MLA Flight Software User Guide

Spacecraft Communication

The MLA instrument communicates to the Messenger spacecraft over a redundant RS-422 UART interface.  On the spacecraft side of this connection, a Data Processing Unit (DPU) relays all commands received by the spacecraft to the appropriate instrument, and collects all telemetry generated by each instrument and sends it to the spacecraft to be recorded and transmitted.  On the MLA instrument, all communication to the DPU is handled by the CPU board which uses a redundant external UART to receive all commands and transmit all telemetry.

As noted before, this system is redundant.  The spacecraft has two DPUs: A and B; and the MLA instrument has two external UARTS, also named A and B, which are connected only to their respective DPUs (A for A, and B for B).  Only one DPU can be active at a time, and the only way they can be switched is if the spacecraft powers the MLA instrument down, switches which DPU is active, and then re-powers the MLA instrument back up.

At startup, the active DPU will generate a 1Hz signal (1PPS) that is transmitted to the MLA instrument.  This 1PPS will cause the CPU board FPGA to generate one of two interrupts: A-Side 1Hz, or B-Side 1Hz corresponding to the DPU that is active.  The first interrupt of the two the flight software detects determines which external UART it will configure to communicate over.  Once it selects the UART it will mask off the two interrupts, and only communicate over the selected UART (until the software is rebooted which starts the process over again).  If at startup, the 1Hz signal is never generated by a DPU and therefore never detected by the flight software, the PROM boot loader code will not be able to receive commands, nor will it generate any telemetry, and the software will remain stuck in the boot loader.
I. Commanding the MLA Instrument

I.A. Commanding

(What) In this document is a list and explanation of operational commands.  The MLA Flight Software includes over a hundred commands which enable very detailed and powerful control over the operation of the flight software.  Most of those commands are not appropriate to use during operation but are intended for development and diagnostic purposes.  The commands described below provide 100% of the control needed to operate the MLA instrument.

(How) When a command is sent to the flight software a number of things occur to process that command.  The following is the sequence of events.

1. User of GSE issues a command to the flight software

2. An ITF containing a command packet is sent to the flight software

3. The DPU-Input task (DI) receives the ITF, extracts the command packet and sends it on the software bus to the Command-Processor task (CP), which buffers it on its command queue.

4. CP, which is pending on the command queue, is woken up and begins to process the first item on the queue (the queue is FIFO).

5. The command packet contains a script ID and parameters.  CP first looks in a RAM table to see if there is a script there with the desired script ID.  If not, it then looks in a table in EEPROM bank 1 (non-write protected).  If not there, it finally looks for the script in EEPROM bank 2 (write-protected).  

6. If CP does not find the script it issues an alarm “CP_err_smg_undefined”.  If there are other problems with the script tables that CP encounters  while searching for the script it will issue an associated alarm immediately and stop searching (for example, if all the tables are empty CP will issue “CP_err_no_stored_cmds”)

7. Once CP has found the script, it allocates a dynamic memory software bus packet, copies the contents of the script into that packet, copies in the parameters, and sends the packet to itself. 

8. CP then begins interpreting the new packet containing the script.

9. CP will use the parameters passed into the script as needed.  Therefore, if there are too many parameters supplied, the extra parameters are ignored and no error is generated.  If there are too few parameters supplied, then when CP goes to get the lacking parameters, it will fail and generate an error.

10. If CP encounters an error, either explicitly requested by the script itself, or an error that occurred in the process of executing the script, CP aborts, and issues the appropriate alarm.

11. When the script finishes (or is aborted), the CP task increments the command accept and reject counters appropriately as well as setting the command result word which consists of the opcode just executed as well as the alarm code generated (zero if no alarm was generated).

12. CP then frees the software bus packet containing the script, and pends on the command queue for the next command packet.

(When) As a result of the above schema, the command rate is not explicitly limited.  As soon as CP receives a command it immediately begins to process it.  It will not begin processing another command until the current one is finished.  There is a packet depth of 16 on the command queue, which means that if the rate that commands are being sent to CP exceeds the rate CP is able to finish executing commands, for a long enough time that 16 commands back up in the queue, the next command that gets sent will be dropped and an alarm will be issued.  In practice, most commands execute in a few milliseconds; the ones that don’t are limited to memory management and diagnostic commands.  The only command discussed in this document that exceeds a few milliseconds in execution is the Mla_Mem_Check command – and it spawns another low priority process to execute, thereby enabling new commands to be executed (from the perspective of CP, the command immediately finishes executing as soon as the new process is spawned).

(Conventions)

· When the term flight software is applied it refers to the EEPROM code

· All functionality present in the Boot Loader will be explicitly stated

· Unless otherwise stated, all commands apply only to the flight software

· When the term Keep Alive is used, it refers to both the Boot / Keep Alive and Application / Keep Alive modes.  When something only applies to one of those modes, it will be explicitly stated.

· The terms Standby and Science mode are short for Application / Standby and Application / Science mode.

· The terminology B8 or B16 means that the value needs to be binary shifted to the right by 8 or 16 respectively in order to be used.  If a number is in B8 mV units, and has a value of 16000, then the actual mV reading is 16000 >> 8 (or 16000 / 256) which is 62.5.  This convention is used to represent fixed point rational numbers as integers.

· The ground system GSEOS is referred to a limited number of times throughout this guide.  During operations GSEOS may or may not be used (at the time of this writing, GSEOS is planned on being used only as a decoder and display of telemetry with no commanding capabilities).  Therefore, functionality provided by GSEOS and described in this guide is clearly marked as dependent upon the use of GSEOS. 

I.B. Booting

When the MLA instrument is powered on, the power-on reset state of the software is the Boot Loader code.  Every time the CPU board is powered on or reset, the Boot Loader executes.  From the Boot Loader, a command is required to signal to the software that the Boot Loader should load the flight software out of EEPROM, into SRAM and jump execution to it.  

There are three ways to reset the MLA instrument: a processor reset, a FPGA watchdog timeout, and a spacecraft power off/on.  All three ways are able to be commanded through the use of the following commands: Mla_Soft_Reset, Mla_Rom_Boot, Mla_Request_Pwr_Off.  There is, on the other hand, only one way to go from the PROM Boot Loader code to the EEPROM flight software code, and this is by processing a load directive.  A load directive is a structure in memory used by the Boot Loader that contains instructions on where and how to initialize SRAM, as well as where to copy sections of EEPROM code and data into SRAM to be executed.  There are two commands that cause the Boot Loader to process a load directive: Mla_Rom_Boot, Mla_Rom_Go.  

Mla_Soft_Reset – issuing this command will execute an 80x196 processor reset instruction.  The processor as well as the FPGA will reset.  The flight software will come up in the same state it would if the board was being powered on – executing the Boot Loader code in PROM.  It takes 8 seconds from the time this command is sent for the board to reset and the Boot Loader to become active.  

Mla_Rom_Boot – issuing this command from the Boot Loader will process a load directive which initiates a sequence of processes that will initialize SRAM, copy the flight software code in EEPROM to SRAM, and then jump execution to the EEPROM code now in SRAM.  The command first looks at the default load directive stored at address 0 of EEPROM (0x80000 in flight software) and tries to process that load directive.  If it fails due to a checksum failure, it will go to the default load directive stored at address 0x20000 of EEPROM (0xA0000 of flight software).  It will then attempt to process that load directive.  If that load directive fails due to a checksum failure, it will go back and process the first load directive at address 0 of .  The purpose of this scheme is to be able to have two code images in EEPROM – one residing in the non-write protected EEPROM (0 – 0x1FFFF), and the other residing in the write-protected EEPROM (0x20000 – 0x3FFFF).  When this command is issued from the Boot Loader it takes 10 seconds to process.  Issuing this command from the EEPROM flight software will cause the flight software to go into an infinite loop, which will intentionally cause a watchdog reset.  In the flight software this command takes 16 seconds to execute.  

Mla_Request_Pwr_Off – issuing this command from the EEPROM flight software will set the “request power off” bit in the Mla_MocStatus section of the ITF being sent out by the flight software, which will signal the spacecraft DPU to power the MLA instrument off.  

I.C. Changing FSW Modes

In the EEPROM flight software there are four modes of operation:

1. Boot / Keep Alive

2. Application / Keep Alive

3. Application / Standby

4. Application / Science

When the EEPROM flight software begins executing after the Boot Loader loads it, the mode is Boot / Keep Alive.  Once the transition is made to Application / Keep Alive, the only way it can go back is to reset the software and come up from the Boot Loader again.  Once in Application / Keep Alive, the only legal transition (excluding a reset) is to Standby.  From Standby, the software can go back to Application / Keep Alive or transition to Science.  Again, once in Science mode, the software can go back to Standby or directly back to Application / Keep Alive.


The following environments are present with each of the modes

1. Boot / Keep Alive & Application / Keep Alive

a. From the standpoint of the flight software, there is no difference between these two modes, except the fact that once you transition to Application mode, you cannot return to Boot mode.

b. Mla_Status packet is defaulted to once every 600 seconds.  No other telemetry defaults on.

c. If the hardware diagnostic packets (full or lite) were commanded to be on, they would not be generated because they are directly related to the presence of the RUPT.

d. The software diagnostic could be commanded on and it would be generated at a 1 Hz rate.

e. The PCA is in low power mode and the Laser is powered off.  

f. Because the PCA is in low power mode, the RMU is powered off; therefore we are not receiving any RUPTS.

i. We are not scheduling the science data collection task

ii. We are not scheduling the science algorithm task

iii. There are no DACs being commanded

iv. There are no accesses to the RMU electronics

g. At 1Hz, ADCs are being commanded on all temperatures and voltages

2. Standby

a. Mla_Status packet is defaulted to once every 600 seconds.  No other telemetry defaults on.

b. If the hardware diagnostics light packet is commanded, it would be generated at an 8Hz rate.

c. If the software diagnostics packet is commanded on, it would be generated at a 1Hz rate.

d. The PCA is configured to high power mode and the Laser is powered off.

e. Because the PCA is powered on the RMU is on and is generating RUPTS.

i. The science data collection task is scheduled and reads all of the RMU data at 8Hz (a direct result of the RUPT).

ii. The science algorithm task is scheduled, but performs no calculations.  It simply is woken up, bumps the execution counter, and goes back to sleep.

iii. There are no DACS being commanded

f. At 1Hz rate, ADCs are being commanded on all the temperatures and voltages

3. Science

a. Mla_Status packet is defaulted to once every 16 seconds.

b. Mla_ScienceRaw packet is generated every second

c. If the software diagnostics packet is commanded on, it would be generated at a 1Hz rate.

d. The PCA is configured to high power mode and the Laser is powered on.

e. Because the PCA is in high power mode and the Laser is powered on, the RMU is on, and when it sends the fire command to the Laser, the Laser fires and produces detected return pulses.

i. The science data collection task is scheduled and reads all of the RMU data at 8Hz (a direct result of the RUPT).

ii. The science algorithm task is scheduled, and performs the algorithms on the collected data.

iii. All 6 DACs are commanded each second.

f. At 1Hz rate, ADCs are being commanded on all the temperatures and voltages

** Note: Operationally, the hardware diagnostic full packet can never be commanded on without overloading the memory.  The reason is that the hardware defined limit on the ITF size is smaller than the amount of telemetry the hardware diagnostic packet produces.

Mla_Mem_Run – issuing this command in the flight software causes the flight software to go from Boot / Keep Alive mode to Application / Keep Alive mode.  See I.M.  APL GIIS Maintenance section for a description of this command in the Boot Loader.

