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Purpose

This preliminary manual describes the operation of MDD BP (UCSB), a series of instruments used to study coastal bioluminescence distributions from various oceanographic platforms. 
____________________________________________________________
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Deployment Setup

The MDD Bathyphotometer (BP) can be deployed in different modes: 

1. real time profiling mode 

2. datalogging profiling mode (with battery bottle attachment) 

3. datalogging moored mode 

4. Custom modes

NOTE: Not all modes available in any one instrument due to code space limitations.

Orientation of Instrument

Preferred deployment orientation is horizontal; inlet and outlet ports are also oriented up in this position. ("TOP”, engraved in the center top of the instrument, is facing up) Other orientations may not bleed air out properly during deployment.

Mounting Position on Instrument Package

If the MDD BP is to be placed on a deployment package with other instruments, mount the MDD BP so that the inlet (flared port) receives an undisturbed flow of water by facing into ambient flow stream. Water that has traveled around or through other instruments before arriving at the MDD BP inlet might contain prestimulated bioluminescent organisms. This could bias bioluminescence data collected.

____________________________________________________________

Data and Power Ports

BOTTOM VIEW
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Port numbers are etched on the surface of the instrument. Not shown in this picture is the BP outflow, on the opposite side of the water intake. Small hole with o-ring near Data Port 2 is the opening to the depth sensor/pressure transducer. 

Connectors and Cable Maintenance

We recommend that you use a thin application of  “Spray On 210” Food Grade Silicon Lube (Sherwin Williams Industrial Supply, Bedford Heights, OH 44146, or Anaheim, CA 92807) to lubricate and clean MDD BP cables and connectors before each use. To avoid hydraulic lock between connector and cables, allow the silicon lube spray to dry before you connect the cables or dummy plugs. 

____________________________________________________________

Setup Directions

1. Plug communication cable into BP (labeled port “1” on BP, see picture in Data ports section) and computer (6-pin cable to RS232 serial connector cable).

2. Start a terminal program on your computer (i.e., Hyperterminal software on PCs, Z-Term on Macs) with the following connection configuration: 9600 Baud rate, 8 bits, no parity, 1 stop bit, no handshaking. 

3. Plug in cable between MDD BP and battery bottle (Impulse LTMIL-3-FS, 3-conductor cable, see following diagram).
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4. You may see this message on the terminal program screen (): 
"xxxxxxxx Xxxxx.C  wait for system calibration" (If message doesn't appear, then see note in section on battery replacement/troubleshooting).
5. After approximately 25 s, the following message will appear on your screen: 

"Calibration done".
6. Now you can execute commands (see command section) at the terminal program window. Note: commands are case sensitive. See commands section for details.
7. To change the date and time on the MDD BP, type I. This should been done after each instrument power up to set the correct time in the datastream. To check that you entered the time and date correctly, type T, to print the time and date to the screen. 
8. You can recalibrate the PMT analog to digital (A/D) signal conditioning (command C) and rezero the depth sensor (command Z) before each day of profiling. See command section for details on these commands.
9. To prepare MDD BP for profiling, you must type J to start printing the datastream to the serial port, and to prepare the MDD BP for datalogging. 
10. After typing J, the following prompt appears:
"Do you want to start at the beginning of the memory? Type Y (overwrite old data), OR P to offload old data OR type another key to start."

See the command section for an explanation of this command, and the choices you can make at this point about memory space for data on the MDD BP.
11. After executing Command J, you will see the datastream scroll by on your screen (see datastream format section) at 1 data point per second. The PMT is now powered up, but the pump and datalogging are not enabled yet. Each time the PMT is powered up, it goes through a range-finding routine to determine the correct HV setting based on current light intensities in the PMT detection chamber. You will see 1 to 4 seconds of data points at the beginning of the data set where PMT readings equal 9.99E+01 while the PMT is range-finding. 
12. Although the MDD BP is almost completely light baffled, you can see a slight decrease in PMT readings when you plug the in and outports. When you do this, absolutely no ambient light is entering the detection chamber, and the PMT readings are more steady. This will become important when doing light calibrations (instructions forthcoming).

