PIC Board Dec 2005

Summary of requirements for the Controller/Power boards:

1. Programmable Control of power to external devices 

2. Programmable Control of power to Internal devices:

3. Communication with Linux computer which interfaces to the Nikon camera

4. Logging of system status 

5. Low power operation

6. Ability to wakeup the Processor from an external source

7. Battery backup for the Real time clock

8. Ability to respond to additional external interrupts

9. Communication with SOLO device

10. Ability to switch from ext power to battery power / isolation of battery from ocean

11. Operating temperature of –2 C to 40 C 

Requirements:

1. Programmable Control of power to external devices 

Current status:

All power to external devices are through a single 12V supply which is split outside of the pressure case to power each of the 7 devices in the water.  (See interface diagram for July 2005 system) This 12 V supply is switched through a mechanical relay before exiting the pressure case.  The circuit to each device is completed by switching the ground from each device through a MOSFET to ground.  The mechanical relay was added to prevent the 12 V supply from being in contact with the ocean in the event of failure of one of the external devices or connectors.  Grounds were switched rather than positive voltage so that voltage supplying individual devices could be changed without requiring changes to MOSFET/PIC board wiring.  MOSFET switching is through digital IO lines from a PIC16F877A microcontroller.

Additional notes:

As this instrument is still in development, the external devices may change with respect to actual number of devices, power requirements, etc.  For example, the new backlight might require 4 V rather than 12V.  If the new design switches positive power rather than ground, the ability to select the input voltage (e.g. through a jumper, etc) might be a useful enhancement.  Low power performance of the system would be improved if the mechanical relays which draw approx 50 mA when active could be removed. 

2. Programmable Control of power to Internal devices:

Camera (9 V )

9V switched through a mechanical relay, camera ground always connected to PIC ground.  5V relay coil wired to coil + , - side switched through a MOSFET to ground to close the contact.

Computer (5 V )

5V switched through a mechanical relay, camera ground always connected to PIC ground.  5V relay coil wired to coil + , - side switched through a MOSFET to ground to close the contact.

Polarizer DC motor and sensor

Positive side wired to 12V supply, ground switched through MOSFET.  An optical sensor provides a 12V feedback signal when the polarizer is in position.  This 12 V signal is scaled to 5V with a voltage divider.

3. Communicate with Linux computer which interfaces to the Nikon camera

This is achieved through a 3 wire RS-232 link at a baud rate of 9600.  The new design will require 2 RS232 ports as it also need to communicate serially with the Solo profiling float.

4. Logging of system status 

The system must log data on its operational status.  Parameters to be logged include tilt (X and Y axis), temperature at the circuit board, pressure case temperature via a thermocouple (-2 C to 40 C ), battery  voltage, internal vacuum.

Current status:

Battery voltage and board temperature are read from a DS2436 battery monitor chip via a 1-wire interface to the microcontroller.  Tilt is read from a Parallax module via the PWM module.  Vacuum and case temperature are analog signals read by a 16 bit Quad ADC (DS2450 with 1-wire interface).  The vacuum sensor is MPXAZ4100AGU.  Data is currently stored on a 1-wire DS1977 32K EEPROM chip.  The PIC board also contains a SD Card slot but the functionality was not implemented in the system as deployed in July 2005.

New design:

The new design should utilize the SD Card for data storage.  The present design uses voltage dividers to change from the 5V levels of the microcontroller to the 3 V levels required by the SD Card.  This design works for certain cards but is outside of the specs for the microcontroller input of .7VDD.  It also lacks the pullup resistors on the SIO lines as required by the MMC specification.  A better design using appropriate level shifters could be used here.   It would also be desirable to retain the 1-wire EEPROM chip as a backup system.

