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This document defines specifications for a microcontroller firmware for BroadSeis SRD printed circuit boards. Contractor will provide the firmware, the source code and its documentation in English.
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[bookmark: _Toc373753750]BACKGROUND

This document defines specifications for a microcontroller firmware for BroadSeis SRD printed circuit boards. Contractor will provide the firmware, the source code and its documentation in English.

Constants shall be defined and well commented on a specific header file and must be made easily modifiable by a third party.

A synoptique explaining the source code shall be provided at the beginning.

Documentation would include a general architecture schematics and code comments in English

Programming shall be done with an easy distinction between different phases and all comments, including variables shall be in English.

Microcontroller is a PIC16LF1827. It’s an 18 pin device assembled on a Printed Circuit Board. Its behavior is controlled by parameters stored in a memory that can be accessed by RFID (IS0 15693). The microcontroller also stores information on this memory.
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[bookmark: _Toc373753751]Power supply
Power is supplied to microcontroller via 2 pins. 
· Pin 5, VSS: GND network
This pin is connected to PCB ground. It is directly connected to battery pack ground.
· Pin 14, VDD: VDD network
This pin is connected to VDD network. It is connected to main battery through a fuse.


[bookmark: _Toc373753752]Power consumption management
Microcontroller use of low-power modes is optimized to reduce power consumption. Microcontroller operations take about 100 ms. in parallel to these operations, it charges an oscillator. As soon as operations are finished, microcontroller is put into low-power mode and oscillator takes about one second to discharge (0.9 sec.). Oscillator’s output is connected to an interrupt input of the microcontroller that wakes it up to begin next phase of operation.
· Pin 9, RB3: LP1-VDD network
This pin charges the oscillator
· PIN 3, RA4 and PIN 6, RB0: Cycle network
These pins are connected to the output of the oscillator that cycles microcontroller operation.
RB0 is configured as an interrupt to wake up the microcontroller from sleep mode when it reaches a low-level (0.15 x VDD).
RA4 is configured as an analog input that can measure oscillator output voltage but is not used anymore in software.



[bookmark: _Toc373753753]Battery level monitoring
Battery level monitoring involves three pins: 
· Pin 8: RB2/LP0-VDD
This pin is connected to PCB’s LP0-VDD. At high level, it activates the voltage dividers to the battery and the supercapacitor.
· Pin 18: RA1/Vbat1
This pin is connected to the voltage divider to measure battery voltage at the input of the PCB. It is exclusively used as an analog input.
· Pin 2: RA3/Vbat2
This pin is connected to the voltage divider to measure supercapacitor voltage at the input of the PCB. It is exclusively used as an analog input.
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Battery level is expected to be within the range [0, 3.7] V resulting in [0, 1.21] V at divider’s output.
When powering on the device, battery level (VDD) will be considered as too low for operation when lower than 3.55 V that’s to say 1.16 V.
ADC voltage reference will be chosen to be 2.048 V resulting in a LSB of 2 mV. As a consequence, normal battery measurement range will be [580, 604] LSB. A lower value would indicate a low battery. A higher value would indicate a measurement error.
Voltage difference between supercapacitor positive pin and battery positive pin is expected to be lower than 20 mV in normal operation. As a consequence, normal supercapacitor measurement range will be [576, 604] LSB and normal level difference will be [0, 4] LSB. A higher value would indicate an abnormal supercapacitor current consumption.
Values stored in RFID memory bytes 32 and 33 are normalized to the maximum value they can reach: 3700 mV or 604 LSB.

	Measurement
	Stored value

	0 to 349 LSB
	0 LSB

	X from 349 to 604 LSB
	X-349 LSB

	605 to 1023 LSB
	255 LSB



If measured value is lower than 349 LSB, stored value is 0x00. If measured value is higher than 604 LSB, stored value is 0xFF.


[bookmark: _Toc373753754]PCB output control and monitoring
· Pin 11, RB5: Check-Fire network
This pin activates PCB’s output voltage measurement.
· Pin 16, RA7: FIRE network 
This pin is connected to PCB’s FIRE output. It is exclusively used as an output whose level must remain low? except when the activation is wanted.
· Pin 1, RA2: VFIRE network
This pin is connected to the voltage divider to measure voltage at the FB- output of the PCB. It is exclusively used as an analog input.