13. When finished with commands, unplug the communication cable from MDD BP and install the dummy plug, but leave battery cable plugged in. MDD BP is now ready to deploy. Pump will automatically come on, and datalogging will start when the instrument reaches a depth of 1 meter for the first time after deployment. Pump will automatically turn off 10 s after a depth of 0.2 m is reached on the upcast. 
14. After recovery of the MDD BP, reconnect the communications cable (after carefully wiping away any water from the connector and cable area), and type K to stop printing the datastream. 

15. Refer to the Offload Data section to retrieve data. 
____________________________________________________________

Commands List

Note: case sensitive

? = prints a list of these commands on the computer screen.

I = sets date/time  (ALL MODES)
After you type I, the computer will ask for 3 separate parameters to be entered to represent date and time: (1) Day (D) (2) Hour (HH) and (3) Minute (MM). Day integers can be for day of year (0 to 366), or anything that has meaning for you (any integer from 0 to 65535 can be entered).  Day increments at midnight. Hours can be any 2 integers from 00 to 24, and Minute can be any 2 integers from 01 to 60. The output parameter will have the following format: D, HH:MM:SS (See datastream format section). Seconds (SS) automatically start incrementing, beginning at 00, after the I-command prompts are completed. Time will need to be reset each time MDD BP is powered up.

T = prints date and time entered to screen (ALL MODES)
J = starts printing datastream (REAL  TIME  PROFILING  and DATALOGGING)
After you set the internal time (Command I), you can start printing the MDD BP datastream to the computer serial port in real time by typing J. This also sets up the datalogging procedure when the MDD BP reaches a depth  of 1 m. The following prompt will appear:

"Do you want to start at the beginning of the memory? Type Y (overwrite old data), OR P to offload old data OR type another key to start."

There are 3 choices you can make at this point:

(1) set the internal memory pointer back to the beginning of the MDD BP memory space (type Y: this command overwrites current data in memory)

(2) continue to save data at the end of the current data set (type any other key: no old data is overwritten, until the memory space is filled, see Note below) 

(3) offload data (type P). If you have already offloaded the previous data, and are concerned about memory space, option Y is best. Suggestion: Offload often. Note: After memory is full (approx. 1 hour and 5 minutes), data continues to be saved, simply continuing at the beginning of memory, overwriting old data. (see note below in Command K section)

K = stops printing data (REAL TIME PROFILING and DATALOGGING)
This command stops printing the datastream to the serial port. This must be used after a Command J to use any other commands. Turns PMT off, as well as stops printing datastream to the serial port. Note: there is a difference in (1) printing the datastream to the serial port (Command J) (2) internally logging data to the MDD BP memory (Command J, plus the trigger of 1 m depth) and (3) offloading the data in MDD BP memory (Command P)

P = offloads data (DATALOGGING MODE)

This command reads all data from memory, and will stop at end of memory, OR until a P (pause) or S (stop) is sent from the terminal. The terminal program won't save the offloaded data unless you set up a capture file in the terminal program prior to executing this command (see offloading section below). During offload in the terminal program, you should see the following datastream format on the screen:





284, 18:15:10, 0.0, 3.546+E06, 0, 26.54, 0, 2.49, 17.9, 12.3





284, 18:15:11, 0.0, 9.999+E01, 0, 26.53, 1, 2.49, 17.9, 12.3





284, 18:15:12, 0.0, 9.999+E01, 0, 26.54, 2, 2.49, 17.9, 12.3





284, 18:15:13, 0.0, 9.999+E01, 0, 26.54, 3, 2.49, 17.9, 12.3





284, 18:15:14, 0.0, 9.999+E01, 0, 26.53, 4, 2.49, 17.9, 12.3




284, 18:15:14, 0.0, 4.624+E06, 0, 26.54, 4, 2.49, 17.9, 12.3

S = stops offloading 
L = reformats memory (DATALOGGING MODE)

Command L writes ‘nulls’ to all memory locations and resets the memory pointers to 0 in order to reformat the memory. This should be done after you are completely finished offloading data from memory, and would like to save completely new data in the future. (Type Command L, then Command Y: Memory locations will scroll by on the screen for chips 1-9. 

