1A u t o n o m o u s A D C P U s e r ’ s M a n u a l For theJGOFS Arabian Sea Projectb y Charles N. FlaggOceanographic and Atmospheric Sciences DivisionDepartment of Applied ScienceB r o o k h a v e n N a t i o n a l L a b o r a t o r y Upton, NY 11973( 5 1 6 ) 2 8 2 - 3 1 2 8 E-Mail: flagg@bnlcl6.bnl.gov

1CNF, February 7, 1995Overview:Vessel mounted Acoustic Doppler Current Profiler (ADCP) data is to becollected on the R/V T.G. THOMPSON throughout the Arabian Sea JGOFSproject. To insure that the best possible data is obtained, while minimizinginterference with other program components, we will use a modification toRD Instrument’s data acquisition system, DAS 2.48, which enablesautonomous operation developed previously in a collaboration betweenBrookhaven National Laboratory, the University of Rhode Island and RDInstruments. The program expands upon the standard DAS’s capabilitiesmaking it possible to automatically start and stop the collection of the dataand to change the configuration of the DAS depending upon the ship’slocation. The AutoADCP system is also designed to make back-up copies ofthe pingdata files and provides a means of restarting the system if for anyreason the DAS locked-up.The major component of the system is a "user exit" program calledFLAG.EXE. This program, which is called up at the end of each ADCPensemble, monitors the ship’s position and compares it with pre-definedregions. When the ship leaves one region for another, the DAS’sconfiguration file is updated, the computer reboots and starts pinging usingthe new configuration. Provision has also been made for a watchdog timerand automatic backup of pingdata files each time a file is filled. The utility ofthe AutoADCP DAS is that ensemble interval, number of bins, bin and pulsesize, bottom tracking, and other configuration parameters can be controlledwithout an operator on board monitoring the DAS’s performance. Thismakes for a more consistent and robust dataset.In addition, the system includes the WOCE standard enhancements tothe DAS with another "user-exit" program developed by the University ofHawaii, UE4.EXE, developed by Eric Firing’s group at the University ofHawaii. This program was designed to improve on some features of RDInstruments’ DAS software. The most important element is that UE4 recordsthe position of the ship at the ends of the ensembles rather than as theaverage position during the ensemble. This allows for a more precise meansof computing the ship’s velocity during an ensemble. This program has beenexpanded recently so that it now interfaces with an Ashtech’s attitude sensorwhich uses phase differential GPS to determine the ship’s heading. TheAshtech heading data is not only more accurate than the ship’s gyro compass,it is immune to the latitudinal, speed and turning errors that degrade gyros.However, because the Ashtech heading data can have gaps, the primaryheading information for the ADCP remains the gyro compass. The recordedAshtech heading data is used on a post-cruise basis to adjust the compassheading as needed.

2CNF, February 7, 1995A third user-exit program, AGCAVE.EX, modifies the way the DAScollects acoustic backscattered intensity data. Without the addition of thisprogram, the DAS records the intensity (which used to be called amplitude)data as a single profile composed of the average of all four beams. Thisdegrades the intensity data because without calibration, the beams produceslightly different profiles. To address this problem and to allow post-cruisecalibration of the intensity data, AGCAVE was developed. The programforms ensemble averaged profiles for each beam and stores the resultsseparately. We have used the program successfully for eight years andwithout experiencing any interference with the normal workings of theADCP.These are the main programs incorporated into the AutonomousADCP DAS so that the system requires only an occasional check to insure thatthe hardware is still functioning. At the end of each cruise the pingdata filesare to be copied to a SyQuest removeable hard disk and sent to BrookhavenNational Laboratory for processing. The data will be made available to theprogram’s PIs through the JGOFS data system with the usual provisions onits use.If problems with the system arise, a reboot (Ctrl Alt Del) should restartthe system. In fact, this is exactly what the "watch-dog" timer that isincorporated in the system does. The watch-dog will reboot the system if ithas not been reset by the user-exit program FLAG.EXE within a specified timelimit, usually set to 7.5 minutes for 5-minute ensembles. The only draw-backto this watch-dog is that it operates in software and can be disabled if theoperating system itself crashes. Thus, some monitoring of the system isneeded to make sure that neither the ADCP, the computer, nor ancillaryequipment such as the GPS receivers has ceased to function. During theShakedown and Calibration cruise the AutoADCP system stopped only onceand we think this was caused by a momentary interruption in networkservice to the virtual disk. A reboot started the system again. If the networkgoes down for an extended period some reason, the system can be set up torecord the data on its own disk with enough room for at least one cruise.A last item that the chief scientist for each cruise should keep in mindis that to maintain and monitor the calibration of the ADCP, it is necessary toget an extended run in water depths shallower than 200 to 400 meters. TheAutoADCP DAS is set up to turn on bottom-tracking for this purpose whenever the ship is over the continental shelf. The only place where the JGOFScruises will routinely be over the shelf is during the run from Ras al Hadd tothe beginning of the "main" JGOFS line. If it is possible, please maintain asteady course and speed while on this run.On the RV T.G. Thompson, the AutoADCP programs have beeninstalled on two PC computers, both of which are connected via a Pathworks