Mla_Goto_Keep_Alive – issuing this command in the flight software causes the flight software to transition to Keep Alive mode regardless of what mode it is in.  (If the mode is Boot / Keep Alive, it will stay that way.  If the mode is Application / Keep Alive it will stay that way.)  If the previous mode was Science, this command unmaps the time packet going to the science task.  Regardless of the current mode (even if the mode is Keep Alive), the command performs the following:  

1. Configures the PCA to low power mode.  

2. Configures the Laser to disabled.  

3. Generates the following event message “SCRIPT_Transition_To_Keep_Alive.”   

4. Disables spacecraft MET checking.  

5. Sets the Status Packet interval to 600 seconds.

Mla_Goto_Standby – issuing this command in the flight software causes the flight software to transition to Standby mode given that the current mode is any mode except for Boot / Keep Alive in which case it will issue the following alarm: “SCRIPT_Failure_To_Enter_Standby .”  If coming from Science mode, the command unmaps the spacecraft time message going to the science task.  If coming from Application / Keep Alive, the command sets a startup flag used by the science data collection task.  Regardless (including when it is in Standby mode already), the command will always perform the following: 

1. Configures the PCA to high power mode.  

2. Configures the Laser to disabled.  

3. Disables spacecraft MET checking.  

4. Sets the Status Packet interval to 600 seconds.  

5. Generates the following event “SCRIPT_Transition_To_Standby.”

When the RMU is turned on after it is off for any length of time, the first RUPT could occur anywhere in the second.  The normal operation of the RMU is to configure it to run off of an external clock and to have it synchronized to the 1PPS coming from the spacecraft.  Unfortunately there is a possibility that when we synch to the 1PPS, the RUPT will occur as the software is reading the data from the RMU – this is a violation of the interface between the RMU and the CPU.  The RMU marks this in a status register, which unfortunately cannot be cleared short of an RMU reset.  To get around these problems, the software has a three second startup state.  As soon as the first RUPT is received, the science data collection task (which is scheduled by the RUPT) begins to run, but will not read or write to the RMU for the first 3 seconds worth of RUPTS.  Meanwhile, a background task running at 1Hz (and already synchronized to the 1PPS) is commanding the RMU to run off of the external clock A, and synch to the 1PPS.   After 3 seconds, it analyzes the RUPT counters and determines if a RUPT is being generated, and looks to see if the status bits in the RMU are correct.  If they are incorrect, it commands an RMU reset.  If they are correct, it releases the startup flag and allows the science data collection task to begin collecting data.  (It is important to note, that the first 3 seconds of RMU data after the RMU is powered on is impossible to capture.  The hardware diagnostics packets do not get generated either, even if commanded on for the first 3 seconds). 

Mla_Goto_Science – issuing this command in the flight software causes the flight software to transition to Science mode given that the current mode is Standby.  If the current mode is any other mode except for Standby it issues the following alarm message: “SCRIPT_Failure_To_Enter_Science.”  If the current mode is Standby the following actions are performed by the command: 

1. The spacecraft time message is mapped to the science task.

2. PCA is configured to high power mode

3. Laser is powered on

4. All four channels (1 Hi, 1 Lo, 2, 3) are initialized to enabled

5. Range Gate Start initialized to 0x1068

6. Range Gate Stop initialized to 0x67E8

7. Ch1 Hi Threshold initialized to 250, the other three channel thresholds initialized to 180 DAC counts

8. Tx Threshold initialized to 15 DAC counts

9. VGA Gain initialized to 226 DAC counts

10. Spacecraft MET checking is enabled

11. Mla_Status packet interval set to once per 16 seconds

12. SCRIPT_Transition_To_Science event generated

After this command is issued, the science task will be executing the algorithms, and producing science packets.

I.D. Changing Science Algorithm Modes

There are three modes that the science algorithms run in: 0,1,2.  All three modes are explained in detail in the science algorithm document written by Jan McGarry (“MLA Flight Software Algorithms” version 1.34; February 12, 2003).  These modes apply exclusively to the science task’s operation when the flight software is in Application / Science mode.

In the flight software, there are two data points associated with the science algorithm modes.  First is the designated mode, and second is the current mode.  The designated mode is the science algorithm mode that the software wants to be in.  The default designated mode is 1.  The current mode is the science algorithm mode that the science task is actually operating in.  Due to various conditions, these two modes are not always the same.  Currently, the flight software has only implemented modes 0 and 1, and therefore prohibits the designated mode from being 2.

When the flight software first enters Science mode, the science task initializes itself to mode 0 and stays there for MODE0_START_TIME seconds (value of 3 at launch).  At that point it attempts to transition to the designated algorithm mode.  If the designated mode is 0, then nothing is done.  If the designated mode is 1, then it checks the spacecraft range message, and if the range is valid, it will transition to mode 1.  If an error condition is detected in mode 1 for a predefined amount of time, the science task will autonomously transition back to mode 0, and will stay there until the flight software transitions out of Science mode and back in.  The following are the error conditions detected in mode 1 that will transition the science task back to mode 0:

1. Rdot is out of range for SCRAFT_RANGE_ERR_CNT seconds

2. Spacecraft Range is invalid (value of 0x0000 or 0xFFFF) for SCRAFT_RANGE_ERR_CNT seconds

3. Erroneous spacecraft range packet received for SCRAFT_RANGE_ERR_CNT + 2 seconds

4. No spacecraft range packet received for SCRAFT_RANGE_ERR_CNT  + 2 seconds

** SCRAFT_RANGE_ERR_CNT is 10 at launch

Each condition requires that the error occur for consecutive seconds.  If one error condition is pre-empted by another error condition in the middle of its time period, it is the latest error condition’s time period that gets used.  For example, if the Rdot is out of range for 4 seconds, and then the spacecraft range packet is stopped being received, the amount of time left before the science task transitions to mode 0 is 8, because the latest error condition is the failure to receive a range packet and the time period for that is 12 seconds.

Mla_Sci_Algo_Mode (AlgoMode) – issuing this command in the flight software will set the science algorithm designated mode to the parameter AlgoMode.  This command should only be used in Keep_Alive or Standby flight software modes.  If used in those modes, the next time the flight software transitions to Science mode, the designated mode will take affect according to the rules discussed above.  If this command is sent in Science mode, it will not take affect until the flight software exits Science mode and then re-enters.  There is a timing condition where if this command is sent in the first three seconds of Science mode, it will take affect.  It is strongly recommended that this command never be sent in Science mode, and that the condition where it takes affect if sent in the first three seconds, be treated as an error condition to be avoided.

I.E. Science Algorithm Overrides

Every shot, the science task commands the hardware to certain settings.  The science task provides the functionality to override those settings and directly command user specified values to the hardware.  The five groups of hardware settings that can be overridden are:  1. channel selects  2. channel thresholds  3. gain  4. range delay  5. range window width.  Each override can be disabled.  The proper use of these override commands require that they only be sent in Keep_Alive or Standby flight software modes, and never in Science mode.  Each override will work if sent in Science mode, but will exhibit unique behavior that is (and will remain) undocumented.  When commanded, each override (or disable override) will take effect after the first time the code enters Science mode, after the first supeframe.  From there after, the override will remain across subsequent mode transitions (in and out of Science mode). For clarity - if an override is present from a previous Science mode, the override will immediately take affect when Science mode begins; it is only situations where a new override is issued that the first time Science mode is entered with the new override, that the override won’t take affect until after the first superframe.

Notice that there is no command to override the Transmit Threshold (TX Thresh).  The only way to modify this value is to perform a table load.  See discussion of table loads later.

All of the override commands found in the table below share many of the same properties.  Each commands is telling the science task to use the provided parameter as the new value the science task will use to configure the hardware.  Each parameter has an associated units – those units apply to the rest of the values listed across the row.  The feasible range gives the maximum and minimum value that the parameter can physically hold.  It usually corresponds to the number of bits used to hold the parameter.  Any value commanded outside the feasible range will either be rejected by the ground system on truncated to the lower order bits  (for example, an 8bit parameter told to contain 0x8435 will get truncated to 0x35).  The hardware range is the maximum and minimum values acceptable to the hardware.  Sometimes the hardware is able to take a wider range of configurations than the software is able to supply it (the case with the range gates), but sometimes the hardware can only operate in a range smaller than what it can be commanded (the case with the thresholds).  The behavior of the hardware when commanded outside its range is undetermined – it is best not to try.  The last range is from the science task.  The science algorithms specify an acceptable range of values for each hardware setting.  That range is software enforced and is always smaller than the feasible and hardware ranges.  If a value is sent that is outside the science task range, it will be truncated to the maximum or minimum values appropriately (for example, an override as a max of 0x5040, and the parameter contains 0x8934, the truncated value used by the science task will be 0x5040).  The science task range is contained in tables in EEPROM which can be patched.  The launch values for the ranges are also given in the table below.

	NAME
	UNITS
	FEASABLE RANGE
	HARDWARE RANGE
	SCIENCE TASK RANGE
	LAUNCH VALUES

	Mla_Ovr_Thresh_Ch1_Lo 
	B8 mV
	[0, 65535]
	[0, 16000]
	[THRESH_CMD_CH1_LO_MIN, THRESH_CMD_CH1_LO_MAX]
	[2560, 15360]

	Mla_Ovr_Thresh_Ch1_Hi
	B8 mV
	[0, 65535]
	[0, 16000]
	[THRESH_CMD_CH1_HI_MIN, THRESH_CMD_CH1_HI_MAX]
	[5120, 15360]

	Mla_Ovr_Thresh_Ch2
	B8 mV
	[0, 65535]
	[0, 32000]
	[THRESH_CMD_CH2_MIN, THRESH_CMD_CH2_MAX]
	[2560, 30720]

	Mla_Ovr_Thresh_Ch3
	B8 mV
	[0, 65535]
	[0, 64000]
	[THRESH_CMD_CH3_MIN, THRESH_CMD_CH3_MAX]
	[2560, 61440]

	Mla_Ovr_Gain
	0.1 G
	[0, 255]
	[0, 100]
	[GAIN_CMD_MIN,

GAIN_CMD_MAX]
	[1,100]

	Mla_Ovr_Range_Delay
	30m
	[0, 65535]
	[0, 0xFFFFFF]
	[RANGE_CMD_MIN,

RANGE_CMD_MAX]
	[1667, 65000]

	Mla_Ovr_Width
	30m
	[0, 65535]
	[0, 0xFFFFFF]
	[RWIN_CMD_MIN,

RWIN_CMD_MAX]
	[320, 32000]


Mla_Ovr_Chan_Disables (ChDisMask) –this command overrides the value of the channel disables mask.  The lower four bits of ChDisMask are used.  Bit 0 – Channel 1 Low.  Bit 1 – Channel 2.  Bit 2 – Channel 3.  Bit 3 – Channel 1 High.  A 1 present in any of the bits means that the corresponding channel should be disabled.  A zero present in any of the bits means that the corresponding channel should be enabled.  Note that every time this command is sent it overrides all of the channels either with enables or disables.  It is impossible to only override one of the channels.

Mla_Dis_Ovr_Chan_Disables (  ) – this command disables the channel disables override.
Mla_Ovr_Thresh_Ch1_Lo (Threshold) –this command overrides the value of the Channel 1 Low Threshold.  

Mla_Dis_Ovr_Thresh_Ch1_Lo (  ) – this command disables the channel 1 low threshold override.
Mla_Ovr_Thresh_Ch1_HI (Threshold) – this command overrides the value of the Channel 1 High Threshold.  

Mla_Dis_Ovr_Thresh_Ch1_Hi  (  ) – this command disables the channel 1 high threshold override.
Mla_Ovr_Thresh_Ch2 (Threshold) – this command overrides the value of the Channel 2 Threshold.  
Mla_Dis_Ovr_Thresh_Ch2  (  ) – this command disables the channel 2 threshold override.
Mla_Ovr_Thresh_Ch3 (Threshold) – this command overrides the value of the Channel 3 Threshold.  
Mla_Dis_Ovr_Thresh_Ch3  (  ) – this command disables the channel 3 threshold override.
Mla_Ovr_Gain (Gain) – this command overrides the value of the VGA Gain.  
Mla_Dis_Ovr_Gain  (  ) – this command disables the gain override.
Mla_Ovr_Range_Delay (RangeDelay) – this command overrides the value of the Range Gate Start.  The RangeDelay parameter does not get directly applied to the RMU Range Gate registers but is offset by the Transmit Start Pulse time (Tx).  For example, if the Tx time is 100,000ns (which is 15km) and the RangeDelay parameter has a value of 600 (18km), then the resulting Range Gate Start value will be 32km.  The combination of a large Range Delay and Range Window Width may push the Range Gates to exceed the maximum range allowed,  but this is handled by the science task which limits the range of the Rage Gate Start and Stop to be within 0 to 0xFFFF at all times.
Mla_Dis_Ovr_Range_Delay (  ) – this command disables the range delay override.
Mla_Ovr_Width (RangeWindowWidth) – this command overrides the value of the range window width.  If the range delay is overridden, then this command will set the Range Gate Stop value to the Range Gate Start value plus RangeWidowWidth.  If the range delay is not overridden, then the internal algorithm variable – predicted range – is used as the center of the range window, and the Range Gate Start is half the RangeWindowWidth below the center, and the Range Gate Stop is half the RangeWindowWidth above the center.  Both the Range Gate Start and Stop are still offset by the Tx time as described in the Mla_Ovr_Range_Delay command.  The combination of a large Range Delay and Range Window Width may push the Range Gates to exceed the maximum range allowed,  but this is handled by the science task which limits the range of the Rage Gate Start and Stop to be within 0 to 0xFFFF at all times.
Mla_Dis_Ovr_Width (  ) – this command disables the range window width override.
Toggle_Direct_Thresh_Override (ThreshFlag) – this command enables or disables the science algorithms from applying a transformation to the up-linked overridden threshold values using the gain and range window.  If ThreshFlag is 0, then the science task will transform the up-linked threshold values (this is the default configuration of the flight software).  If ThreshFlag is 1, then the science task will directly use the up-linked threshold value when commanding the hardware.  In practice this command should no be sent in Science mode, though there is no ill affect from sending the command in science mode.