If you do not reformat memory before deploying again, and use the command to start datalogging at the beginning of the memory (Command J, followed by Command Y), new data will be added to old data. New data will overwrite old after all memory is used. 
Z = rezeros depth, if necessary 

Check that depth = 0 at surface (look at data in real time profiling mode with Command J to check this). Data is not saved into the internal EEPROM memory in datalogging mode until MDD BP is at 1 meter depth, and will not stop saving to memory until depth is less than 0.2 meters for more than 10 s. The pump motor starts at 1 meter of depth and runs until 10 s after it returns to a depth of less than 0.2 m. Therefore, it is very important to start profiling immediately after deployment to accommodate ship surge. Also see "Changing Zero Depth" section.

V = prints % of memory currently used 

This indicates where the memory pointer is currently located. For example, 50% means the locator is halfway through the memory. Note: there is no warning of overwriting; offload often! 

C = recalibrates photomultiplier (PMT) analog to digital  (A/D) signal conditioning 

Use this command if:

1. the MDD BP external temperature changes dramatically since first powered on (i.e., MDD BP taken rapidly from air-conditioned lab to hot deck area). 

2. PMT readings are very erratic (PMT numbers fluctuate with the in and outports covered to keep ambient light at a minimum) 

Command C initiates an internal recalibration of the PMT A/D 16 bit converter, and requires no input from the operator. The recalibration is complete after approximately 30 s after which time a message appears on your screen. A PMT signal number of 5.6E+06 represents 1 A/D count out of 65536. Dynamic range is 3.6E+14 with the PMT set in the least sensitive high voltage (HV= 1) range See HV section in datastream format section for more details. For reference, in the lab we typically see values of 10E+05 to 10E+06 as a no light/ background signal (dark current of PMT). 

E = forces pump motor on for diagnostic purposes. For this model of MDD BP, typing K to stop the datastream will turn the pump off if it is in this mode. Note: For normal operation and datalogging procedures, the pump goes on automatically at 1 m depth after Command J has been executed.

_________________________________________________________________________________
Quick Reference Commands Table 

	Command Key
	Function



	?
	Displays these command keys in a list on the screen



	C
	Recalibrates PMT A/D signal conditioning 



	E
	Forces pump motor on (to turn pump off, type K)



	I
	Allows operator to enter date and time  



	J
	Start printing datastream to serial port (initiates datalogging procedure) 

Asks operator to make a decision on the location of the memory pointer. 



	K
	Stops printing datastream to serial port (ends datalogging procedure)



	L
	Allows operator to reformat memory 



	P
	Starts offloading data from internal MDD BP memory. Typing P again 

pauses the download.



	S
	Stops offloading procedure 



	T
	Displays date and time entered (use after Command I)



	V
	Displays how much memory (%) has been used. MDD BP internal 

memory in the data logger will hold approximately 1 hour of data. This is 

also indicated where the memory pointer is currently located. 



	Z
	Rezeros depth at surface




Offloading Data

Directions

1. Connect your computer to MDD BP using the communication cable (port 1, 6-pin connector on MDD BP to RS-232 serial port on PC computer). Keep batteries connected. 

2. Start a terminal program (i.e., Hyperterminal software on PCs, Z-Term on Macs) on your computer with the following connection configuration: 9600 Baud rate, 8 bits, no parity, 1 stop bit, no handshaking. Setup the terminal program to begin to capture text and save to a text file format. 