3CNF, February 7, 1995network to virtual disks on a DEC 5000-200 Unix workstation. At themoment, September 1994, we are using one of the Thompson’s PCs to collectthe data, and a PC supplied by Brookhaven (a Dell 310) for real-timepresentation of the results. Since the AutoADCP programs have beeninstalled on both computers, the collection of the data can be switched to theBrookhaven PC if the primary PC suffers a failure.On the Thompson’s Delphi 286, the standard ADCP data is displayed.This consists of 5 minute ensemble averaged profiles of U (zonal) and V(meridional) velocity, AGC (automatic gain control) and percent good pings.In addition to the data gathering performed by the AutoADCP system,another set of programs have been written in MATLAB to present ADCPdata in real-time. These programs run on the second computer, the Dell 386,and make use of the networked virtual disk that is common with theAutoADCP system computer to access the most recent pingdata files. Thereal-time displays include vertical sections of U (zonal) velocity, (top panel),V (meridional) velocity (center panel) and range corrected backscatterintensity (bottom panel). The usual setup we have used displays the last 12hours of ADCP data, updating the display every 15 minutes. On theCalibration and Training Cruise, this display proved extremely useful intracking the currents, vertical shears and vertical migration of the scatteringlayers. The real-time data presentation is accomplished by opening MATLABfrom WINDOWS and running a script file called "realtime".Stopping the Autnomous DAS and Copying Files to the SyQuest DisksUnloading the data at the end of the cruise is a fairly simple task. Thecritical part is to exit the DAS and turn off the watch-dog timer before it grabsthe system and reboots the computer. Using either capital or lower-caseletters, first interrupt the DAS by pushing the space-bar, then type "A"followed by RETURN, and "QQ" , RETURN. This gets you out of the DASand should get you to the "C:\AUTOADCP>" DOS prompt. To turn off thewatch-dog timer (and to disable a CPU slow-down program on the Dell), asimple batch file called STOP.BAT should be run by typing "STOP", RETURN.The AutoADCP system stores pingdata files in two places, on the usualprimary disk identified in the DAS configuration, and on a backup disk andsub-directory identified in the FLAGEXEC.BAT batch file. Both PCs are setupto use the same network disk as the primary storage area. The primarynetwork disk is "F:\" on the Thompson’s PC, and "J:\" on the Dell. Despiteof the different disk names, the network disks on the PCs point to the samedisk area on the workstation’s hard disk. The disks for each system, and theirintended use, are shown in Table 1.

4CNF, February 7, 1995Regardless of which computer was used to collect the ADCP data, youhave to use the Dell to transfer the data to a SyQuest disk to send the data backto Brookhaven for processing. Put a SyQuest disk in the drive and wait forthe green light to come on. Then from the AutoADCP sub-directory, run thebatch file called COPY2SYQ.BAT from the DOS prompt with a command thatlooks like:C:\AUTOADCP>COPY2SYQ <dir-name>.This batch file creates a sub-directory on the SyQuest disk and copies all thepingdata files on the primary network drive to this sub-directory. Thecommand line variable, dir-name, should be the cruise number, i.e. TN039.An alternative to using the batch file is to use a file manager to copy justthose pingdata files that correspond to a specific cruise. This will bemandatory after first three or four cruises because the SyQuest disks will onlyhold about 130 pingdata files and each cruise will generate about 40 to 50 files.There appears to be enough room on the primary network disk tocontain about six months’ worth of pingdata files. Therefore, for the first fewmonths of the program, it would be less confusing if you left the pingdatafiles on the disks. At some point, we will erase all the pingdata files and startanew. The ADCP loads the data into the lowest numbered pingdata file it canfind and if there are gaps in the numbering system, the DAS will fill in thegaps causing no-end of confusion for processing.When the disk copying is complete, remove the SyQuest disk from thedrive by pushing the button on the drive, wait until the light goes off, thenpush the lever to the right to eject the disk. After removing the Syquest disk,reboot the computer by simultaneously typing: Ctrl - Alt - Del. Afterrebooting ,the DAS will start-up, begin pinging and will show the usualdisplay after the second ensemble. (The first ensemble will be okay but willnot have the position and ship speeds displayed. The UE4 program causesextra items to show-up on the display.)The remainder of this manual gives a detailed description of each ofthe hardware and software components of the Autonomous ADCP DAS. It isassumed that the user is already reasonably familiar with the operation of theDAS in its usual interactive mode and that other manuals are available asneeded to deal with the ADCP hardware itself. One final note, it is importantthat all dealings with the ADCP be carried out in Greenwich Mean Time(GMT or UTC). The UE4 user-exit program will automatically allign the PC-clock to the GPS satellite if the PC clock starts out within a day of the actualGMT time.