I.F. AEM Electronics: Channel Selects & D-to-A Conversions

The flight software contains a set of AEM diagnostic commands.  These commands are limited to only enabling and disabling the channel selects and performing the D/A conversions.  The D/A commands directly cause a D/A conversion to occur with the value you supply; they do not affect the configuration of the flight software in any way.  These commands can be issued in Keep_Alive or Standby but not in Science mode.  No error will be reported if it is issued in Science mode, but because the science task commands all six D/A conversions eight times a second, there will be no recognizable affect (though it might have a slight impact on the performance of the algorithms).

For all of the commands that perform a D/A conversion, the parameter containing the DAC value to be converted is always in units of DAC counts with a range of 0 to 255.  Depending on the implementation of the ground system it is possible for a value greater than 255 be passed to the command.  The command does not protect against this but will truncate the value to the lower 8 bits (so a value of 0x100 is effectively 0).  See the below conversion polynomials to go between DAC counts and Volts.

All the commands access the AEM electronics through the CPU board FPGA and use a read-once-write-once methodology for accessing the AEM registers.  Each AEM memory mapped register that is required to be updated will only be read once and written to once as a result of a single command.

Mla_Chan_Threshold_Config(ChID, Sel) – issuing this command causes the channel (0 – channel 1 high, 1 – channel 1 low, 2 – channel 2, 3 – channel 3) to be enabled or disabled (0 – disabled, 1 – enabled).  

Mla_Chan1_Set_Threshold(ChID, Thresh) – issuing this command causes the selected channel (0 – high, 1 – low) to have the threshold Thresh. 

Mla_Chan2_Set_Threshold(Thresh) – issuing this command causes channel 2 to have the threshold Thresh.  
Mla_Chan3_Set_Threshold(Thresh) – issuing this command causes channel 3 to have the threshold Thresh.  
Mla_Detector_Set_Vga(Gain) – issuing this command causes the VGA gain to have the a gain of Gain. 
Mla_Laser_Set_Tx_Threshold(Thresh) – issuing this command causes Tx Threshold to have the threshold Thresh.  

	Channel Name
	Polynomial
	Units

	Gain
	DAC = -0.104*G^2 + 21.839*G +2.014
	DAC Counts

	TX Threshold
	DAC  = 208.5*VTx + 2.3
	DAC Counts

	Rx Ch1Lo Threshold
	DAC = 3924*V1LO + 12.41
	DAC Counts

	Rx Ch1Hi Threshold
	DAC = 3930*V1Hi + 11.99
	DAC Counts

	Rx Ch2 Threshold
	DAC = 1893*V2 + 8.97
	DAC Counts

	Rx Ch3 Threshold
	DAC Code = 1011*V3 + 14.21
	DAC Counts


I.G. RMU Electronics: Configuration

The flight software allows direct access to the RMU electronics.  The only mode that these commands should be issued in is Standby.  In Keep Alive mode, the RMU is not powered on and therefore these commands will have no effect.  In Science mode, these commands will do anything from slightly affecting the performance of the algorithms before being overwritten, to completely invalidating the operation of the instrument.  

The science task does not take responsibility for maintaining a proper configuration of the RMU.  The  RMU is properly configured via the Mla_Goto_Standby and Mla_Goto_Science command scripts.  Using these commands (which is the only legal way to transition to Science mode) the RMU is guaranteed to be in the correct configuration when executing the science algorithms.

The purpose of these commands are to allow direct diagnostic control over the RMU electronics.  Nearly all configurability built into the board and described in the RMU specification written by Igor Klyner is provided.  The two things missing are the TOF resets (which are handled autonomously) and the TOF calibrations (which are completely left alone by the flight software).

All the commands access the RMU electronics through the CPU board FPGA and use a read-once-write-once methodology for accessing the RMU registers.  Each RMU memory mapped register that is required to be updated will only be read once and written to once as a result of a single command.

Mla_Range_Gate_Set_Start(Hi, Mi, Lo) – issuing this command in Standby will cause the RMU range gate start to be set to a value Range30m which is equal to (Hi << 16) | (Mi << 8) | Lo.  The units of Range30m is 30 meters.  The easiest way to understand the parameter list is to first figure out what range you want to command, call that range Range30m which has 30 meter units.  Then take the upper most significant bits of that value (bits 16 to 23 which is the third byte) and place it in Hi.  Take the middle bits (8 to 15, byte 2) and place it in Mi, and then take the least significant bits (bits 0 to 7, byte 1) and place it in Lo.

Mla_Range_Gate_Set_Stop(Range30m) – issuing this command in Standby will cause the RMU range gate stop to be set to a value Range30m which is equal to (Hi << 16) | (Mi << 8) | Lo.  The units of Range30m is 30 meters.  The easiest way to understand the parameter list is to first figure out what range you want to command, call that range Range30m which has 30 meter units.  Then take the upper most significant bits of that value (bits 16 to 23 which is the third byte) and place it in Hi.  Take the middle bits (bits 8 to 15, byte 2) and place it in Mi, and then take the least significant bits (bits 0 to 7, byte 1) and place it in Lo.

Mla_Rmu_Select_Clock(ClockSource) – issuing this command in Standby will cause the RMU to change which 5Mhz clock it uses to clock off of for all its timing.  There are four available clocks, two internal and two external.  The two internal clocks are “internal_40%” and “internal_50%”, having a 40% and 50% duty cycle respectively.  These clocks are internal to the RMU electronics and are always available.  In testing we have seen that these clocks can drift upwards of 20us a second.  The two external clocks are “Oscillator_A” and “Oscillator_B” (they do no correspond to DPU A and DPU B).  These clocks are the same ones used to generate the 1PPS coming from the DPU.  It is important to realize that if the RMU is configured to use a clock that does not exist, then it will not function at all – no RUPTS will be generated.  The parameter ClockSource has the following values: 0 – internal_40%,  1 – Oscillator A,  2 – Oscillator_B,  3 – internal_50%.  The default clock for the RMU is the internal_40%;  but the flight software attempts to configure the RMU to Oscillator_A immediately upon entering Standby.  If it fails, it will command an RMU reset which will place the clock back to internal_40% (see Mla_Goto_Standby).
Mla_Rmu_Select_Rate(Rate) – issuing this command in Standby will cause the RMU to operate at a different frequency.  The flight software will only operate at 8Hz in science mode, but in Standby mode it does not care.  The parameter rate has the following values: 0 – 1Hz,  1 – 6Hz,  2 – 8Hz,  3 – 10Hz.  The default operating mode of the RMU and the flight software is 8Hz.
Mla_Rmu_Reset – issuing this command in Standby will cause the RMU to reset and revert back to the RMU power-up default configuration.
Mla_Rmu_Set_Test_Data(EnDiFlag, TestPattern) – issuing this command in Standby will cause the RMU data between (but not including) the header and the footer, in the 166 byte RMU array,  to be filled with a test pattern.  This includes the three rmu_mode_status_words.  Once a test pattern is commanded, the only way to revert out of it is to command an RMU reset.  It is not possible to even command the RMU to another test pattern without first resetting the RMU. The parameter EnDiFlag has the values: 0 – disabled,  1 – enabled.  The parameter TestPattern has the values: 0 – real data,  1 – 00/FF,  2 – AA,  3 – 55,  4 – counter,  5 – backwards counter,  6 – FF/00,  7 – real data.
Mla_Rmu_Synch_To_Pps(SynchFlag) – issuing this command in Standby will cause the RMU to synchronize with the 1PPS.  When the RMU is configured to synch to the 1PPS,  the first RUPT of the second will occur approximately 15ms after the 1PPS.  All RUPTS will still be spaced by 125ms.  The only consideration for this command is that the first 1PPS signal received by the RMU may be at a time when the software is processing a previous RUPT.  If this occurs, then the RMU babble bit will be set in the rmu_status_mode_word register.  The parameter SynchFlag has the values: 0 – do not synch to the 1PPS,  1 – synch to the 1PPS.
I.H. PCA Electronics: Turning Things On and Off

The PCA electronic commands allow the user to turn the laser on and off, and configure the PCA to high power mode or low power mode which turns the RMU on and off respectively.  All the commands access the PCA through the CPU board FPGA and use a read-once-write-once methodology for accessing the PCA registers.  Each PCA memory mapped register that is required to be updated will only be read once and written to once as a result of a single command.  

No where in the flight software does the code check the PCA power mode and make a decision based on it.  The power mode is completely handled by the mode transition scripts (Mla_Goto_Keep_Alive, Mla_Goto_Standby, Mla_Goto_Science).  When the transition scripts are used, it is guaranteed that the PCA power mode will be properly configured.  When the power mode is configured manually, there are no guarantees that the flight software will work as expected.  The data collection task as well as the science algorithms are scheduled by the RUPT.  Regardless of what mode the flight software is in, if the RMU is powered off, the RUPT will not occur, and the flight software will not collect the science data, output any hardware diagnostic telemetry, schedule the science algorithms, or output any science telemetry.

There is one location in the flight software where the Laser configuration is checked.  When the A/D conversions are performed, the software checks the Laser to see if it is on or off.  If the Laser is on, the code allows the auto-conversion process to perform the A/Ds on the Tx_Pulse_Energy and the Laser_Diode_Current.  If the Laser is off, then the code manually performs an A/D on each of those channels. 

Mla_Laser_Control_Fire(OnOffFlag) – issuing this command in any mode will turn the Laser on or off.  The affect of turning the Laser on in Keep_Alive mode where there PCA power mode is low is not known.  This command can be used to safely turn the Laser off while in science mode.  The parameter OnOffFlag has the values: 0 – off,  1 – on.

Mla_Power_Select_Mode(Mode) – issuing this command in any mode will select the PCA power mode and have the affect of turning the RMU on or off.  It is strongly recommended that this command never be used.  The mode transition commands should always be used instead to configure the PCA power mode.  The parameter Mode has the values: 0 -  low power,  1 – high power.

I.I. Telemetry Configuration

The are two main telemetry packets produced by the MLA flight software: Mla_Status, Mla_ScienceRaw.  The Mla_Status packet is the only health and safety telemetry packet defaulted to on by the flight software.  In Keep Alive and Standby modes, the packet is generated once every 600 seconds.  In Science mode it is generated once every 16 seconds.  The Mla_ScienceRaw packet is the telemetry packet produced by the science algorithms once a second.  The packet is used by the ground system GSEOS to produce a more readable telemetry packet called Mla_Science.

Besides the main three telemetry packets, there are four other packets that the flight software can produce on demand: Mla_SwDiagnostic, Mla_HwDiagnostic, Mla_HwDiagLite, Mla_CompressedSciData.  

Mla_SwDiagnostic a detailed health and safety packet which contains the full versions of many of the counters and bit fields in Mla_Status.  It also contains telemetry needed to characterize the performance of the software as well as debug and diagnose software problems that arise.  If commanded, it defaults to being generated once per second.  The data in the packet is collected at the beginning of each second and therefore mostly reflects the state of the software in the previous second.

Mla_HwDiagnostic is a packet that contains the entire 166 byte data array produced by the RMU every RUPT, as well as the A/D values of the 6 D/As, and other things.  Internally it is the same packet that is sent to the science task to process using the science algorithms.  The telemetry packet is generated directly from every RUPT and can be commanded to come down in telemetry.  

Mla_HwDiagLite is a smaller version of the Mla_HwDiagnostic packet.  It removes most of the low returns from the RMU data, as well as the memory mapped register values from the RMU.  If commanded, it will be generated as a result of every RUPT.  It is mutually exclusive with the Mla_HwDiagnostic packet – if one is commanded to come down in telemetry, the other will automatically be turned off.

Mla_CompressedSciData is the compressed version of Mla_ScienceRaw.  The compression task buffers four seconds of science data, compresses it and outputs the compressed packet which many times will span up to four ITFs.  The ground system (GSEOS) then decompresses it, thereby generating the Mla_ScienceRaw packet (which is further processed by the GSEOS to create Mla_Science).

Mla_Stat_Int (StatusPktInterval) – issuing this command in any mode changes the rate that the Mla_Status packet is generated to StatusPktInterval for the duration of time spent in the current mode.  (For example if StatusPktInterval is 40, then once every 40 seconds Mla_Status would get generated.  If StatusPktInterval is 0, then Mla_Status is effectively turned off).  Every transition from a software mode causes the status packet interval to be set to its default value (Keep Alive – 600, Standby – 600, Science – 16).  So when this command is sent, it only affects the status interval until the next mode transition.