When “Check-fire” network is activated, output load is placed between FB+ and PCB’s ground in serial with a reference resistor (470 Ω). Measuring the voltage between both ends of this reference resistor allows checking the resistance of the output load that is expected to be within the range [1.5, 3] Ω.
As a consequence, voltage between both ends of this reference resistor should be within the fraction range [99.3, 99.7] % of FB+. FB+ is also a fraction of VDD. Using VDD as a reference for the ADC, it is possible to measure FB+ then voltage between both ends of the reference resistor. The voltage difference between these two resistors has to be within the range [3, 7] LSB.

Last eight bits of measured values are stored in RFID memory bytes 46 and 47.
If measured value is lower than 769 LSB, stored value is 0x00.
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[bookmark: _Toc373753755]Pressure sensing
Pressure measurement involves 3 pins.
· Pin 9, RB3: LP1-VDD network
This pin activates depth measurement. When sets to high-level, it activates current regulator (U2) that controls the current flowing into the pressure transducer (0.285 mA).
[image: ]

· Pin 12, RB6: ISens-Check network
This pin is connected to a resistor in serial with the pressure transducer to measure the current that it draws. It is used here as an analog input.
As the nominal value of the resistor is 470 Ω and as the nominal current flowing through the pressure transducer is 0.285 mA, the nominal measurement voltage is 0.134 V. As a consequence, this measurement must always be within the range [0.12, 0.15] V; that’s to say within [60, 75] LSB.
· Pin 17, RA0: Ana_Pressure network
This pin is connected to pressure transducer’s amplifier output to measure ambient pressure. It is exclusively used as an analog input.

Current and output measurements are stored periodically in memory: during initialization phase, bytes 36 to 39, and during each PCB check, every 60 cycles in stand-by and operation phases, bytes 40 to 43.
When PCB output is activated, last output measurement is stored in bytes 44 and 45.
[bookmark: _Toc373753756]Microcontroller programming
Microcontroller programming uses the technique called “In-Circuit Serial Programming” (ICSP).
It involves 5 pins (including power (VDD) and ground (VSS)) but also:
· Pin 13, RB7: ICSPDAT network.
This connected to ICSPDAT network. It is only used to load firmware in microcontroller.
· Pin 12, RB6: ICSPCLK network. 
This connected to ICSPCLK network. It is only used to load firmware in microcontroller.
· PIN 4, RA5
This connected to MCLR/ input of the PCB. It is only used as MCLR/ input (Master Clear with internal pull-up).
It is enabled by clearing LVP bit in second configuration word (“configuration word 2”) or by setting MCLRE bit in first configuration word (“Configuration word 1”).

[bookmark: _Toc373753757]LED flashing
Flashing LED is controlled via one pin of the device (Pin 15, RA6). This pin is connected to PCB’s LED output through a resistance used to adjust the current flowing through the LED. It is exclusively used as an output whose level must remain low, except when the LED is wanted to flash.


[bookmark: _Toc373753758]Communication with RFID memory
The PCB includes an RFID memory which communicates with the microcontroller through its inter-integrated circuit (I²C) interface. It involves 3 pins:
· Pin 7, RB1: SDA network
This pin is connected to memory’s SDA input. It is used to communicate with the memory. 
· Pin 10, RB4: SCLK network
This pin is connected to memory’s SCLK input. It is used to communicate with the memory.
[bookmark: _Toc373753759]Communication protocol
On this I²C communication bus, microcontroller is the master, RFID memory is the only slave.
RFID memory is a M24-LR-64. Communication protocol is defined in user manual attached to this document.
[bookmark: _Toc373753760]Memory format
Memory format is defined by the following table.
[image: ]

[bookmark: _Toc373753761]FIRMWARE DESCRIPTION
[bookmark: _Toc373753762]Overview
When the microcontroller is powered on, during a first phase called «INITIALIZATION», the firmware do several routine initializations and checks. If this phase is successful, it goes to «STAND-BY» phase. During «STAND-BY» phase, microcontroller is waiting for a defined sequence of event to go to «OPERATION» phase. During «OPERATION» phase, microcontroller is waiting for a defined sequence of events to activate the output of the PCB or to go back to «STAND-BY» phase. If this activation occurs, it goes to «error» phase.