3. Type P to start offloading data. You should see the datastream on your screen at this point. (See datastream format section). 

4. Note: MDD BP only prints a datastream when data is not a "null" character, but continues to check for non-null characters until the end of memory. If you have all the data you want, but the unit is not finished checking, then stop offloading data by typing S.

5. Stop capturing the file on the terminal program when you are done offloading data.

6.  Check that you actually have saved data BEFORE you proceed. If there is a problem, you can offload data again (Command: P) if you haven’t already overwritten old data. You can now either (1) reformat memory (Command: L) or (2) start saving new data (Command: J). See command section for more details on data memory space. 

7. After the internal MDD BP memory is full (approximately 1 hour and 5 minutes), data continues to be saved, simply continuing at the beginning of memory, overwriting old data.

_________________________________________________________________________________

Rezero Surface Depth

The impeller pump on/off switch and datalogging are both triggered by depth in this model of instrument. If in datalogging mode, type K to stop datalogging. Type Z to rezero surface depth. After you confirm that unit is on the surface of the water, type Y. You will see the following message on your screen:





"current raw offset = 480





  new raw offset = 481"

You can do this as many times as you want. Readings should be close (current versus new offset) each time. Type I to set time if needed, then type J followed by Y (or N) before deploying.

____________________________________________________________

Data stream Format

During offload, you should see the following comma-delimited ASCII datastream format in the terminal program (10 columns, update = 1 second):


DDD, HH:MM:SS, DD.D, P.PPPE+PP, FFF, TT.TT, HV, 2.49, BAT.V, PMT.V<CR> <LF>
	Column
	Parameter description 

	1
	DDD = day 

	2
	HH:MM:SS : HH= hours, MM = minutes, SS = seconds

	3
	DD. D  = depth in meters 

	4
	P.PPPE+PP = PMT signal in photons/second (this is not modified for flow or 

anything else). A PMT signal number of 5.6E+06 represents 1 A/D count out 

of 65536. PMT auto-ranges to match the signal conditions. Dynamic range is 3.670E+14 with PMT in the least sensitive high voltage (HV) range.  See HV description also.

	5
	FFF = flow in ml/s (integer)

	6
	TT.TT= temperature in degrees Celsius 

	7
	HV = PMT high voltage step (autogain ranging function 

	8
	2.49 = 2.5V reference

	9
	BAT.V = battery voltage. Starts at ~18V is good down to ~14.5V under load 

(with pump running under water).

	10
	PMT.V = PMT system voltage 11.5 to 15V


PMT and HV settings

Each time the BP/PMT is powered up (after executing Command J), it goes through a range-finding routine to determine the correct HV setting, based on ambient light intensities recorded in the PMT detection chamber. (HV= 0, PMT is off, HV=1, PMT in least sensitive setting, HV = 4, PMT in most sensitive setting). There is a factor of 10 between steps. 

During ranging you will see up to 4 seconds of data points at the beginning of the data set where PMT readings equal 9.999E+01 while the PMT is range-finding. During data collection, if the MDD BP experiences a large fluctuation in light intensity, the unit will again range find, and you will see 9.999+E01 saved in the datastream for these seconds.

____________________________________________________________

Battery Replacement

· MDD-BP uses 12 “D” cell batteries. 

· Using the supplied plastic wrench, remove the MDD-BP endcap that does not have a connector on it from the small bottle. Note the O-ring on the nut.

· Slide out the batteries, and test or replace with new batteries. Remember that you can check the battery voltage remotely by typing J to look at the datastream in real time mode. 

· The battery bottle is marked with – and +. The circuit board that connects the batteries in series can be rotated in any orientation, as it connects both strings straight across. Protective foam pad faces out.

· Tighten endcap with plastic wrench until snug (resistance increases) but don’t muscle it.