Mla_Hw_Diag_Tlm_Config (HwPktSel) – issuing this command causes one of the hardware diagnostic packets to be generated as a result of every RUPT.  It is important to realize that the hardware diagnostic packets generate a large amount of telemetry and if not careful can easily consume all the memory in the system, backup the telemetry output task and bring the system to a standstill.  It is therefore an operational constraint that the Mla_HwDiagnostic packet never be turned on while in Science.  The flight software does not prevent this from  happening, but the ill affects will be quickly seen.  The Mla_HwDiagLite packet is able to be on while in Science mode, but due to an ITF restriction of approximately 1K per second, if the ITF size is left alone, the telemetry will back up in the telemetry output task and data will be lost.  To avoid this, the ITF size has to be patched.  Therefore it is not recommended to have the Mla_HwDiagLite packet on while in Science mode.  The parameter HwPktSel has the following values: 0 – Both hardware diagnostic packets are off, 1 – Mla_HwDiagnostic is ON and Mla_HwDiagLite is OFF, 2 –Mla_HwDiagLite is ON and Mla_HwDiagnostic is OFF.

Mla_Sw_Diag_Tlm_Config (EnableFlag) – issuing this command causes the Mla_SwDiagnostic packet to be generated once a second.  This command is able to be sent without any ill affects in every mode.  The parameter EnableFlag has the following values: 0 – Mla_SwDiagnostic OFF,  1 – Mla_SwDiagnostic ON.  Default flight software configuration is OFF.

Toggle_Data_Compression(CompSel) – issuing this command configures the software to compress or not compress the Mla_ScienceRaw packet produced by the science task.  When compression is on, the Mla_ScienceRaw packet is routed to the compression task where it is buffered, and then compressed.  When compression is off, the Mla_ScienceRaw packet is sent directly to the telemetry output task.  The parameter CompSel has the following values: 0 – compression is off,  1 – compression is on.  Default flight software configuration is OFF.

Mla_Canned_Data_Config (EnableFlag) – issuing this command causes the science data collection task (the task responsible for generating the hardware diagnostic packets as well as the internal packet sent to the science task for processing) to artificially fill the values being read from the RMU and AEM with fake data.  That fake data is contained in a table in flight software (SD_RMU_CANNED_TABLE – 7).  These fake values will propagate to the science task as well which will then be processed by the science algorithms.   This command is primarily used to align telemetry definitions on the ground station with those in the flight software.  It is also very helpful when debugging an apparent problem in the RMU data – the ability to manually set which values the science task will receive, as well as which values will be sent down in the hardware diagnostics allows very rudimentary diagnostic control over the flight software. Therefore it is recommended that this command be used with care.  There is a telemetry point in the Mla_Status packet that says whether or not we are running with real or canned data, the point is CannedDataEnabled: a 1 says that we have canned data, a 0 says we have real data. The parameter EnableFlag has the following values: 0 – canned data disabled, 1 – canned data enabled.  Default flight software configuration is OFF.

Mla_Set_Apid_Filter(FilterID, ApID, FilterMask, Offset) – issuing this command causes the packet with the associated ApID to be filtered at the rate specified by FilterMask and Offset.  This is a very complicated command that is extremely powerful.  It is strongly recommended that this command never be used.  If it must be used, then it must be well maintained.  Errors in this command can cause the flight software to function incorrectly without many symptoms.  Also, if this command is used in a ground system script, it is important to realize that every time the flight software changes, the parameters to this command need to be examined and maybe updated.  The following formula characterizes the effect of this command: 

· IF ((packet.SeqCount && FilterMask) == Offset) THEN send(packet) ELSE drop(packet)

· The packet is the packet associated with the specified APID

· This filtering only applies to the corresponding mappings that are mapped on the filter table specified by Filter ID.

· If you want the fifth packet of every eight packets then the mask should be 0x7, and the offset should be 0x5.

I.J. Clearing Counters in Telemetry

The flight software provides functionality that assists in making it easier to operate the instrument.  The ability to clear counters that appear in telemetry is not critical to operating the instrument but makes it easier to detect errors as wells as monitor counter values.  There are four commands that clear counters, if the counter that needs to be cleared is not the responsibility of any of those commands, then a memory patch is required to clear the counter.

Mla_Counter_Clr(Sel) – issuing this command will clear counters present in the Mla_MocStatus and Mla_Status telemetry packets.  The parameter Sel has the values: 0 – clear commands accepted counter,  1 – clear commands rejected counter,  4 – clear telemetry volume,  255 – clear all of the above counters.

Mla_Cust_Counter_Clr(Sel) – issuing this command will clear various counters spread throughout the telemetry.  The below outline gives the counters that will be cleared corresponding to the parameter Sel’s value.

1. 0 – ITF reject counter 

2. 1 – RMU error counters

a. Mla_Status::SiRmuErrorCount

b. Mla_Status::SdParityError

c. Mla_Software_Diagnotics::RMUHeaderError

d. Mla_Software_Diagnotics::RMUFooterError

e. Mla_Software_Diagnotics::RMUTxcntrError

f. Mla_Software_Diagnotics::RMUParityError

3. 2 – AEM error counters        

a. Mla_Status::SdAemErrorCount

Mla_Cpu_Clr_Reset_Cntr – issuing this command clears the CPU board FPGA registers that keep track of the CPU resets.  The command will clear the FPGA flag that signals that the previous reset was a CPU reset as well as clear the FPGA counter that counts the number of CPU resets that have occurred. In telemetry this will clear the Mla_Status::CpuResetCtr.  The Mla_MocStatus::ResetCause telemetry point will remain untouched (it is only calculated at startup and left alone the rest of the time running).

Mla_Cpu_Clr_Watchdog_Cntr – issuing this command clears the CPU board FPGA registers that keep track of the Watchdog resets.  The command will clear the FPGA flag that signals that the previous reset was a Watchdog reset as well as clear the FPGA counter that counts the number of Watchdog resets that have occurred. In telemetry this will clear the Mla_Status::WatchdogCtr.  The Mla_MocStatus::ResetCause telemetry point will remain untouched (it is only calculated at startup and left alone the rest of the time running).

I.K. Managing Tables

See Table Definition Spread Sheet.

Table management is highly dependent upon the definition of the tables.  A table load and dump size is constrained from the outset to be at most 256 bytes, but depending upon the specific table being loaded into or dumped from, that constraint can be much smaller.  It is extremely important to guarantee the format of the data being loaded and dumped.  Small errors here have no way of being detected except by inspection.  It is a good practice to dump a table after each time it is loaded and verify the contents.  The ground system GSEOS has built in tools to assist in verifying the contents of a table as well as generating table load commands.

The data inside the parameter Data[] in each of the commands below, is byte swapped when the target entry is a word or more.  For example, if the entry at byte 10 is an initial threshold value which is stored in a word, if that value needs to be updated to 0x5389, then the load command would have the sequence of data 0x89, 0x53, where it was to update that value.  At all times close attention has to be paid to the format of each of the individual tables when doing a table load or dump.

Careful attention has to been paid to make sure that all tables are word aligned (2 bytes = 1 word).  This is because the compiler used for the MLA software pads all words and dwords that are not on word boundaries.  See the miscellaneous section of the Flight Software User Guide chapter 5 Building an Executable for more information.

Mla_Load_Table(BufferID, TableID, Offset, ByteCount, Data[]) – issuing this command will cause the specified table “TableID” to be updated at the byte “Offset” and continuing for “ByteCount” number of bytes with the values in the array “Data[]”.  The BufferID is either 0 or 1 and is not used by the flight software -  in practice, just leave the value at 0.  This command, in practice should only be sent in Keep Alive mode.  The command will work in Standby and Science modes, and the flight software does not explicitly prevent it, but there is no guarantee that problems won’t arise if a value is being updated and used at the same time.  There are some tables that won’t even take affect if they are loaded while in Science mode.

Mla_Dump_Table(BufferID, TableID, Offset, ByteCount) – issuing this command will cause the values of specified table “TableID” starting at byte “Offset” and going for “ByteCount” bytes, to be reported (dumped) in telemetry.  The command will cause a dump packet to be generated, holding the values read from the table.  That packet is immediately placed in telemetry.  The BufferID is either 0 or 1 and it not used by the flight software – in practice, just leave the value at 0.

Do_Checksum_Enable(TableID, EnableFlag) – issuing this command will cause the specified table to be checksummed.  The flight software cycles through all the checksum enabled tables continuously in the background and checksums them.  If an error is detected ( a checksum fails), it is reported in the Mla_Status packet (ChecksumStatus).  Note that each time this command is sent, the specified table’s checksum is recomputed.  So if you modify a table and send this command, a checksum failure will not be produced. The TableID is any valid table id, EnableFlag is 0 if the table should not be checksummed, or 1 if the table should be checksummed.  There is an operational constraint that Table 8 cannot be checksummed, the flight software will not prevent this.

I.L. How To Do Everything Or Nothing (Misc.)

There are two commands provided that allow the user to feel good that things are working and that nothing has changed.  These commands have no ill affect on the software and are safe to command in any mode.

Mla_Cmd_Null - issuing this command increments the command accept counter and returns an echo, and nothing else.  It is used to verify the command link without performing any operation.

Mla_Mem_Check(Address, Length) – issuing this command performs a 16bit CRC calculation on the range of memory specified by the parameters [Address,  Address + Length ).  The command processor task (CP) will immediately execute the command, increment the command accept counter, and return an echo.  But the function of the command will take upward of a hundred seconds to perform (depending upon the Length parameter).  This is because the CP task executes this command by creating a packet and sending it to the CRC task, which is a low priority task running in the background.  When that task wakes up it will begin calculating the CRC slowly (0x400 bytes a second), in the background, until it is finished.  If any errors are encountered it will generate the errors at this time (the command echo and command accept counter will not be affected and remain at their previous values created right after CP executed the command).  When the CRC has been completed a CRC packet (MLA_MemChecksum) is produced and sent down in telemetry with the value of the CRC calculation.

Mla_Call_Stored_Command(Opcode, Param[…]) – This command is only supported by GSEOS, and is not truly implemented in the flight software.  Issuing this command causes the GSEOS to generate the command packet specified by Opcode and passes it the parameters in the Param[…] array.  This is a generic command and can be used to call commands supported by the flight software but not directly supported by the ground system.  When this command is used to call another command, there is no difference than if the command had been directly called with its own opcode -  the command echo will reflect the opcode specified by Opcode and not the opcode of Mla_Call_Stored_Command(67).  

I.M. APL GIIS Maintenance Commands

Mla_Mem_Run(memAddress) – issuing this command in the Boot Loader causes the Boot Loader to jump execution to the specified address, it is the same as executing an assembly level branch instruction. See appendix C for the format of the address.

Mla_Rom_Go(ldAddr) – issuing this command in the Boot Loader causes the Boot Loader to attempt to process a load directive at the specified address.  If the load directive causes a checksum failure, the Boot Loader will reject the command.  See the Boot Loader user guide for more information on load directives.  The only situation where this command should be used, is when the code in the write protected EEPROM needs to be run over a valid image in non-write protected EEPROM.  In that case calling this command and passing it the parameter of 0x20000, will boot the write protected image.  The parameter ldAddr is a 20 bit EEPROM address from 0x00000 to 0x40000.

Mla_Mem_Load(startAddress, byteCount, memType, Data[…]) – this command is a purely software management command used to diagnose and patch new software.  The see appendix C for the format of the start address.  The memory type parameter is ignored.  The data array is not byte swapped so it will be loaded just as it appears listed in the array.  The limitations on this command are many.  No loading can be done to memory addresses that are not SRAM (EEPROM and PROM is not allowed).  A load will not disable interrupts (like a patch), and therefore should only be done in Boot Loader (the flight software will accept memory loads, but it is discouraged).  It is impossible to load software onto page 0 below address 0x4B0, because that area is a register space.  If you attempt to load the software there, it will perform the load in memory that is “behind” the register space.  If you don’t understand what that means, then don’t try to do it.  There is a processor limitation on loading memory from 0x2000 to 0x2080.  This area can only be treated as data space and not code space.  A load there, regardless of the page will only be seen as data.

Mla_Mem_Read(startAddress, byteCount, memType) – issuing this command creates a memory dump packet.  The memory dump packet maximum size is 256 bytes.  If the command requests a larger area that that, multiple memory dump packets will be generated (one packet per second by default) until the requested area is covered. The memory type parameter is ignored.  There are no limitations on this command except that it will not read the memory below 0x4B0 because that is register space.

Mla_Mem_Read_Int(interval) – If a memory read is larger than 256, multiple memory dump packets are generated.  By default, one packet is generated per second, but that rate can be changed via this command  Issuing this command causes the memory dump packet to be generated once every “interval” seconds (i.e. if the interval is 17, then once every 17 seconds, the dump packet would get generated).  If the interval is set to 20, and then if when a dump is 10 seconds into the 20 seconds, the interval is set to 35, the next dump will still come out after 10 seconds, and then it will come out after 35 seconds. 