If an error occurs during all these phases, microcontroller goes to «ERROR» phase during which it stays until errors are cleared. Then it goes back to «INITIALIZATION» phase. During «ERROR» phase, it indicates to the operator this error status. 
Microcontroller only stops when powered off. 
«ERROR» LED is flashing every cycle 1 sec (0.9 sec) instead of every 3 cycles 3 sec (2.7 sec)

Power is managed by the insertion and removal of the magnetic safety pin.
	Magnetic pin «IN»  Power OFF 
	Magnetic pin «OUT»  power ON
Initialization
Stand-by
Operation
Error
Power ON reset
OK
OK
OK
OK
NOK
NOK
NOK

A watchdog timer checks that each cycle of these phases is performed within the expected duration. In case of any error, an interrupt sends the programm to error phase and a watchdog error bit is updated in RFID memory.
	
	Initialization
	Stand-by
	Operation
	Error

	Watchdog error
	1.3 s
	20 ms.
	20 ms.
	20 ms.



Periodic checks are done during all these phases to prevent any unexpected activation.
 
	
	Initialization
	Stand-by
	Operation
	Error

	Output load presence
	YES
	YES
	-
	-

	Pressure measurement
	YES
	YES
	YES
	YES

	Sensor current
	YES
	YES
	YES
	YES

	Timer (1 sec)
	YES
	-
	-
	-

	Main battery
	YES
	-
	-
	-

	Supercapacitor
	YES
	-
	-
	-

	EEPROM
	YES
	YES
	YES
	YES







[bookmark: _Toc373753763]«Initialization» phase
When the microcontroller is powered on, during a first phase called «Initialization», the firmware do several routine initializations and checks. If this phase is successful, it goes to «stand by» phase. Otherwise, it goes to «error» phase.
 
ERROR phase
To initialize internal variables
STAND-BY phase
To read and verify configuration bytes

To check status and update ERROR_STATUS
OK
NOK
To read and verify calibration bytes
 
To initialize configuration bytes to default values
NOK
OK
To initialize calibration bytes to default values
NOK
OK
To initialize registers and inputs/outputs
 
Power On reset
ERROR Phase (i.e. EEPROM)
ERROR Phase (i.e. EEPROM)
NOK
NOK






[bookmark: _Toc373753764]To read and verify configuration bytes
Microcontroller reads bytes 4 to 7 and 20 to 29 of the memory and compare them with their checksum located in bytes 30 and 31.
[bookmark: _Toc373753765]To initialize configuration bytes to default values
Microcontroller accesses memory as soon as available for writing and modifies the fields for serial number, activation depth and filter with their default values.
Serial number: ASCII “0123456789”
Activation depth: 50 m
Filter: 1
[bookmark: _Toc373753766]To read and verify calibration bytes
Microcontroller reads bytes 8 to 17 of the memory and compare them with their checksum located in bytes 18 and 19.
[bookmark: _Toc373753767]To initialize calibration bytes to default values
Microcontroller accesses memory as soon as available for writing and modifies the fields for calibration parameters with their default values.
CAL_OFFSET: 60 bits
CAL_MEAS0: 239 bits
CAL_MEAS1: 419 bits
CAL_DEPTH0: 50 m
CAL_DEPTH1: 100 m

[bookmark: _Toc373753768]To initialize internal variables and constants
Microcontroller computes activation depth equivalent in bits using following formula where X is the activation depth in meters.




Microcontroller also sets values for status limits:
BAT_MIN [580 LSB] and BAT_MAX [604 LSB] are the minimum and maximum acceptable values for measured battery level when powering the device.
FLOT_MIN [3 LSB] and FLOT_MAX [7 LSB] are the minimum and maximum acceptable values for measured difference between FB+ and flotation bag level during normal operation.
SENSOR_MIN [bits] and SENSOR_MAX [bits] are the minimum and maximum acceptable values for measured sensor level during normal operation.
RC_MIN [25600 counts] and RC_MAX [35200 counts] are the minimum and maximum acceptable values for clock level during normal operation.
OPE_DEPTH [bits] and OPE_COUNT [120 count] specifies the transition depth (3 m) and timer (about 2 min (120 cycles) between STAND-BY phase and OPERATION phase
STANDBY_CNT, ACT_CNT and ERR_CNT are local variable integers used for counting cycles. They are initialised at 0.
[bookmark: _Toc373753769]To check status and update ERROR_STATUS
Microcontroller measures successively timer duration, battery, flotation bag and sensor levels. It compares these measurements to minimum and maximum acceptable values during normal operation. If any of these measurements is not within the acceptable range, microcontroller goes to “error” phase, otherwise it goes to “stand-by” phase. 
At the end of these checks, microcontroller accesses memory as soon as available for writing and updates ERROR_STATUS field.