5CNF, February 7, 1995Autonomous ADCP Hardware and ProgramsThis section presents the programs and configuration files that areneeded to make the Autonomous ADCP system function. It is organized asthough one were installing the system from scratch. If that is not the case,then skip to the part or program that seems to be of immediate concern. Thedocumentation that describes the Autonomous ADCP program FLAG.EXEand its ancillary files is contained in Appendix I.COMPUTERSThe Brookhaven computer that we are using in the Arabian Seaproject is a 386 computer, a Dell Model 310. This has a 80386DX CPU runningat 20 MHz, 4 MBytes of memory, and a VGA video controller. There are twoCOM ports, one serial port, and a video port. The machine is equipped withtwo hard-disk drives, two floppy drives, a 44 MByte SyQuest removable hard-disk drive, and a National Instrument’s GPIB-PCIIA interface card. The twohard-disk drives are Western Digital drives, one each of 340 and 430 MBytes.The brain dead BIOS (Rev A14) in the Dell Model 310, however, cannothandle drives this large, so in the computer’s setup, the disks have beendefined as 321 MByte drives (Type 45). The machine is using the DOS 6.2operating system simplifing memory configuration which is fairly critical forthe Autonomous DAS. Occasionally, something happens to PCs that make itnecessary to change or reset the hardware configuration which is stored inROM (Read-Only-Memory). If for some reason you need to do this, you cando so on the Dell 310, accessing the "setup" utility by pressing Ctrl-Alt-Enter.On the Dell, the initial intent was that the two hard drives wouldsimply be C: and D: and each would have the ability to hold the entire ADCPdata set from the program. A problem arose, however, because the ADCPDAS is an old program that apparently cannot deal with large disk drives. Asa result, the two disk drives have been partitioned into smaller primary andsecondary sectors. The first drive has a 121 MByte primary sector and two 100MByte extended sectors while the second drive also has a 121 MByte primarysector but with a single 200 MByte extended sector. The operating systemassigns letters to the primary sectors before letters are assigned to the extendedsectors. As a result, the two primary sectors are C: and D: while the secondarysectors on the first physical drive are E: and F:, and G: on the second drive.This lettering scheme has taken a simple system and created something of amonster but there are no alternatives at the moment. An attempt will bemade to have RDI remove the limitation to the DAS but that will besometime in the future. The SyQuest removable hard disk drive is H: and wehave assigned a network virtual drive to the letter J:\.If the Dell computer is used as the ADCP data acquisition computer, theC:\-disk will be the normal drive where the system will be operating and the

6CNF, February 7, 1995200 MByte G:-disk will be the backup repository used by FLAG.EXE (which isnot limited by the 100 MByte ceiling). The complete set of programs neededto run the Autonomous has been copied to the second hard disk, the D:\drive, so if the main disk drive (C:, E:, and F:) crashes at some point, thesystem can be resurrected by physically disconnecting the first drive andsubstituting the second drive. If a disk swap was necessary, the virtual drivewould remain as J:\, but the SyQuest drive would change from H:\ to E:\.The Thompson’s Delphi 286 computer is configured to be the primaryAutoADCP computer. The reason for using this machine as the primary datacollection device rather than the Dell is that its hardware is simpler than theDell’s, while the Dell has all the software and disk space to process and displaythe ping data if someone knows how, has the time, and wants to do it. TheDelphi that is connected to the ADCP runs at 20 MHz and uses DOS 5.3. RDInstrument suggests that this speed should cause problems with the GPIBdriver compiled with the DAS 2.48 software. However, experience with themachine on the Thompson indicates that problems with the GPIB do notoccur with this particular machine. (The other Delphi computers on thecounter run at 40 MHz which would certainly cause problems.) The 20 MHzDelphi has a single 80 MByte hard-disk and 5 1/4 inch (A:\) and 3 1/2 inch(B:\) floppy disk drives. The computer is attached via the network to severalvirtual disk drives described in Table 1. The main network drive that will beused for storing pingdata files is F:\ on this machine. (This is the same diskarea as virtual disk J:\ on the Dell.SyQuest Removeable Hard-DisksThe Dell computer is equipped with SyQuest removeable hard-disksfor transporting data and programs to and from the ship. SyQuest driveshave been used for several years in the NOAA volunteer observing shipprogram with reasonable success. In the initial autonomous ADCP setup onthe OLEANDER that runs between New York and Bermuda, the SyQuest ranall the time and was used as the backup disk. In general this worked well butwe experienced a couple of drive failure under those high vibrationconditions. As a result, in the Arabian Sea program we will be using astandard hard-disk as the backup disk and the SyQuest disk solely as atransport medium.Generally, the SyQuest disks will come to the ship already formated,but in case they don’t or you run into problems, here is the procedure forformating the disks. Check to make sure that the disk is write-enabled bytoggling the switch on the back. Insert the disk all the way into the drive andmake sure that the ejection lever is closed all the way. When the lever isclosed, first the orange light and then the green lights will come on as the diskreaches operating speed. At this point, go to the SYQUEST sub-directory and