Mla_Mem_Copy(srcAddr, destAddr, byteCount) – issuing this command copies the memory at the source address to the destination address for the number of bytes specified in byte count.  This command is the only command that is able to write to EEPROM.  In order to load to EEPROM, data must first be loaded into SRAM and then copied from SRAM to EEPROM.  There are of coarse many limitations to this command including the register space and the interrupt vector space.  If these are unfamiliar things to you, then it is best you not use this command.

Mla_Mem_Patch(startAddr, byteCount, Data[..]) – issuing this command in the flight software (it is not available in the Boot Loader) causes the software to disable interrupts, load the values in the data array into memory at the start address, and then enable interrupts.  This is exactly what needs to happen if you are patching code while the code is running.  Because disabling interrupts for any length of time is usually a bad idea, the byte count is limited to 8.  This is also a good thing because it encourages the intended use of the this command which is the ability to either change a flight software variable value, or to overwrite a call instruction with a new address that points to a new function that has been loaded.

Mla_Mem_Wr_En(EnFlag) – before the memory load, memory copy, or memory patch commands will work, this command must be issued with a parameter of 1 (enable memory writes).  If the enable flag is 0 (which is the value by default) then all attempts to write memory via the three listed commands, will fail – they will generate an alarm message indicating that the memory was not write enabled.

II. Telemetry from MLA Instrument

II.A. Telemetry

All communication between the DPU and the MLA Instrument is done through Instrument Transfer Frames (ITF).  When the spacecraft sends a command to an instrument, the command is wrapped in an ITF.  When an instrument generates telemetry and transmits it to the spacecraft, that telemetry is wrapped in an ITF.

The following rules exist for the MLA instrument when generating telemetry:

1. All telemetry must be packaged in an ITF before transmitting to the spacecraft.

2. Only 1 ITF can be transmitted in a second.

3. The maximum size of an ITF is 1250 bytes

4. The transmission of an ITF cannot cross a 1PPS boundary  (i.e. the transmission of an ITF cannot start prior to the 1PPS signal, and finish after the 1PPS signal).

On the MLA instrument, the flight software produces various telemetry packets.  Each telemetry packet produced in the flight software corresponds to a predefined telemetry packet on the ground.  Those telemetry packets are treated as software bus packets and routed on the software bus to a task called the telemetry framer.  The a telemetry framer task is responsible for buffering software bus packets designated as telemetry, formatting them in the ITF and transmitting it over one of the external UARTS.  

The following rules exist for telemetry packets being formatted and transmitted in ITFs:

1. A software bus packet is able to span multiple ITFs (i.e. it can begin in one ITF, and its contents can extend to the next ITF, and even further). 

2. If the flight software is sending software bus packets to the telemetry framer task at a rate greater than the rate the telemetry framer task is able to transmit them, then the packets are queued up until the queue overflows.  At that point an error is generated (SB_MESSAGE_DROPPED(63) : Param = 7) and the data that was attempted to be queued is lost (the data previously on the queue is safe and will be transmitted when the time comes).

3. A software bus packets received by the telemetry framer task is placed in the ITF regardless of the APID associated with the packet.  This means that the software can route any internal packet to the telemetry framer task and have it appear in the telemetry stream.

4. Alarm packets generated by the code during execution are considered telemetry packets yet they are handled different by the telemetry framer.  See discussion of Mla_Alarm below.

This also has the affect that at most four alarms can be sent in telemetry during one second.  If the software is generating more than four alarms a second, the alarms will back up and be delayed in coming down in telemetry.  Unfortunately, the MET on the alarm will not reflect when the alarm was generated by the flight software, but when it was created as a packet and sent to the telemetry framer.  When there are more than 40 alarms yet to be sent, the next alarm will overwrite the oldest alarm on the circular array (which would have been the first alarm to be sent).  In this case, more recent alarms will appear in telemetry before alarms generated earlier.

II.B. Telemetry Packet Header
( Block[22]                , , ,   8; )

( CCSDSHeader1[6]          , , ,   8; )

  Version                  , , ,   3;

  Type                     , , ,   1;

  HasHeader2               , , ,   1;

( ApId                     , , ,  11; )

  SourceId                 , , ,   5;

  DataId                   , , ,   6;

  Grouping                 , , ,   2;

  SeqCount                 , , ,  14;

  Length                   , , ,  16;

( CCSDSHeader2[4]          , , ,   8; )

  MET                      , , ,  32;

ApId - On MLA, the first 16 bits (word) is treated as a whole as the “ApId” which stand for Application ID and is used as the sole identifier of the type of packet that follows.  

SeqCount - The “SeqCount” is a sequential incrementing counter that is local to each “ApId” (type of packet).  The “SeqCount” begins at 0 and increments by 1 every time the packet is generated.  It will rollover once it reaches the 14 bit max of 0x3FFF.  

Length – The “Length” field contains the size of the packet in bytes (including the header) minus 7.  This is the same as saying the number of bytes that follow the “Length” field minus 1.

MET –Mission Elapsed Time, measured in seconds.

II.C. MLA_CmdEcho
( Data[12]                 , , ,   8; )

  Macro                    , , ,   1;

  Result                   , , ,   7;

  Opcode                   , , ,   8;

( Args[10]                 , , ,   8; ) - optional

The command echo telemetry packet is immediately generated after every command received by the software is executed (*), and should appear in the ITF generated the following second.  Due to an overloaded CPU, the echo could be delayed up to a second in some cases.

Opcode  - The “Opcode” will always contain opcode of the command that caused the packet to be generated.

Result – A returned value indicating success (0) or failure (alarm id generated).  The “Result” field is not guaranteed to have the correct result.  Due to the development tools used to code the implementation of the commands in flight software, there is a discrepancy between an error that occurs in processing a command, and an error that occurs in executing the command.  Each command is implemented as an on-board script which is interpreted by a script interpreter.  If while interpreting the script, the software encounters and error, that error will be reflected in the “Result” field.  But if the script itself generates an error, that error is not reflected in the “Result” field.  For this reason it is important to not only depend upon the command echo result but to also verify that no errors were reported immediately following the execution of the command.

* Exception: The Mla_Soft_Reset and the Mla_Rom_Boot reset the software before there is a chance for the echo to be generated, and therefore do not generate an echo.

II.D. MLA_Alarm

( Data[4]                  , , ,   8; )

  AlarmId                  , , ,   8;

  AlarmType                , , ,   8;

  Value                    , , ,   8;

  Aux                      , , ,   8;

The alarm packet is generated every time the flight software detects an alarming condition.  All alarms generated by the flight software are buffered in an internal circular array (size of 40 alarms).  When the telemetry framer task executes, the first thing it does, after it builds the ITF and transmits it, is to grab the first four alarms off of the head of the circular array, generate telemetry packets for each of them, and send them to be buffered on the telemetry framer’s input queue.  The software does this is because the software, immediately following the generation of the ITF, has the most dynamic memory available.  If for some reason, the software was running out of memory, just after transmitting an ITF, enough memory is freed to generate at least four alarm packets.  This almost guarantees that the software will never be prevented from sending the appropriate alarms in telemetry.

AlarmId – Number associated with the alarm generated.  See Appendix D for list of alarms.

AlarmType – Always 1.

Value – The time within the second the alarm was generated (sub seconds).  The units are 1 / 0xFFFF.  So a value of 0x8000 is halfway through the second.

Aux – Optionally parameter.

II.E. MLA_MemChecksum

( Data[8]                  , , ,   8; )

  Address                  , , ,  32;

  MemLength                , , ,  16;

  CRC_Value                , , ,  16;

When a CRC command is executed (Mla_Mem_Check), the result of that calculation is put in this packet and sent down in telemetry.  The CRC task calculates approximately 0x400 bytes a second; therefore, dividing the number of bytes the CRC is over by 0x400 gives you the amount of time it takes before this packet is generated.

Address – The start address where the CRC began its calculation.  See Appendix C for the flight software memory address representation.

MemLength – The number of words the CRC calculated over.

CRC_Value – The result of the CRC calculation.

II.F. MLA_MemDump

( Data[264]                , , ,   8; )

  Address                  , , ,  32;

  DumpLength               , , ,  16;

  MemType                  , , ,   8;

                           , , ,   8;

( DumpData[64]             , , ,  32; )

  DumpData16[128]          , , ,  16;
When a memory read is commanded, the flight software will execute the memory read by creating MLA_MemDump packets up to a size of 256 bytes until the entire range of the memory read is covered.  These packets will be generated once a second.

Address – The start address where the memory read will begin.  See Appendix C for the flight software memory address representation.

DumpLength – Number of byes of memory the memory read will span.

MemType – Not used by the flight software – can be any value.

DumpData – The data read from memory at the specified addresses.

II.G. MLA_Event 

( Data[4]                  , , ,   8; )

  EventId                  , , ,   8;

  SubSeconds               , , ,   8;

  Parameter                , , ,  16;

The MLA_Event packet signals that an event has occurred in the software but that that event is not alarming enough to be called an alarm.  The event message is descriptive enough to explain the reason for the event message.

EventId – Event associated with the event that was generated.  See Appendix E for a list of Event IDs.  (Note that any alarm ID can be sent as an event signaling that the alarm occurred but that it was not critical).

SubSeconds  - The time within the second the alarm was generated (sub seconds).  The units are 1 / 0xFFFF.  So a value of 0x8000 is halfway through the second 

Parameter – An optional parameter, any extra information specific to the event that might be helpful.

II.H. MLA_Status

( Data[2048]               , , ,   8; )

( HwStatus1                , , ,   8; )

  RmuDataSize              , , ,   1;  

  RmuTestPattern           , , ,   3;  

  RmuDataType              , , ,   1;  

  RmuRateSelect            , , ,   2;  

  CannedDataEnabled        , , ,   1;  

( HwStatus2                , , ,   8; )

  Rmu1ppsSync              , , ,   1;  

  RmuTransferMode          , , ,   2;  

  DetectChan3              , , ,   1;  

  DetectChan2              , , ,   1;  

  DetectChan1Lo            , , ,   1;  

  DetectChan1Hi            , , ,   1;  

  DumpActive               , , ,   1;  

( HwStatus3                , , ,   8; )

  RmuClockSelect           , , ,   2;  

  RmuCycleResetTofEn       , , ,   2;

  RmuCalSelect             , , ,   2;  

  RmuCalEnable             , , ,   2;  

( AlgorithmOvrStatus       , , ,   8; )

  OvrThresholdChan3        , , ,   1;  

  OvrThresholdChan2        , , ,   1;  

  OvrThresholdChan1Lo      , , ,   1;  

  OvrThresholdChan1Hi      , , ,   1;  

  OvrChanDisables          , , ,   1;  

  OvrGain                  , , ,   1;  

  OvrRangeWindow           , , ,   1;  

  OvrRangeDelay            , , ,   1;  

( Voltages [6]             , , ,   8; )

  Volt2_5Mon               , , ,   8;  

  Volt5Mon                 , , ,   8;  

  Volt5NegMon              , , ,   8;  

  Volt12Mon                , , ,   8;  

  Volt32_5Mon              , , ,   8;  

  Volt550Mon               , , ,   8;  

  LaserTxThreshold         , , ,   8;

  AemLatchUpCtr            , , ,   8;

( Temperatures[16]         , , ,   8; )

  DetectorBoardTemp        , , ,   8;

  AltimeterDetectorTemp    , , ,   8;

  AnalogBoardTemp          , , ,   8;

  RmuBoardTemp             , , ,   8;

  XtalOscTemp              , , ,   8;

  CpuBoardTemp             , , ,   8;

  LaserElectronicsTemp     , , ,   8;

  LaserAmplifierTemp       , , ,   8;

  LaserOscillatorTemp      , , ,   8;

  PcaTemp                  , , ,   8;

  BeamExpanderTopTemp      , , ,   8;

  BeamExpanderBaseTemp     , , ,   8;

  RxTubeLensTopTemp        , , ,   8;

  MlaHousingTemp           , , ,   8;

  CalLoTemp                , , ,   8;

  CalHiTemp                , , ,   8;

  TlmVolume                , , ,  16;

  ChecksumEnabled          , , ,  16;

  ChecksumStatus           , , ,  16;

( SwStatusWord             , , ,  16; )

  TofLockupCntr            , , ,   6;

  TlmRateConfig            , , ,   1;  

  SdHwDiagLightSwitch      , , ,   1;  

  SiTimingValid            , , ,   1;  

  ChecksumEnableFlag       , , ,   1;  

  OnePpsOccurredFlag       , , ,   1;  

  SdHwDiagFullSwitch       , , ,   1;  

  OsEepromVersion          , , ,   1;  

  SiDirectThresOverride    , , ,   1;  