Timer duration is measured by charging the oscillator over 10 ms. and counting time needed by RB0 interrupt to trigger the microcontroller. Measured value should be within [0.8, 1.1] s.
Other measurements are described with more details in “ERROR” phase chapter. 

[bookmark: _Toc373753770]	 “Stand-by” phase
During «STAND-BY» phase, microcontroller is waiting for a defined sequence of pressure to go to «operation» phase. If an error occurs, microcontroller goes to «error» phase. 

ERROR phase
To power OFF pressure sensing and timer

To power ON pressure sensing and timer

To compare sensor current level to acc. range
To wake up on timer interruption
To measure pressure and sensor current level
 
Increase STANDBY_CNT. Compare it to OPE_CNT (120)
2 min
NOK
Reset STANDBY_CNT
NOK
OK
Over 10 ms.
To check status and update ERROR_STATUS
Every 60 cycles
OPERATION phase
To compare pressure level to OPE_DEPTH (3 m)
If >
To put microcontroller in ultra-low-power mode
If <
If  <
If >
To briefly power ON LED output
OK
OPERATION phase
Every 3 cycles
Reset STANDBY_CNT
INITIALIZATION phase
ERROR phase
Reset STANDBY_CNT






[bookmark: _Toc373753771]To check status and update ERROR_status
To minimize power consumption this action is done once every 60 cycles. A local counter will manage this periodicity.
Microcontroller measures successively flotation bag and sensor level. It compares these measurements to minimum and maximum acceptable values during normal operation. If any of these measurements is not within the acceptable range, microcontroller goes to “error” phase, otherwise it goes to “stand-by” phase. 
At the end of these checks, microcontroller accesses memory as soon as available for writing and updates ERROR_STATUS field.

These measurements are described with more details in “ERROR” phase chapter.
Battery level is not checked.
[bookmark: _Toc373753772]To power ON pressure sensing and timer
Microcontroller turns its LP1-VDD output (RB2) to positive level.
[bookmark: _Toc373753773]To measure pressure and sensor current level
Levels at RA0 and RB6 are measured and average over 100 ms. 
[bookmark: _Toc373753774]To power ON pressure sensing and timer
Microcontroller turns its LP1-VDD output (RB2) to zero.
[bookmark: _Toc373753775]To compare sensor current level to accepted range
Microcontroller compares averaged measurement at RB6 input to accepted range (SENSOR_MIN and SENSOR_MAX). If this measurement is not within the acceptable range, microcontroller accesses memory as soon as available for writing and updates ERROR_STATUS field. Then, it goes to “error” phase.

[bookmark: _Toc373753776]To briefly power ON LED output
This action is done once every 3 cycles. A local counter will manage this periodicity.
Microcontroller turns its FLASH_LED output (RA6) to positive level for 10 ms. and then turns it back to zero again.
[bookmark: _Toc373753777]To compare pressure level to OPE_DEPTH
Microcontroller compares averaged measurement at RA0 input to OPE_DEPTH.
[bookmark: _Toc373753778]To increase STANDBY_CNT and compare it to OPE_COUNT
If this measurement is greater than OPE_DEPTH, a local counter “STAND-BY_CNT” is increased and compared to OPE_CNT.
[bookmark: _Toc373753779]RESET STANDBY_CNT
Microcontroller set STAND-BY_CNT to zero.
[bookmark: _Toc373753780]To put microcontroller in ultra-low-power mode
Microcontroller is set to ultra-low-power mode and configured to wake-up when RB0 will reach a low value.