7CNF, February 7, 1995run the program SYPREP. Choose the format disk item from the menu. Thiswill bring you to another menu which should show both your hard-diskdrive and the SyQuest disk. Use the arrow keys to highlight the SyQuestdisk. Make sure you choose the SyQuest disk or you will reformat your entirehard-disk - bad news! (In the event that you commit this error, there is aSyQuest disk with the entire system backed up on it.) With the SyQuest diskhighlighted and the LED lit on the disk-drive, proceed with formating thedisk. A formated SyQuest disk can be treated as any other disk and it hasaccess times that are comparable with regular hard disks.One final note on dealing with the SyQuest drive. To remove a diskfrom the drive, first push the button in the middle of the drive then wait forthe orange light to go off before moving the ejection lever. Forcing the levertoo early could injure both the disk and the drive.AUTOEXEC.BATThe AUTOEXEC.BAT file contains a series of DOS commands that areexecuted in order when the computer is booted up. These commands set upsome memory allocations, define the sub-directory path, load neededprograms that run in the background and start the Autonmous ADCP system.The memory requirement for the entire Autonomous DAS is about 550K, soit necessary to keep the extraneous programs to a minimum. One thing thatwe have run into already with this is that network software, unless it iscarefully loaded, does not leave enough memory for the DAS. This has notbeen a problem on the Thompson as we’ve been able to load most of thenetwork programs into high memory and actually have plenty of room forDAS. Copies of the AUTOEXEC batch files for both the Dell and the Delphicomputers are listed in Appendix C.The following is a listing of an AUTOEXEC.BAT file that has workedduring tests in the lab. On the Dell, we started with a generic version of theAutoexec that had all the items needed and then ran MEMMAKER, a DOS 6memory optimizer which reordered the file and changed some of theparameters.LH /L:0;2,45488 /S C:\DOS\SMARTDRV.EXE /X@ECHO OFFPROMPT $P$GPATH C:\DOS;C:\BORLANDC\BIN;C:\ADCP248\AT-SLOW;C:\MATLAB40\BIN;C:\TCPIPSET TEMP=C:\DOSLH /L:0;1,1776;2,36256 /S COMMAND /E:1024 /CC:\TCPIP\TGT.BATAT-SLOW /C16CD C:\AUTOADCPCALL FLAGEXEC

8CNF, February 7, 1995The first line loads a disk caching routine into high-memory. The nextthree lines turn off the echoing of the batch file to the screen, set up the DOSprompt, e.g.. "C:\>", and the path. The path indicates directories where thecomputer can find needed files that are not in a local directory. Someprograms need the "environment" variable "TEMP" set equal to the DOS sub-directory. The next line connects the PC to the network which makes virtualdisks and printers available. The batch file TGT.BAT in the TCPIP sub-directory controls which devices are made available and defines the virtualdisk used by the ADCP DAS for storage as J:\. We are using a 20 MHzcomputer which may be too fast for the antique GPIB interface driverscompiled with the DAS. As a precaution, we can slow the computer’seffective speed down to about 16 MHz using a shareware program called AT-SLOW. The line "AT-SLOW /c16" runs the program specifying the desireddegree of slow-down, Appendix A. The next line changes the local sub-directory from the root directory to the sub-directory with the AutonomousADCP programs. The last line calls a batch-file, FLAGEXEC.BAT, which setssome parameters and starts the ADCP. The AUTOEXEC,BAT file for theThompson’s Delphi is similar to the above file and is listed in Appendix C.A note on AT-SLOW: It appears that AT-SLOW adversely effects theDell computer’s access to floppy drives A: and B:. To access these drives it isnecessary to disable the CPU slow-down and this can be done by typing :AT-SLOW /Dat the DOS prompt. AT-SLOW will also be disabled if you run the batchprogram, STOP.BAT, when exiting the DAS. To restart the AutonomousDAS, simply reboot the computer and that will get everything back in order.You can add things to the AUTOEXEC batch-file, but do it carefully andone step at a time. When installing the system on an existing computersystem, it will save you a lot of grief if you replace the existingAUTOEXEC.BAT file with something like this one and then slowly reinstallfeatures as needed.CONFIG.SYSThe CONFIG.SYS file is another file read by the computer at boot-uptime. The CONFIG.SYS file lets you change the default configuration of thecomputer such as how memory is allocated, how many files can be openedsimultaneously, how large is the internal buffering, and installs devicedrivers for extra hardware such as GPIB boards, SYQUEST drives and diskdrives. The following is a configuration file that has been used successfully; italso was rearranged by the MAMMAKER memory utility:DEVICE=C:\DOS\HIMEM.SYSDEVICE=C:\DOS\EMM386.EXE NOEMS 512 FRAME=E000BUFFERS=15,0