  IdleWdCheckinFlag        , , ,   1;  

  IdleMetCheckinFlag       , , ,   1;

  SiScTimeBias             , , ,  16;

  SiScRangeBias            , , ,  16;

  SiTransmitThresh         , , ,  16;

  SdAemErrorCount          , , ,  16;

  SiRmuErrorCount          , , ,  16;

( DuplicateMocStatus[9]    , , ,   8; )

  CmdAcceptCtr             , , ,   8;

  CmdOpcode                , , ,   8;

  CmdResultCode            , , ,   8;

  AlarmId                  , , ,   8;

  AlarmCtr                 , , ,   8;

  CmdRejectCtr             , , ,   4;

  ItfRejectCtr             , , ,   4;

  WatchdogCtr              , , ,   4;

  CpuResetCtr              , , ,   4;

  ResetCause               , , ,   2;  

  MlaMode                  , , ,   2;  

  DpuSelection             , , ,   1;  

  WatchdogEnable           , , ,   1;  

  PcaPowerMode             , , ,   1;  

  PcaLaserEnabled          , , ,   1;  

  AlgorithmMode            , , ,   2;  

  RangeMode                , , ,   2;  

  HwDiagTlmConfig          , , ,   1;  

  SwDiagTlmConfig          , , ,   1;  

  MetFreeRun               , , ,   1;  

  MemWriteEnable           , , ,   1;  

  SdParityError            , , ,   8;  

The MLA_Status packet is the only flight software health and safety packet that defaults to being on.  It is the only packet that is generated in all flight software modes.  The packet contains basic software diagnostic counters and configuration points, hardware temperatures and voltages, and hardware configuration.  Appended to the end (nearly, the last byte not included) is the Moc_Status.  The Moc_Status is a set of 9 bytes that are available in the ITF to be used by the flight software.  APL decided that the Moc_Status was not guaranteed to be down-linked, as a result, the Mla_Status packet includes a duplicate of those 9 bytes.

The MLA_Status packet is generated by the telemetry framer task at the current status interval.  The status interval defaults to once every 600 seconds in Keep Alive and Standby modes, and once every 16 seconds in Science mode.  See the command “Mla_Stat_Int” for a further discussion on setting the status interval.

The data in the MLA_Status packet is as current to the time it was generated.  This means that all the values in the telemetry packet are sampled when the packet is generated.  This is different then other packets which introduce delays where a telemetry point may represent a value ten seconds previous to when the packet is generated.

All temperatures and voltages are raw A/D counts and require the polynomials in Appendix G to decode into meaningful values.

RmuDataSize – The RMU supports two interfaces in reading the RMU shot data after every RUPT: Byte mode, and Nibble mode.  Nibble mode is not supported by the flight software, therefore this telemetry point should always read Byte mode.  

· [0: Byte mode, 1: Nibble mode]

· Mla_Rmu_Set_Transfer_Mode

RmuTestPattern – The RMU supports filling the RMU shot data with test patterns.  (See Maintenance Guide)

· [0,6,7: Real Data, 1: LFSR, 2: 0xAA, 3: 0x55, 4: Counter, 5: ~Counter]

· Mla_Rmu_Set_Test_Data

RmuDataType – The RMU supports filling the RMU shot data with test patterns.  (See Maintenance Guide) 

· [0: Real Data, 1: Test Data]

· Mla_Rmu_Set_Test_Data

RmuRateSelect – The RMU supports operating at various rates.  (See Maintenance Guide)

· [0: 1Hz, 1: 6Hz, 2: 8Hz, 3: 10Hz]

· Mla_Rmu_Select_Rate

CannedDataEnabled – The flight software has the ability to bypass the collection of the RMU shot data and fill use fake data as input to the science algorithms. 

· [0: Real Data, 1: Fake Data]

· Mla_Canned_Data_Config

Rmu1ppsSync – The RMU can be configured to synchronize itself with the 1PPS. (See Maintenance Guide)

· [0: Not Synched, 1: Synched]

· Mla_Rmu_Synch_To_Pps

RmuTransferMode – The RMU can be commanded to two modes of data transfer – Byte and Nibble.  Unfortunately this does not specify which nibble should be trusted in Nibble mode.  This telemetry point does not reflect the state of the RMU but rather the state of the software and how the software is reading the RMU.  It is possible after an RMU reset to have this telemetry point not coincide with the RmuDataSize.

· [0: Byte mode, 1: Low Nibble, 2: High Nibble]

· Mla_Rmu_Set_Transfer_Mode

DetectChan3 – The status (enable or disable) of the detector channel 3.

· [1: Disabled,  0: Enabled]

· Mla_Chan_Threshold_Config

DetectChan2 – The status (enable or disable) of the detector channel 2.

· [1: Disabled,  0: Enabled]

· Mla_Chan_Threshold_Config

DetectChan1Lo – The status (enable or disable) of the detector channel 1 low.

· [1: Disabled,  0: Enabled]

· Mla_Chan_Threshold_Config

DetectChan1Hi – The status (enable or disable) of the detector channel 1 high.

· [1: Disabled,  0: Enabled]

· Mla_Chan_Threshold_Config

DumpActive –The flight software can only produce dump packets once a second of a size no greater than 256.  If the software is commanded to dump an area of memory greater than 256, the software will produce multiple packets over many seconds.  

· [0: Software not performing a memory dump, 1: Software currently performing a memory dump]

· Mla_Mem_Read

RmuClockSelect – The RMU has available to it 4 different 5 MHz clocks, two internal to the RMU board, and two external – coming from the spacecraft.  The clock that the RMU is configured to use, drives the entire operation of the RMU.  See Maintenance Guide for details concerning the RMU clocks.

· [0: Oscillator A,  1: Internal 40%,  2: Internal 50%, 3: Oscillator B]

· Mla_Rmu_Select_Clock

RmuCycleResetTofEn – The RMU uses TOF chips to measure in fine detail the return pulses coming back from a laser fire.  These TOF chips are prone to lockup if they are flooded with input.  If the flight software detects that they are locked up, it will automatically configure the RMU to reset the TOF chips for one shot.  Unfortunately, the rate at which this telemetry point is monitored means that it is very unlikely that this event will ever be reflected in this telemetry point. See Mla_Status::TofLockupCntr.
· [0: TOF chips are not reset after each shot,  1: TOF chips are reset after each shot]

RmuCalSelect – This is a direct read from the RMU status word register (3).  I have no idea what this is, refer to the RMU documentation.

RmuCalEnable  – This is a direct read from the RMU status word register (3).  I have no idea what this is, refer to the RMU documentation.

OvrThresholdChan3 – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the channel 3 threshold value written as a DAC to the hardware.

· [0 – Not overridden,  1: Overridden]

· Mla_Ovr_Thresh_Ch3,  Mla_Dis_Ovr_Thresh_Ch3

OvrThresholdChan2 – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the channel 2 threshold value written as a DAC to the hardware.

· [0 – Not overridden,  1: Overridden]

· Mla_Ovr_Thresh_Ch2,  Mla_Dis_Ovr_Thresh_Ch2

OvrThresholdChan1Lo – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the channel 1 low threshold value written as a DAC to the hardware.

· [0 – Not overridden,  1: Overridden]

· Mla_Ovr_Thresh_Ch1_Lo,  Mla_Dis_Ovr_Thresh_Ch1_Lo

OvrThresholdChan1Hi – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the channel 1 high threshold value written as a DAC to the hardware.

· [0 – Not overridden,  1: Overridden]

· Mla_Ovr_Thresh_Ch1_Hi,  Mla_Dis_Ovr_Thresh_Ch1_Hi

OvrChanDisables – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the channel disables mask used by the science algorithms to enable and disable the return channels (1hi, 1lo, 2, 3).

· [0 – Not overridden,  1: Overridden]

· Mla_Ovr_Chan_Disables,  Mla_Dis_Ovr_Chan_Disables
OvrGain – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the gain value written as a DAC to the hardware.

· [0 – Not overridden,  1: Overridden]
· Mla_Ovr_Gain, Mla_Dis_Ovr_Gain
OvrRangeWindow – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the range window value used by the science task to write the RMU range gate start and stop.

· [0 – Not overridden,  1: Overridden]

· Mla_Ovr_Range_Delay, Mla_Dis_Ovr_Range_Delay

OvrRangeDelay – The science task has the ability to override via a command (see the I.E. Science Algorithm Overrides), the range delay value used by the science task to write the RMU range gate start and stop.

· [0 – Not overridden,  1: Overridden]

· Mla_Ovr_Width,  Mla_Dis_Ovr_Width

Volt2_5Mon – The ADC of the +2.5 volt monitor

Volt5Mon – The ADC of the +5 volt monitor
Volt5NegMon – The ADC of the -5 volt monitor
Volt12Mon – The ADC of the +12 volt monitor
Volt32_5Mon – The ADC of the +32.5 volt monitor
Volt550Mon – The ADC of the +550 volt monitor
LaserTxThreshold – The ADC of the laser Tx threshold which is commanded by the science task automatically every shot, via a DAC write, using a table value.  There is no way to change this value while in science mode.  If the value needs to be updated, the appropriate science table load will be needed to modify the value used by the science task, or if the instrument is just being diagnosed, the Mla_Laser_Set_Tx_Threshold command will work in Standby and Keep Alive modes.

· See Appendix G for conversion polynomials

· Mla_Laser_Set_Tx_Threshold

· Mla_Load_Table (0,2,4,2,xx,yy) - yyxx is the desired Tx threshold

AemLatchUpCtr – When the AEM detects a latch-up condition is generates an interrupt through the CPU board FPGA to the flight software.  The flight software responds to this interrupt by asserting the latch-up acknowledge line.  This counter reflects the number of times the flight software responds to an AEM latch-up.  It is important to note that this counter does not reflect the number of AEM latch-ups, but rather the number of times the software responds to a latch-up.  Because the AEM is not able to remove the latch-up condition fast enough, the software will attempt to acknowledge the same latch-up multiple times.  Because of this, the software limits the number of latch-up acknowledges a second to 2.  In practice, for every AEM latch-up this counter will increment by two.

DetectorBoardTemp – The ADC of the detector board temperature
AltimeterDetectorTemp – The ADC of the altimeter detector temperature
AnalogBoardTemp – The ADC of the analog board temperature
RmuBoardTemp – The ADC of the RMU board temperature
XtalOscTemp – The ADC of the external oscillator temperature
CpuBoardTemp – The ADC of the CPU board temperature

LaserElectronicsTemp – The ADC of the laser electronics temperature
LaserAmplifierTemp – The ADC of the laser amplifier temperature
LaserOscillatorTemp – The ADC of the laser oscillator temperature
PcaTemp – The ADC of the PCA temperature
BeamExpanderTopTemp – The ADC of the beam expander top temperature
BeamExpanderBaseTemp – The ADC of the beam expander base temperature
RxTubeLensTopTemp – The ADC of the Rx tube lens top temperature
MlaHousingTemp – The ADC of the MLA housing temperature
CalLoTemp – The ADC of the low calibration temperature
CalHiTemp – The ADC of the high calibration temperature
TlmVolume – A telemetry volume counter that increments by 1 for every 1Kb of data outputted by the telemetry framer task since the software was last booted.

ChecksumEnabled – The flight software continuously (yet very slowly) goes through all the tables in memory that are checksum enabled and checksums them.  It takes about a half an hour to go through all the tables (the CsChecksumCycleCounter telemetry point in the Mla_SwDiagnostic packet increments every time all the tables have been cycled through). ChecksumEnabled is a 16 bit mask that shows which tables are being checksummed.  Each bit in the mask corresponds to the table ID of the same number (bit 4 in the ChecksumEnabled mask corresponds to table 4).

· [0: Table is not being checksummed,  1: Table is being checksummed]

· Do_Checksum_Enable

ChecksumStatus – This is a 16 bit mask that parallels the ChecksumEnabled mask.  Each bit in the mask corresponds to the table ID of the same number (bit 4 in the ChecksumEnabled mask corresponds to table 4).

· [0: Checksum for that table is correct,  1: Checksum for that table is incorrect]

TofLockupCntr – There are 6 TOF chips in the RMU, all six are monitored.  The RMU uses them to time stamp the Tx pulse, the high return, and the low returns. Every 16 shots the software analyzes the state of the TOFs.  If during the past 16 shots the fine time (least significant 10 bits) on a RMU time stamp has not changed at all, and the coarse time has changed at least once, then a TOF lockup is detected and this telemetry point is incremented, and for the next shot, the TOF chips are configured to be reset.  The software will immediately begin monitoring for the next 16 shots.  The software only monitors the TOF lockups in Standby and Science modes. See Mla_Status::RmuCycleResetTofEn

· Mla_Goto_Science - this counter is zeroed automatically every time the software enters Science mode.

