:
EVENT /D5 /S10 1
As noted, this will decimate and split the event into 10 files, transmit them, and removed the intermediate files as they’re successfully transmitted.  If it’s successful, you’re done.
If you abort the transfer, or an error is encountered causing an abort, only the successfully transmitted files are deleted.  For example, if the abort or error occurs in the 4th file (20200001.E03), then:
· The topside system will have files .E00 and .E03 on it, but .E03 will be either zero-length or truncated
· The BEDS system will retain files .E03 (because it was unsuccessful) through .E09
· SYSLOG.TXT will indicate the successful and unsuccessful transfers
Once you reestablish successful communications at a later time, you can send the remaining files via
ZS 20200001.E0?  or  KS 20200001.E0?
Since .E00 through .E02 are not present, it will just send the remaining files that you need.  .E03 will use ZModem resume if appropriate.  If you’re using Kermit instead, then .E03 will be fully retransmitted.
After successful transmission, you may wish to erase those files:
PRIV 100  (required because DEL is a privileged command)
DEL 20200001.E0?
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