9CNF, February 7, 1995FILES=50DOS=UMBLASTDRIVE=ZFCBS=30,0DEVICEHIGH /L:2,12048 =C:\DOS\SETVER.EXEDOS=HIGHSTACKS=10,512SHELL = C:\DOS50\COMMAND.COM C:\DOS\ /E:1024 /PDEVICEHIGH /L:1,2720 =C:\TCPIP\NEMM.DOSDEVICE=C:\TCPIP\PROTMAN.SYS /I:C:\TCPIPDEVICEHIGH /L:2,14416 = C:TCPIP\ELNK3.DOSDEVICEHIGH /L:1,4080 =C:\TCPIP\TCPDRV.DOS /I:C:\TCPIPDEVICEHIGH /L:1,9072 =C:\DOS\ANSI.SYSDEVICEHIGH /L:2,23680 =C:\SYDRIVER.SYSDEVICEHIGH /L:2,10864 = C:\ADCP248\GPIB.COMThe first two lines set up the controllers for high-memorymanagement. These options are for 80386 and higher computers. The orderof these instructions is important. The DOS routines are stored in the DOSsub-directory. Lines 3, 4, 7 and 10 setup various memory stacks and buffers tospeed-up the processor. The DOS=UMB line provides the "upper memoryblocks" into which the system and device drivers will be loaded. TheDEVICEHIGH command loads the device drivers into high memory, if thereis room available. The parameters after the "/L" specify the memory locationand amount of memory required for the driver. The shell commandspecifies the location of the command interperter that will be used whenshelling out of a program. The "/E:" switch sets the environment size and Idon’t know what the "/P" does. Setver is a DOS utility that allows a programwritten for an earlier version of DOS to run under the current version. Lines12 thru 15 setup the drivers for the network allowing virtual disks and othernetwork services. The ANSI driver allows the use of ANSI escape sequenceswhich are necessary for the ADCP DAS and UE4 routines. The SYQ55 driverallows the removable SyQuest drives to be accessed like a normal hard-disk.The GPIB device driver controls the GPIB board that is used between theADCP deck unit and DAS computer. The GPIB driver must be the onesupplied by RD Instruments with the latest version of the DAS.POSITION.DATThis file contains the listing of the ADCP regions and the vertices thatdefine the various regional polygons. An example of this file for the ArabianSea is given in Appendix B. At the end of each ensemble, the user-exitprogram FLAG.EXE gets the latest position from the DAS and compares itwith the polygons defined in POSITION.DAT. If the position is within thecurrently defined region, the ADCP DAS continues. Note, the DAS willcontinues with the latest configuration if the position is outside all theregions. However, if the ship is within a new polygon, FLAG.EXE copies theDAS configuration file that corresponds to the new region to the default

10CNF, February 7, 1995configuration file, START.CNF, copies the name of the new region intoSTART.DAT, and causes the computer to reboot. The names of the regions inthe POSITION.DAT file match the names of the ADCP configuration files.Since the ADCP DAS can be set to start pinging at start-up, this procedure willautomatically change the ADCP’s configuration as the ship passes from oneregion to another.There is nothing tricky about setting up the regional polygons. Eachpolygon has a unique name (up to eight characters) followed by a listing oflatitude/longitude pairs that define the vertices. North latitude and eastlongitude are positive. There is no need to close the polygons, i.e. the firstand last vertex do not need to be the same and a square requires but fourvertices. The only requirement is that the vertices follow around the polygonin order - I usually follow around in a counter-clockwise fashion. The orderin which the polygons appear in the list has an effect because FLAG.EXE stopslooking for the correct region at the first instance when the ship’s positionfalls within a polygon. This allows the definition of small regions that withinlarger regions which can be useful if there are isolated regions within thestudy area, such as ports or islands. To do this, arrange the order of theregions such that the small interior regions are listed first.START.DATThis is a very short file that simply contains the name of the regioncurrently being used. This file is generated and updated by FLAG.EXE. Theregion name matches one given in the POSITION.DAT file. FLAG.EXEchecks the name within this file after finding which region the ship is in atthe end of each ensemble. If the regions match, the program continues,otherwise the program copies the appropriate configuration to the defaultADCP configuration file and reboots.FLAGEXEC.BATThis batch file initializes parameters used by FLAG.EXE. The batch fileidentifies the backup disk drive and sub-directory, the names and directoriesfor the BOOT.LOG and DASLOG.LOG files, appends the reboot/start-up timeto the BOOT.LOG file, sets the watch-dog timer interval, typically 7.5 minutes,turns on the watch-dog timer, and starts the ADCP DAS program. TheFLAGEXEC.BAT file should be called from the AUTOEXEC.BAT file aftersetting the default directory to the one with the AutoADCP DAS programs(see above). An example of FLAGEXEC.BAT that should be close to theversion used for the Arabian Sea program is included in Appendix D.