TlmRateConfig – The flight software has two modes of operation concerning the MLA_Status packet interval.  In operational mode, the MLA_Status packet interval is set to 600 every time the software enters Keep Alive or Standby mode, and it is set to 16 every time it enters Science mode – this is regardless of any previous Mla_Stat_Int command that was sent.  The Mla_Stat_Int command, in operational mode, is only affective while the software stays in the mode the command was sent in.  In test mode, a software mode transition does not affect the Mla_Status packet interval.  If the Mla_Stat_Int command is sent with a parameter of 2, then regardless of how many times the software transitions in and out of Keep Alive, Standby, and Science, the Mla_Status packet interval will always stay as 2.  The flight software defaults to operational mode.  This documentation does not support the command that configures the software to test mode.

· [0: Operational mode,  1: Test mode]

SdHwDiagLightSwitch

· [0: The Mla_HwDiagLite packet is OFF,  1: The Mla_HwDiagLite packet is ON]

· Mla_Hw_Diag_Tlm_Config

SiTimingValid – The flight software monitors the integrity of the on-board time keeping once a second.  The result of that monitor is placed in this telemetry point.  There are three checks that the flight software performs on the internal timing:

1. Has the MET message from the spacecraft been received

2. Has the 1PPS signal from the spacecraft been received

3. Is the phase lock to the 1PPS off by more than 5us.

If any of these checks fail, then the software determines that the internal timing of the system is in question.

· [0: Timing integrity is fine,  1: Timing integrity is under question]

ChecksumEnableFlag – By default the flight software continuously (yet very slowly) goes through all the tables in memory that are checksum enabled and checksums them.  It takes about a half an hour to go through all the tables (the CsChecksumCycleCounter telemetry point in the Mla_SwDiagnostic packet increments every time all the tables have been cycled through). It is possible to disable checksumming by sending the Mla_Sram_Checksum_Config command.

· [0: Checksumming disabled,  1: Checksumming enabled]

· Mla_Sram_Checksum_Config

OnePpsOccurredFlag – Once a second the spacecraft sends a 1PPS signal to the MLA instrument.  The flight software uses this 1PPS signal to synchronize

· [0: 1PPS did not occur (OFF),  1: 1PPS occurred (ON)]

SdHwDiagFullSwitch

· [0: The Mla_HwDiagnostic packet is OFF,  1: The Mla_HwDiagnostic packet is ON]

· Mla_Hw_Diag_Tlm_Config

OsEepromVersion – There are two banks of EEPROM that the software is stored in.  When the instrument is turned on, or any time the CPU board is rebooted, the code stored in EEPROM is copied out of one of the two banks, into RAM and executed there.  This telemetry point says which bank of EEPROM the code was copied out of.  See the description given in the I.B. Booting section above for booting the flight software.

· 0: EEPROM Bank 0 – Non Write-Protected,  1:  EEPROM Bank 1 – Write-Protected]

SiDirectThresOverride – The science task allows the thresholds applied to each of the channels to be overridden.  The science algorithms specify that the value commanded for them to be overridden with must be scaled by a function of the gain, and range window.  For testing purposes, it was necessary to have the ability to directly apply the threshold given in the threshold override command.

· [0: Thresholds are scaled as prescribed in science algorithm,  1: Thresholds are directly applied]

· Toggle_Direct_Thresh_Override (opcode 235)

· Mla_Ovr_Thresh_Ch1_Lo, Mla_Ovr_Thresh_Ch1_Hi, Mla_Ovr_Thresh_Ch2, Mla_Ovr_Thresh_Ch3

IdleWdCheckinFlag – By default, the flight software requires certain critical tasks to “check in” in order for the watchdog to be kicked.  In diagnosing a problem it might be necessary to disable that behavior.  The command to toggle this bit is not supported by this document.

· [0: Critical tasks do NOT have to check in,  1: Critical tasks DO have to check in]

IdleMetCheckinFlag – By default, the software checks that the MET is being received while in Science mode.  If the MET is missing for a preset amount of time (at launch 1 hour), then the software will execute the Mla_Safe script which will transition the software to Keep Alive mode.  The purpose of this behavior is that if the MET is not being received in Science mode, then it is likely that the command to transition out of Science mode was also not received.  If this condition exists for 1 hour, then we automatically transition out of Science mode.  This telemetry point reflects whether or not the software is actively checking if the MET is being received.  By default, this only happens in Science mode but the software can be commanded to check the MET in other modes as well.  Regardless of the mode, if the MET is being checked, and is missing for 1 hour, the Mla_Safe script will execute.

· [0: MET not being checked,  1: MET being checked]

· Mla_Cpu_Config_Met_Missing

SiScTimeBias – This is a science algorithm variable that is used by the science task.  It is stored in one of the science tables, yet it was felt that it should come down in status telemetry.

SiScRangeBias – This is a science algorithm variable that is used by the science task.  It is stored in one of the science tables, yet it was felt that it should come down in status telemetry.

SiTransmitThresh – This is a science algorithm variable that is used by the science task.  It is stored in one of the science tables, yet it was felt that it should come down in status telemetry.

SdAemErrorCount – Once a second, the flight software performs a series of ADCs on the temperatures and voltages.  After every RUPT, the flight software performs a series of ADCs on all the items that can be written to via a DAC.  If any ADC fails, due to a time out (the software pends on the AEM asserting that it is finished the ADC), then this counter is incremented.

· Mla_Goto_Science - this counter is zeroed automatically every time the software enters Science mode.

 SiRmuErrorCount – Every shot when the software is in Science mode, the science task writes the values of the range gates (start and stop).  At that time it also reads the values back and compares them to the values it wrote.  If those two values do not agree then the science task increments this counter.

· Mla_Goto_Science - this counter is zeroed automatically every time the software enters Science mode.

CmdAcceptCtr – Every time a command is sent and the software executes that command to completion without any errors, this counter is incremented.  At boot up, this counter is zero.

CmdOpcode – This telemetry point holds the opcode of the last command that was processed.

CmdResultCode – This telemetry point holds the error code that was generated by the last command executed.  If the last command executed did not generate an error, then this value is zero.

AlarmId – This telemetry point holds the ID of the last alarm issued by the flight software.

AlarmCtr – Every time an alarm is issued by the flight software this counter is incremented.  At boot up, because the flight software treats the reset message as an alarm, this is has a value of one.  The actual value that is reported will start at 0x81 though.  The reason for this is that the most significant bit of this telemetry point is used as a flag that is always set to 1.  Therefore the range of values that you will see will be from 0x81 to 0xFF.

CmdRejectCtr – Every time the flight software fails to execute a command, it increments this counter.  This counter is mutually exclusive with the CmdAcceptCtr.

ItfRejectCtr – Every time the flight software receives an ITF, and that ITF is either invalid, or unable to be processed, this counter is incremented.  The three cases that this counter increments are as follows:

1. Not enough memory is available to allocate a software bus packet.

2. Invalid command format

3. Incorrect Checksum

4. Synch pattern incorrect

WatchdogCtr – Every time the flight software watchdog resets, this counter is incremented.

CpuResetCtr – Every time the flight software CPU resets, this counter is incremented.  A CPU reset can occur one of two ways: either the software was directly commanded to reset, or the software erroneously branched to an unused memory address and executed a 0xFF instruction.  (We fill all unused code memory with 0xFF so that this will happen).

ResetCause – Every time the flight software reboots, registers in the CPU board FPGA are examined in order to determine the cause of the reboot.

· [0: Power On,  1: CPU Reset,  2: Watchdog,  3: Invalid]

· Mla_Soft_Reset, Mla_Rom_Boot

MlaMode – There are 3 flight software modes once the flight software is in Application mode.  They are: Keep Alive, Standby , Science.  See above discussion on mode transitions in I.C. Changing FSW Modes.

· [0: Keep Alive,  1: Standby,  2: Science]

· Mla_Goto_Keep_Alive,  Mla_Goto_Standby, Mla_Goto_Science

DpuSelection – The Spacecraft has two DPUs that can interface to the MLA instrument.  Only one of them can be active at one time.

· [0: DPU A,  1: DPU B]

WatchdogEnable – It is possible to disable entirely the watchdog hardware provided on the CPU board FPGA.  By default, the flight software is configured to service the watchdog once a second.  If the watchdog is disabled, the flight software will continue to service the watchdog, but it will have no affect, nor will there be any affect if the software fails to service the watchdog.  The command to disable the watchdog is not supported by this document.

· [0: Watchdog disabled,  1: Watchdog enabled]

PcaPowerMode – The PCA controls the power on the MLA instrument.  There are two power modes, high power and low power (see MLA Maintenance Guide).  Under normal operation, Keep Alive mode configures the PCA to low power mode, and Standby and Science modes configure the PCA to high power mode.  It is possible to directly configure the PCA power mode, but it is greatly discouraged.

· [0: Low power,  1: High power]

· Mla_Goto_Keep_Alive,  Mla_Goto_Standby, Mla_Goto_Science

· Mla_Power_Select_Mode

PcaLaserEnabled – The laser on the MLA instrument can be directly turned on and off.  Under normal operation, the laser is automatically configured to on in Science mode, and automatically configured to off in every other mode.

· [0: Laser is OFF,  1: Laser is ON]

· Mla_Goto_Keep_Alive,  Mla_Goto_Standby, Mla_Goto_Science

· Mla_Laser_Control_Fire

AlgorithmMode – There are three science algorithm modes (2 of which are implemented).  The flight software keeps track of two variables concerning the algorithm mode – designated algorithm mode, and current algorithm mode.  See discussion above – Changing Science Algorithm Modes in Command MLA, for complete coverage.  This telemetry point reflects the designated algorithm mode.  There is a telemetry point in the Mla_ScienceRaw packet (CurrAlgoMode) that reflects the actual algorithm mode.

· [0: Mode 0,  1: Mode 1,  2: Out of Range]

· Mla_Sci_Algo_Mode

RangeMode – This telemetry point is only valid if the science task is configured to operate in algorithm mode 2.  Since algorithm mode 2 is unimplemented, this telemetry point is not applicable.

HwDiagTlmConfig – If either the Mla_HwDiagnostic or Mla_HwDiagLite packets are on, this telemetry point is on.

· [0: Neither of the hardware diagnostic packets are on,  1:  One of the hardware diagnostic packets are on]

· Mla_Hw_Diag_Tlm_Config

SwDiagTlmConfig

· [0: The Mla_SwDiagnostic packet is OFF,  1: The Mla_SwDiagnostic packet is ON]

· Mla_Sw_Diag_Tlm_Config

MetFreeRun – Every second the flight software checks to see if it has received a MET message from the spacecraft.  If it did not receive the MET message it will free run off an internal clock until the MET message is received again.  When using GSEOS build 4 or lower, the MET message is not consistently outputted, and therefore this telemetry point will show the software free running often; this is fine.  There is one known error condition for this telemetry point and that is when the science task overruns and delays the telemetry framer task for a considerable period of time (over 50ms).  It is possible in that case that the MET was receive, but because the task that monitors the MET was delayed, the software believes it is free running and will flag this telemetry point.

· [0: The flight software did receive a MET message,  1: The flight software did NOT receive an MET message]

MemWriteEnable – Before the Mla_Mem_Load and Mla_Mem_Copy commands can be sent, the memory must be write enabled (this is only a software check and not a hardware configuration).

· [0: Memory is not write enabled,  1: Memory is write enabled]

· Mla_Mem_Wr_En

· Mla_Mem_Load , Mla_Mem_Copy

SdParityError – Every time the RUPT is generated, the flight software reads 166 bytes from the RMU (the shot data).  The last byte of the data read from the RMU is a parity byte (XOR over entire block).  The flight software also computes a parity for the data read from the RMU.  If the two parities do not equal each other this telemetry point increments.  This value should never be anything but 0.