[bookmark: _Toc373753781]“Operation” phase
During «OPERATION» phase, microcontroller is waiting for a defined sequence of events to activate the output of the PCB or to go back to «STAND-BY» phase. If an error occurs, microcontroller goes to «ERROR» phase. 
ERROR phase
To power OFF pressure sensing and timer

To power ON pressure sensing and timer

To compare sensor current level to acc. range
To wake up on timer interruption
To measure pressure and sensor current level
 
Increase ACT_CNT and compare to FILTER (default 5)
NOK
Reset ACT_CNT
NOK
OK
Over 10 ms.
To read and verify configuration bytes

ERROR phase
To compare pressure level to ACT_DEPTH (default 50m)

If >
To put microcontroller in ultra-low-power mode
If <
If  <
If >
OK
STAND-BY phase
Reset ACT_CNT
To activate PCB output
To compare pressure level to OPE_DEPTH
If >
If <
ERROR phase
Reset ACT_CNT



[bookmark: _Toc373753782]To read and verify configuration bytes
Microcontroller reads bytes 4 to 7 and 20 to 29 of the memory and compare them with their checksum located in bytes 30 and 31.
Microcontroller computes activation depth equivalent in bits using following formula where X is the activation depth in meters.


[bookmark: _Toc373753783]To power ON pressure sensing and timer
Microcontroller turns its LP1-VDD output (RB2) to positive level.
[bookmark: _Toc373753784]To measure pressure and sensor current level
Levels at RA0 and RB6 are measured and average over 100 ms. 
[bookmark: _Toc373753785]To power OFF pressure sensing and timer
Microcontroller turns its LP1-VDD output (RB2) to zero.
[bookmark: _Toc373753786]To compare sensor current level to accepted range
Microcontroller compares averaged measurement at RB6 input to accepted range (SENSOR_MIN and SENSOR_MAX). If this measurement is not within the acceptable range, microcontroller accesses memory as soon as available for writing and updates ERROR_STATUS field. Then, it goes to “error” phase.
[bookmark: _Toc373753787]To compare pressure level to ACT_DEPTH
Microcontroller compares previously averaged measurement at RA0 input to previously computed ACT_DEPTH. 
[bookmark: _Toc373753788]To compare pressure level to OPE_DEPTH
Microcontroller compares previously averaged measurement at RA0 input to previously computed OPE_DEPTH.
[bookmark: _Toc373753789]To activate PCB output
Microcontroller activates PCB output by setting up RA7 output for 3 seconds.
As a consequence FIRE network is sets up for 3 seconds and PCB output is connected between FB+ and PCB ground.
[bookmark: _Toc373753790]To put microcontroller in ultra-low-power mode
Microcontroller is set to ultra-low-power mode and configured to wake-up when RB0 will reach a low value.



[bookmark: _Toc373753791]“Error” phase
 RESET ERR_CNT

To power OFF pressure sensing and timer

To compare sensor current level to acc. range

To wake up on timer interruption
NO
Over 10 ms.
To power ON pressure sensing and timer

To put microcontroller in ultra-low-power mode
INITIALIZATION phase
STAND-BY phase
OPERATION phase
To increase ERR_CNT
To measure pressure and sensor current level

To compare sensor output level to acc. range
To update STATUS byte in memory

To compare PCB output level to acc. range
ERR_CNT >= 60 ?
STAND-BY phase
STATUS ?
OK
NOK
To briefly power on LED
YES
Watchdog or Software error


[bookmark: _Toc373753792]To power ON pressure sensing and timer
Microcontroller turns its LP1-VDD output (RB2) to positive level.
[bookmark: _Toc373753793]To measure pressure and sensor current level
Levels at RA0 and RB6 are measured and average over 100 ms. 
[bookmark: _Toc373753794]To power OFF pressure sensing and timer
Microcontroller turns its LP1-VDD output (RB2) to zero.
[bookmark: _Toc373753795]To check ERR_CNT
[bookmark: _Toc373753796]TO RESET ERR_CNT
[bookmark: _Toc373753797]To increase ERR_CNT
[bookmark: _Toc373753798]To compare sensor current level to accepted range
Microcontroller compares averaged measurement at RB6 input to accepted range (SENSOR_MIN and SENSOR_MAX). If this measurement is not within the acceptable range, microcontroller accesses memory as soon as available for writing and updates ERROR_STATUS field. Then, it goes to “error” phase.
[bookmark: _Toc373753799]Status and update ERROR_status
To minimize power consumption this action is done once every 60 cycles. A local counter will manage this periodicity.
Microcontroller measures successively flotation bag and sensor level. It compares these measurements to minimum and maximum acceptable values during normal operation. If any of these measurements is not within the acceptable range, microcontroller goes to “error” phase, otherwise it goes to “stand-by” phase. 
At the end of these checks, microcontroller accesses memory as soon as available for writing and updates ERROR_STATUS field.