11CNF, February 7, 1995BOOT.LOG and DASLOG.LOG FilesThe log files are produced by the Autonomous system at various stagesand provide a record of what the DAS was doing and when. The BOOT.LOGfile is simply a list of times when the FLAGEXEC.BAT file was called. Sincethis batch file is only called up when the system is started initially or when itreboots itself, the file provides important bench-marks for deciphering whatwas happening to the system. The DASLOG.LOG file is written to by the user-exit program FLAG.EXE whenever one of a number of things happen. Undernormal conditions, the only entries to the DASLOG file will be when the shippasses into a new region or when a pingdata file is filled and copied onto thebackup disk. The messages signalling these events includes the time andlocation of the ship. If an error condition is encountered by FLAG.EXE, amessage to the DASLOG file is also sent indicating the time and type of error.The error messages are generated relatively infrequently but they will occur ifthe navigation devices cease to send the expected GGA or ATT messages. Ifthe GPS systems fail, an error message can be generated at each ping whichwill quickly produce and enormous file. The failure of the navigation systemwill cause errors or blanks in the display which should alert the crew thatsomething is wrong and needs to be fixed. If the DASLOG file gets too big,probably the only reasonable thing to do is erase it once the problem has beendealt with.User-Exit ProgramsThe user-exit facility of the ADCP DAS makes possible addedcapabilities that were not included, or not thought of, in the original program.User-exit programs are like subroutines that can be run at various pointsthroughout the data collection and processing. There are three main user-exitprograms that we use and they are explained below.FLAG.EXEThis program is the heart of the autonomous ADCP system. Asexplained earlier, its main purpose is to determine whether the ship hasmoved from one regional polygon to another and change the ADCPconfiguration if it has. It also resets the watch-dog timer each time it is run soit must run at least once before the watch-dog timer interval, defined inFLAGEXEC.BAT expires, or else the computer will reboot and start again.Lastly, when a pingdata file is filled to capacity, which is about 360K bytes, theprogram will copy the pingdata file to the backup disk and directory definedin FLAGEXEC.BAT. Each time FLAG.EXE takes control of the DAS, such aswhen moving into a new region, backing up a pingdata file, or if itencounters and error, a message is sent to a log file called "DASLOG.LOG".

12CNF, February 7, 1995To install the program as a user exit program, first enter the UX sub-menu from the main DAS menu. There should be several blank places inwhich to install the program. Type in the number for the appropriate blankline and then type in the path and name of the program:FLAG.EXE.Toggle the enable switch to YES using the space-bar, then enter 9 as the entrypoint. FLAG.EXE is a non-resident program, that is, it has to be loaded intomemory each time it is run. Therefore, do not enter an interrupt number.After entering the user-exit information, the DAS will attempt to load theprogram into memory, If there are any problems, there will be a "not loaded"notation on the appropriate user-exit line. Usually the problem, if there isone, is that the path is incorrect.UE4.EXEThis user-exit program replaces the navigation user-exit program(usually NAVSOFT.EXE) and is the result of considerable experience withshipboard ADCPs gained by Eric Firing and the other WOCE users of theADCP. This program is not necessary for the operation of the AutonomousADCP DAS, but it significantly improves the quality of the resulting data.There is a complete explanation of the program in Appendix E, but the mostimportant features are that the program changes the way navigation data isobtained and it has recently been expanded to process phase-differential GPSheading data provided by an Ashtech 3DF GPS receiver.The conventional ADCP DAS records a position for each ensemble thatis the average position of the ship during the ensemble. The velocity of theship is then determined by differencing the average position betweensuccessive ensembles. The ADCP, however, measures the average relativewater velocity during an ensemble, not between ensembles. To get absolutewater velocity from the relative water velocity, it is necessary to have theship’s average velocity over the ground during the ensemble. This is done inUE4 by recording the ship’s position, together with the time, at the end ofeach ensemble in the "user buffer". The UE4 routine reads "GGA" GPSmessages through a COM port after each ping as well as at the end of eachensemble. Post-processing of the data merges the correct ship’s velocity withthe relative water velocity.One of the last problems with ADCP data is associated with biases andoscillations of the ship’s gyro-compass. The advent of short-baseline, phase-differential GPS attitude receivers makes it possible to determine a ship’s trueheading with an accuracy of about 0.1 degrees, regardless of the ship’s latitude,speed, or course. One such receiver is the Ashtech 3DF, and one of these hasbeen installed on the RV T.G. Thompson. There has not been enoughexperience with the units nor is the output of the devices sufficiently reliablefor them to replace the gyro-compass. Therefore, the ADCP will continue to