· NOTE: If when battery bottle is plugged in and a message such as: "Xxxxx XXXX.C wait for system calibration" does not appear on your screen, then (1) remove battery cable, (2) wait 30 seconds, then (3) plug the it back in. This will allow time for voltage in the unit to bleed off, causing a reset of the micro-controller. 

____________________________________________________________

Storage

1. Disconnect the battery cable at the BP end when not in use. Date/time (Command I) will need to be reset when powered up again.
2. Remove batteries for long term storage.
3. Flush flow path, or soak entire instrument, well with freshwater. Turn upside down to drain.
____________________________________________________________

Troubleshooting Guide

____________________________________________________________

Problem:
No message on screen after power up
· When you plug the battery bottle into the MDD BP, no message comes up on the terminal screen window to indicate that the unit is powered up.

Potential Solutions: 

· Is the battery connection cable fully and snugly connected to both the MDD BP and the battery bottle? 

· Have you removed the battery connection cable, waited 30 s, and then plugged the cable back in? (give the voltage in the unit time to bleed off, causing a reset of the micro-controller)

· Is the communication cable fully and snuggly connected to both your computer serial port and the MDD BP bulkhead connector? (port 1 on BP, LPMBH-6-MP)

· Is the connection configuration in your terminal program for dialing up MDD BP correct? (9600, 8, none, 1, no handshaking)

____________________________________________________________

Problem:
Flow rate is lower than normal. 

If the flow meter reads less than 350-370 ml/s (when pump is powered on) consistently over time, follow these suggestions.

Potential Solutions: 

· Remember that the MDD BP flowrate is always 0 unless the instrument is underwater with the pump running. If there is a large obstruction to flow, then the flow rate will drop. The PMT reading will probably also drop lower than before the clog, unless a large BL organism is the source of the problem. 

· Force the pump to turn on while the MDD BP is out of the water (Command E), and listen for the pump to come on. IF the pump comes on, then the flow path is clogged somewhere besides the impeller pump. If it doesn't come on after E, then the clog has probably occurred at the impeller pump. 

· Flush the pathway in reverse by applying high water flow in the exhaust port of the MDD BP, and letting water flush the chamber for a few minutes. Recheck the flowrate. 

____________________________________________________________

Problem:
No new data was collected during the current profile
· When you deployed the MDD BP in datalogging profile mode, no data was collected, or it didn't print on the screen during the offloading sequence.

Potential Solutions: 

· Before you profiled, did you type the Commands I (set time/date), and then J (start printing/start datalogging)? Command J must be typed in order to start the datalogging process. You need to confirm this command with either a Command Y or N (see section on commands for more information).

· Did you type the command K after the MDD BP profiler finished profiling? This command must be typed in order to (1) stop printing/stop datalogging (2) proceed to offloading sequence.

· If you still have problems, reformat the memory (Command L) after you offload and save the old data. Try the above steps again.

____________________________________________________________

Contacts

The following people can be contacted for further assistance with these instructions:

Cyril Johnson

cyril@shops.physics.ucsb.edu
805.893.2669 (UCSB Physics Electronics Shop)

Physics Electronic Shop

Physics Department

UCSB

Santa Barbara, CA 93106
Dr. James F. Case

      case@lifesci.ucsb.edu
805.893.3639 (UCSB Bioluminescence Lab) 

805.893.8062 (UCSB MSI fax)

805.893.2913 (UCSB office) 

Marine Science Institute

UCSB

Santa Barbara, CA 93106
Battery Bottle





3-pin battery connector





Water Intake





Port 1 serial / power: (6-pin connector)





Water Intake





Port 4: Motor plug, used for diagnostics only, not currently connected internally





Port 2: Extra analog data port, not currently connected internally





Port 3: Battery bottle connection





Light calibration ports behind hex screw and plug in side (must remain in during operation or allow extraneous light in to the PMT detection chamber)





Depth sensor opening








MDD-5 BP
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