5. Low power operation

Current design

The present design allows for the microcontroller to go to sleep and wake up periodically to log data.  There is, however, no means to shutdown other chips on the board in order to conserve power.  All chips are wired to the same 5V supply which runs the RTC and PIC.  Currently in sleep mode the PIC draws uA which the total current draw from other chips is 50 mA.  Also, as noted earlier, each of the 3 mechanical relays draw 50mA while active so eliminating these devices should extend the life of the battery packs.  It is not clear at this point why the relays were added  during the last design iteration.

New Design

We require the ability to turn off all chips except for the microcontroller and RTC.  This should reduce our idle current draw by 2 orders of magnitude.  Switched 5V regulators could be used for this.  The SD Card on the current design already has a switched 3.3 V regulator.  

6. Ability to wakeup the Processor from an external source

We require the ability to wake up the processor from sleep using an external signal.  The current design uses a RF receiver board which can operate an interrupt or digital input line on the microprocessor.  One issue with this is that the board draws 8 ma in idle mode so cannot be left on while in low power mode.  The processor has to wake up periodically to check the status of this module and see if a remote button has been pressed.  Current;ly the processor wakes up every minute in sleep mode due to an external interrupt for the RTC so the RF board can be powered up at that point and the status checked.  It might be benefical to have a separate switched regulator for this line so that other chips do not need to be powered up while this module is being checked.

7. Battery backup for the Real time clock

A backup Li battery for the RTC is a desired enhancement.

8. Ability to respond to additional external interrupts

In order to communicate with the SOLO profiling float, we require additional interrupt lines to wake up the processor if the SOLO wishes to initiate communication while the trap is in sleep mode. 

Current system

The current system has a single interrupt line from the RTC and the PIC16F877A does not have the ability to listen for additional external interrupts while in sleep mode

New Design

The new design should use a chip with additional interrupt lines.  The PIC18F722 has 4 interrupt lines which will support the RTC, SOLO and RF board.  

9. Communication with SOLO device

As noted above, the new design must allow for communication with the SOLO through 3 wire RS232 and an external interrupt line (4 wires total).  These signals should be interfaced through a suitable 4 pin connector on the board.  The 4 wires from the solo will enter our pressure case through a bulkhead connector and can be terminated with any suitable connector.  Also as mentioned previously, the new design must have 2 RS232 ports so that it can communicate with both the Linux computer and the Solo.  The current 16F877A has only a single hardware UART but the proposed 18F8722 has 2 hardware UART units.

10. Ability to switch from ext power to battery power / isolation of battery from ocean

In order to conserve battery power during setup and testing in the lab, we require the ability to switch to external power.

Current design:

We currently plug in an external power supply with voltage level set to > 18 V (Li battery pack supply voltage).  A diode prevents current flow  into the battery pack.  There are at least 3 problems with the current design:

a) We have observed that even with the diode present, the Li batteries can be recharged as a result of having the external power supply connected.  These battery packs are not intended to be recharged in this manner so this raises safety concerns

b) Voltage spikes/drops have in the past caused the PIC chip to reset when switching from ext to battery power just prior to deployment.  This has resulted in deployment delays and wasted shiptime.  We have mostly learned how to avoid these problems by carefully dialing down the ext voltage rather than shutting off the ext supply, etc.  

c) The current design allows for the battery + to be in contact with the ocean in the even of a connector failure.  This happened during the last deployment and caused the battery voltage to drain prematurely.  We require either an additional diode to prevent this type of discharge to the ocean or a relay mechanism which engages when the external power is applied.

11. Operating temperature of –2 C to 40 C

The system must be capable of reliable operation in water ranging from –2 C to 40 C.  The system deployed in July 2005 failed in cold water and this failure was reproduced in the lab at around 5 C.  The apparent cause of the failure was the Compact flash card in the Linux computer and was not a PIC board issue.  SanDisk UtlraII or ExtremeIII cards will be used in the new system to hopefully eliminate this issue.  The UltraII worked in cold water deployments during July 2005 and did not fail during lab tests down to +2 C.  The ExtremeIII cards are rated for even lower temperature so are expected to work reliably over the required temperature range.  The new PIC board should be designed and tested for operation in these environmental conditions.
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