13CNF, February 7, 1995use the gyro-compass data and we use the GPS data to correct for gyro-compass error during post-processing. The UE4 program is setup to read twomessages from the Ashtech units, the "GGA" message, which gives position,followed by the "ATT" message, which contains the attitude data. UE4 readsthe Ashtech data through a second COM port, processing the data throughoutthe ensemble, and writes summary statistics at the end of the ensemble to the"user-buffer" output area.The operation of the UE4 user-exit program is controlled by aconfiguration file which must be in the same directory as the ADCP.EXEprogram. The configuration file, UE4.CNF, controls which COM ports will beused for which GPS receiver, the baud rates, parity, etc., and the format of theincoming data. The UE4 program can also write intermediate data to theCOM ports, the transmit line of which can be routed to other computers.One of the purposes of this capability is to allow real-time transfer of data toanother computer for real-time presentation of ADCP results. See thediscussion of the UE4 program in the appendix for more information onthese options. An example of the UE4.CNF file is included in the AppendixE, as well.UE4.EXE is installed as a resident user-exit program. The procedure isto enter the "UX" sub-menu from the main ADCP DAS menu and load UE4into the navigation user-exit slot. Therefore, type an "N" to indicate thenavigation user-exit slot, followed by UE4.EXE. Toggle the space-bar to enablethe program. Enter "4 5 9" as the entry points and choose an interrupt thathas not been allocated to another program, usually 2 or 3. Make sure all theuser exit routines have been enabled by typing "EE", as necessary. Lastly, inthe "DR" ADCP DAS sub-menu toggle on the user-buffer by typing "RB" anduse 192 bytes.AGCAVE.COMThis routine, written by RD Instruments, changes the way backscatterintensity data is recorded in the DAS and makes it possible to use intensitydata for estimating zooplankton concentrations. If left to its own devices, theADCP DAS averages the backscatter intensity data from all four beams toform a single ensemble averaged profile. The problem is that the beams,while nominally the same, are not calibrated and give slightly differentresults for the same target strengths. The calibration of the beams has to bedone as a post-processing step and therefore it is necessary to record theensemble averaged profiles of the four beam separately. This is whatAGCAVE.COM was designed to do. The routine grabs the intensity profilesfor each beam after each ping, forms the four ensemble averaged profiles, andstores the result in the storage location in the pingdata files reserved for the"LAST AGC". RD Instruments took this route because people rarely used thatfeature and they did not want to create a new data type. This program is small

14CNF, February 7, 1995and has been working successfully since about 1988. The details of theprogram are given in Appendix F.To use AGCAVE.COM, enter the user-exit sub-menu by typing "UX".Choose one of the blank lines for the user-exit program and type the linenumber. Enter AGCAVE.COM, use the space-bar to toggle the enable, andenter exit points 5 and 9. AGCAVE.COM is a resident program, so choose anunused interrupt number, typically 3. Make sure that the all the user exitprograms have been enabled.COMMAND.COMWhen working with the ADCP DAS and setting up the system it isoften convenient to be able to switch back and forth between the DOSenvironment and the DAS. This can be easily done by setting up a shell usingCOMMAND.COM as a non-resident, non-active user-exit program. To dothis, enter in COMMAND.COM as a user-exit program including the pathwhich will probably be either "C:\" or "C:\DOS\". Enable the program withthe space-bar but do not enter any entry points or interrupts. To shell out ofthe DAS back to DOS, type "EM" from the user-exit sub-menu and type theline number of the COMMAND.COM program. This will result in a DOSprompt and any small DOS program can be executed. To return to the DAS,type "exit" at the DOS prompt.