These measurements are described with more details in “ERROR” phase chapter.
Battery level is not checked.
[bookmark: _Toc373753800]To briefly power ON LED output
This action is done once every 3 cycles. A local counter will manage this periodicity.
Microcontroller turns its FLASH_LED output (RA6) to positive level for 10 ms. and then turns it back to zero again.

[bookmark: _Toc373753801]To put microcontroller in ultra-low-power mode
Microcontroller is set to ultra-low-power mode and configured to wake-up when RB0 will reach a low value.






















[bookmark: _Toc373753802]BROADSEIS SRD, PCB drawing
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Rev N

ADRESS ADRESS NAME FUNCTION

0 0 VERSION Microcontroller software version (current v15)

1 1 CTRL_MODULE

If Bit 1 is set, RF access to memory in progress => µC has to wait before doing any action

If Bit 2 is set, Diagnostic mode, RF operation in progress

If Bit 3 is set, Synchronisation bit, µC waits for bit setting before doing any action

2 2 STATUS_MODULE If Bit 1 is set,  µC access to memory in progress  => RF has to wait before doing any action

3 3 ERROR_STATUS

Bit 0, output load presence error

Bit 1, pressure measurement error

Bit 2, sensor current error

Bit 3, timer error

Bit 4, main battery voltage error

Bit 5, supercapacitor voltage error

Bit 6, EEPROM error

Bit 7, watchdog error

4 4 Debug Not used: 0x0

5 5 Activation_Depth Activation depth from 0 to 180 m

6 6 Filter_MSB Number of values above activation depth before activation

7 7 Filter_LSB

8 8 CAL_MEAS0_MSB Measurements in bits (0 to 1023) at CAL_DEPTH0

9 9 CAL_MEAS0_LSB

10 A CAL_MEAS1_MSB Measurements in bits (0 to 1023) at CAL_DEPTH1

11 B CAL_MEAS1_LSB

12 C CAL_DEPTH0_MSB Applied depth at first calibration step in meters

13 D CAL_DEPTH0_LSB

14 E CAL_DEPTH1_MSB Applied depth at second calibration step in meters

15 F CAL_DEPTH1_LSB

16 10 CAL_OFFSET_MSB Measurements in bits (0 to 1023) at calibration initialization (no applied pressure/depth)

17 11 CAL_OFFSET_LSB

18 12 CAL_CHECK_SUM_MSB Calibration CheckSum over 10 bytes (RED zone)

19 13 CAL_CHECK_SUM_LSB

20 14 Serial_number 0

21 15 Serial_number 1

22 16 Serial_number 2

23 17 Serial_number 3

24 18 Serial_number 4 Serial number 10 bytes ASCII chain

25 19 Serial_number 5

26 1A Serial_number 6

27 1B Serial_number 7

28 1C Serial_number 8

29 1D Serial_number 9

30 1E CHECK_SUM_GENE_MSB General CheckSum over 16 bytes (BLUE zone)

31 1F CHECK_SUM_GENE_LSB

32 20 BAT_LEVEL_LSB Normalized battery level

33 21 CAP_LEVEL_LSB Normalized supercapacitor level

34 22 PERIOD_MSB Measured period in cycles

35 23 PERIOD_LSB

36 24 ANA_PRESS_INIT_MSB Measured pressure during last initialization phase

37 25 ANA_PRESS_INIT_LSB

38 26 ISENS_INIT_MSB Measured sensor current during last initialization phase

39 27 ISENS_INIT_LSB

40 28 ANA_PRESS_CHECK_MSB Measured pressure during last check

41 29 ANA_PRESS_CHECK_LSB

42 2A ISENS_CHECK_MSB Measured sensor current during last check

43 2B ISENS_CHECK_LSB

44 2C ANA_PRESS_ACTIV_MSB Measured pressure during last activation

45 2D ANA_PRESS_ACTIV_LSB

46 2E FB_BEFORE_LSB Last eight bits of flottation bag negative output level when not tested

47 2F FB_CHECK_LSB Last eight bits of flottation bag negative output level when tested
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