15CNF, February 7, 1995SETTING UP THE ADCP DAS AND ITS CONFIGURATIONFILESThe last step, and perhaps the trickiest, is setting up the ADCP DASconfiguration. It is very easy to change the configuration and it is fairly timeconsuming to check all the parameters. This, combined with the fact thatsome parameters control vital processing or recording functions, means thatcare should be taken when modifying the DAS. It is often best to start from aconfiguration file that you know gives satisfactory results and make thedesired modifications.The configuration of the DAS is contained in two files, EXIT.CNF andeither the default, START.CNF, or a user defined configuration file. TheEXIT.CNF file contains some of the basic DAS setup parameters that shouldnot change, in particular, the user-exit programs. The EXIT.CNF file is storedin binary format. The START.CNF, or some other configuration file, controlsthings like the number of bins, pulse length, bin length, what and whetherdata is being recorded, what kind of graphical output is desired, etc. Theseconfiguration files are in ASCII and a copy of one of these files is given inAppendix G.The usual way that the configuration is changed is by settingparameters using the main DAS menu and then saving the setup using thesave/restore, "SR" functions. The saving and restoring can be to or fromdefault configuration files, using "SV" or "RD", or to or from "work" filesusing the "SN" or "RN" commands. In either case, the setup of the user-exitprograms is saved in the EXIT.CNF configuration file while the rest of theparameters are stored in the default or work configuration file. For theAutonomous ADCP system, a separate configuration file is needed for each ofthe regional polygons and therefore, it will be necessary to use the "work" fileoption. To construct a work file, one first goes through the "AD", "DP", and"DR" sub-menus as needed to set the parameters and then uses thecommands in the "SR" sub-menu to save the configurations. In the "SR"sub-menu, enter a "work file" name and a cruise ID. The cruise ID should beunique to each regional polygon so that you can tell whether the correctconfiguration file is installed. Save the configuration file with the "SN"command. Use the "RN" command to call back configuration files forfurther editing. The ASCII configuration files can also be edited using theDOS editor. Although it is faster to use the DOS editor, there is less helpful(?) information available.There are some vital parameters for the Autonomous ADCP systemand there are some that are just plain critical. There is a good discussion ofthe parameter setup in Eric Firing’s write-up for WOCE, Appendix H. Belowis a list of some of the parameters to check before saving a configuration file:

16CNF, February 7, 1995Sub-MenuCommandParameterExplanationADU S YesUse Direct Commands on Start UpADPSN o Yes=Serial/No=Parallel Profiler LinkADBK4.0Blank after transmit, mDPTHYesToggle Heading CompensationDPU R YesUse Reference LayerDPV S YesCalc. Speed of Sound from Temp/SalDPB T Yes or NoTurn-on Bottom-Track in shallowwater, turn-off otherwiseDRRDYesRecording on DiskDRR B 192Bytes of user program buffer, neededfor UE4DRAPYesAuto-ping on start-upDRR N YESRecord Ancillary Data (bottom trackand navigation data)DRR R A YesRecord last raw AGC (w/ AGCAVE,this actually records ensemble-averaged beam intensities)UXEEYesEnable Exits to External ProgramsS S ODn n Transducer depth, mS S OH+nn.nnHeading offset, degreesS S OT45.00Offset for temperatureS S S T 50.00Scale for temperatureS S SLss.sssRegional salinity in psuDC1FH00001Bottom Track pings/Water track pingDC2E0004020099Ping-to-Ping 1st bin tracking controlDC3CF64Turns off fish finderDC4B009001Bin-to-bin acquisition and filtercontrolThe "Auto-Ping on Start Up" is crucial for the Autonomous ADCP system.In addition to these parameters, you should also check that thesampling interval, number of bins, bin size, and pulse length are correct forthe region that is being defined. In deep water, the bin length should be 8meters and the pulse length 8 to 16 meters. While the DAS can record 128bins of data, the range of the device is typically no more than about 400meters, so 50 or 60 meters should be the maximum number of bins to record.In shallow water, set both the bin size and pulse length to 4 meters.Sampling interval is a matter of preference -- I prefer 5 minute intervals asthis usually gives adequate spatial resolution while minimizing the statisticalvelocity errors . Using a reference layer can significantly improve thevelocity data under variable conditions. The top one or two bins can beeffected by the flow around/under the ship and it is preferable not to usethem as part of the reference layer. In deep water, the usual procedure is touse bins 5 to 20 as the reference layer. In shallow water, the issue becomestrickier. If the top bin is set too deep, i.e. in the mud, you can lose data. In the

17CNF, February 7, 1995past out of necessity, I have used bins 2 to 5 as the reference layer undershallow conditions. As a final word, and to allay fears, the setting ofparameters to control the graphical presentation does not effect how the datais recorded.

AppendixAAT-SLOW.DOC

Appendix B.POSITION.DAT file

Appendix C.AUTOEXEC.BAT and CONFIG.SYS files

Appendix DFLAGEXEC.BAT file

Appendix EUE4 Documentation

Appendix FAGCAVE Documentation

Appendix GADCP Configuration File

Appendix HEric Firing’s WOCE ADCP Procedures Document

Appendix IFLAG.EXE User-Exit Program Documentation

Appendix JGPIB PC-IIA Documentation