II.I. MLA_ScienceRaw

(ModeAndState [2]                    , , , 8;)

 TimingValid                         , , , 1;

 ScraftRangeValid                    , , , 1;

 Mod2SubMode                         , , , 2;

 CurrSCFlag                          , , , 2;

 CurrAlgoMode                        , , , 2;

 RxEdgeMiscompare                    , , , 1;

 RmuBabbleBit                        , , , 1;

 EndOfSuperframe                     , , , 1;

 EndOfFrame                          , , , 1;

 Detector_Chan3_Config               , , , 1;

 Detector_Chan2_Config               , , , 1;

 Detector_Chan1_Lo_Config            , , , 1;

 Detector_Chan1_Hi_Config            , , , 1;

 LaserDiodePulseWidthMin             , , , 8;

 LaserDiodePulseWidthMax             , , , 8;

 LaserDiodePulseWidthMean            , , , 8;

 Start_Pulse_Data[33]                , , , 8;

 LaserDiodeCurrentMonitorMin         , , , 8;

 LaserDiodeCurrentMonitorMax         , , , 8;

 LaserDiodeCurrentMonitorMean        , , , 8;

 TxPulseEnergy[8]                    , , , 8;

 Chan_1_HighPidStatus                , , , 8;

 RangeGateStart                      , , , 16;

 RangeGateStop                       , , , 16;

 Det_Chan1_Hi_Threshold_Shot1        , , , 8;

 Det_Chan1_Hi_Threshold_Shot5        , , , 8;

 Det_Chan1_Lo_Threshold_Shot1        , , , 8;

 Det_Chan1_Lo_Threshold_Shot5        , , , 8;

 Det_Chan2_Threshold_Shot1           , , , 8;

 Det_Chan2_Threshold_Shot5           , , , 8;

 Det_Chan3_Threshold_Shot1           , , , 8;

 Det_Chan3_Threshold_Shot5           , , , 8;

 Detector_VGA_Setting                , , , 8;

 Noise_Counter_Chan1_Hi_Shot1_4      , , , 8;

 Noise_Counter_Chan1_Hi_Shot5_8      , , , 8;

 Noise_Counter_Chan1_Lo_Shot1_4      , , , 8;

 Noise_Counter_Chan1_Lo_Shot5_8      , , , 8;

 Noise_Counter_Chan2_Shot1_4         , , , 8;

 Noise_Counter_Chan2_Shot5_8         , , , 8;

 Noise_Counter_Chan3_Shot1_4         , , , 8;

 Noise_Counter_Chan3_Shot5_8         , , , 8;

 RangeRate                           , , , 8;

 SignalBins                          , , , 16;

 BinThreshold                        , , , 16;

 FrameReturnsProcessCount            , , , 16;

 ScraftRange                         , , , 16;

 SignalFramePerSuper                 , , , 8;

(AlgorithmStatus                     , , , 8;)

 OneBitSpare_1                       , , , 1;

 OutOfSynchWith1PPS                  , , , 1;

 InvalidStartPulseId                 , , , 1;

 AemWriteErr                         , , , 1;

 InvalidConfig                       , , , 1;

 CorruptMemory                       , , , 1;

 SignalFound                         , , , 2;

 SecsToComputeRdot                   , , , 8;

 RdotFitError                        , , , 8;

 Time_1Hz_To_RUPT_0_15               , , , 16;

 Time_1Hz_To_RUPT_16_23              , , , 8;

 Time_1Hz_To_RUPT_PAD                , , , 8;

 High_Return_Data[40]                , , , 8; 

 WideFilterShotReturnCounts[8]       , , , 8;

 Low_Returns_Data[720]               , , , 8;

The Mla_ScienceRaw telemetry packet is the sole science data packet produced by the software (excluding the compressed science packet which is this packet compressed).  In the above definition of the science packet, the entire order of the bytes have been byte swapped.  If analyzing this data on the ground, the data must be byte swapped before overlaid with this format.  

After every shot,  the science data collection task collects all of the data from the RMU and passes it to the science task to process.  When the science task receives the data (which should be immediately), it wakes up and begins processing it.  The science task keeps a ten second buffer (80 shots of data) and on the first shot of the first second of data, the science task performs signal processing on the previous ten seconds of data.  For each second of data in the buffer it determines which low returns for that second should be down-linked in telemetry.  Every second, the science task outputs the science telemetry packet corresponding to the data received ten seconds earlier, and now limited to containing only the low returns selected in the post processing.

To summarize, this packet is generated once a second by the science task when the flight software is in Science mode.  There is a ten second delay from when the data in the packet is generated and time stamped with a MET, to when the data is sent to the telemetry framer task and packaged in an ITF and transmitted to the spacecraft.  Note that the MET corresponds to the time when the data was collected.

TimingValid – The flight software monitors the integrity of the on-board time keeping once a second.  The result of that monitor is placed in this telemetry point.  There are three checks that the flight software performs on the internal timing:

1. Has the MET message from the spacecraft been received

2. Has the 1PPS signal from the spacecraft been received

3. Is the phase lock to the 1PPS off by more than 5us.

If any of these checks fail, then the software determines that the internal timing of the system is in question.

· [0: Timing integrity is fine,  1: Timing integrity is under question]

ScraftRangeValid – See I.D. Changing Science Algorithm Modes section for a complete description of how the science task handles the range message.

· [0: Latest range message received is valid,  2: Latest range message received is invalid]

Mod2SubMode – Mode 2 is not implemented and therefore this telemetry point is not applicable.

CurrSCFlag – Mode 2 is not implemented and therefore this telemetry point is not applicable.

CurrAlgoMode – The science task has three different algorithm modes it can run in.: 0, 1, 2 (note that mode 2 is not implemented).  As discussed in the section I.D. Changing Science Algorithm Modes, there are two things that are kept track of by the science task: the designated algorithm mode, and the actual algorithm mode – they can be different.  This telemetry point refers to the actual algorithm mode.  The designate algorithm mode is found in the Mla_Status packet.(AlgorithmMode).

· [0: Mode 0,  1: Mode 1]

· Mla_Sci_Algo_Mode

RxEdgeMiscompare – The  high return pulse has a leading and a trailing edge.  It is possible (though rare) for the leading edge of the pulse to be time stamped by the RMU after the trailing edge.  If any of the high returns in a second have this condition, this telemetry point used to mark it.

· [0: normal,  1: high return trailing edge is time stamped before leading edge]

RmuBabbleBit – The RMU requires the bus between the RMU and CPU to be quit for the 15 ms between RMU time zero and the RUPT.  If that requirement is violated, the RMU flags the violation in this bit.  Once this bit is set, the only way to unset the bit is to reset the RMU.

· [0: No quite time violation has occurred,  1: At least one quit time violation has occurred]

EndOfSuperframe – A superframe is ten seconds of science data that the science task performs signal processing on.  The science task flags the end of each superframe on the 10th second.

· [0: Seconds 1 – 9 of superframe,  1: Second 10 of superframe]

EndOfFrame – A frame is two seconds of science data.  Some calculations made by the science task are made across frames.

· [0: Second 1 of the frame,  1: Second 2 of the frame]

Detector_Chan3_Config – The science task keeps track of what it wants the channel 3 configuration (enable / disable) to be.  In the Mla_Status packet, DetectChan3 telemetry point gives what the hardware says the channel 3 configuration is.  This telemetry point only reflects what the science tasks wants (and assumes to be true) the channel 3 configuration to be.

· [0: Channel 3 disabled, 1: Channel 3 enabled]

· Mla_Ovr_Chan_Disables, Mla_Dis_Ovr_Chan_Disables

· Mla_Chan_Threshold_Config – WILL NOT affect this telemetry point

Detector_Chan2_Config – The science task keeps track of what it wants the channel 2 configuration (enable / disable) to be.  In the Mla_Status packet, DetectChan2 telemetry point gives what the hardware says the channel 2 configuration is.  This telemetry point only reflects what the science tasks wants (and assumes to be true) the channel 2 configuration to be.

· [0: Channel 2 disabled, 1: Channel 2 enabled]

· Mla_Ovr_Chan_Disables, Mla_Dis_Ovr_Chan_Disables

· Mla_Chan_Threshold_Config – WILL NOT affect this telemetry point

Detector_Chan1_Lo_Config – The science task keeps track of what it wants the channel 1 low configuration (enable / disable) to be.  In the Mla_Status packet, DetectChan1lo telemetry point gives what the hardware says the channel 1 low configuration is.  This telemetry point only reflects what the science tasks wants (and assumes to be true) the channel 1 low configuration to be.

· [0: Channel 1 low disabled, 1: Channel 1 low enabled]

· Mla_Ovr_Chan_Disables, Mla_Dis_Ovr_Chan_Disables

· Mla_Chan_Threshold_Config – WILL NOT affect this telemetry point

Detector_Chan1_Hi_Config – The science task keeps track of what it wants the channel 1 high configuration (enable / disable) to be.  In the Mla_Status packet, DetectChan1hi telemetry point gives what the hardware says the channel 1 high configuration is.  This telemetry point only reflects what the science tasks wants (and assumes to be true) the channel 1 high configuration to be.

· [0: Channel 1 high  disabled,  1: Channel 1 high enabled]

· Mla_Ovr_Chan_Disables, Mla_Dis_Ovr_Chan_Disables

· Mla_Chan_Threshold_Config – WILL NOT affect this telemetry point

LaserDiodePulseWidthMin – Every shot the laser diode pulse width is measured.  The laser diode pulse is connected to the high speed input module (HSI) of the 80c196 microcontroller.  The flight software configures the HSI to measure the time between any rising and falling edge on the laser diode pulse signal.   When the laser fires, this signal pulses, and the HSI measures the time, and that time is reported to the science task.  Each second, the science task analyzes the eight times it receives (one time measurement per shot, eight shots per second) and reports in this telemetry point the minimum time measured for that second.

· Units – microseconds (us)

LaserDiodePulseWidthMax – See definition for LaserDiodePulseWidthMin.  This telemetry point reports the maximum time measured for the second.

· Units – microseconds (us)

LaserDiodePulseWidthMean – See definition for LaserDiodePulseWidthMin.  This telemetry point reports the average time measured for the second.

· Units – microseconds (us)

Start_Pulse_Data[33] – Every shot the laser fire is time stamped by the RMU.  That time stamp is reported here in telemetry.  The array is a bit packed array containing the eight shots of start pulses for the second.  The format of the bit packed array is as follows:

· 8 22-bit fields of leading edge data

i. 12 bits of coarse time

ii. 10 bits of fine time

· 8 11-bit fields of trailing edge data

i. 1 bit of width coarse time

ii. 10 bits of fine time

LaserDiodeCurrentMonitorMin – Each time the laser fires, the AEM begins an auto-conversion sequence which executes (in conjunction with the FPGA) two consecutive A/D conversions on MUX addresses 0 and 1.  See Hardware :: AEM Board in the MLA FSW Maintenance Guide for a complete description of the auto-conversion sequence.  The Laser Diode Current is MUX address 0 and is automatically converted (A/D) with each laser fire.  The value of that conversion is reported to the science task.  Each second the science task analyzes the previous second of conversions (eight of them) and reports in this telemetry point the minimum value measured.  It is important to note that when the laser is not on (as in Standby, or in Science when the laser is commanded off), this telemetry point is still valid.  The flight software checks for the laser configuration, and if the laser is off, the flight software will manually perform the A/D conversion and report this value to the science task.

· Units – raw A/D counts

LaserDiodeCurrentMonitorMax – See definition for LaserDiodeCurrentMonitorMin.  This telemetry point reports the maximum value measured for the second.

· Units – raw A/D counts

LaserDiodeCurrentMonitorMean – See definition for LaserDiodeCurrentMonitorMin.  This telemetry point reports the average value measured for the second.

· Units – raw A/D counts

TxPulseEnergy[8] – Each time the laser fires, the AEM begins an auto-conversion sequence which executes (in conjunction with the FPGA) two consecutive A/D conversions on MUX addresses 0 and 1.  See Hardware :: AEM Board in the MLA FSW Maintenance Guide for a complete description of the auto-conversion sequence.  The Tx Pulse Energy is MUX address 1 and is automatically converted (A/D) with each laser fire.  The value of that conversion is reported to the science task.  The science task saves these values in this array.  Entry x refers to the measured Tx Pulse Energy for shot x.

· Units – raw A/D counts

Chan_1_HighPidStatus – Every shot the RMU will attempt to time stamp one return on channel 1 high.  The science task will always downlink the time stamp associated with channel 1 high for each shot.  But it may be the case that the channel 1 high return that was time stamped was not a valid pulse.  If that is the case, the science task flags the above bit mask.  Using the fact that there are eight shots in a second, and eight bits in a byte, the above byte captures the entire seconds worth of high return valid flags.

· [Bit x is 0:  the channel 1 high return for shot x was VALID,  Bit x is 1: the channel 1 high return for shot x was INVALID]

RangeGateStart – After every laser fire there is a window of time where the RMU collects returns and time stamps them.  That window is referred to as the range window.  The beginning of that window is the range gate start.  Each shot, the science task configures the RMU for the next shot by setting the range gate start and stop value.  Even though the range gate is written to the hardware every shot, it is only updated once a second by the science task.  The value written to the RMU hardware is then reported in telemetry.  It is important to know that the RangeGateStart value includes the Tx Start Pulse time.  If the science algorithms determine that a 100 km start gate is needed, and the Tx Start Pulse time is 10 km, the value commanded to the RMU and reported in telemetry will be 110 km.

· Units – 30m

RangeGateStop – See definition for RangeGateStart.  This telemetry point is the range gate stop value.

· Units – 30m

Det_Chan1_Hi_Threshold_Shot1 – The channel thresholds are commanded to the AEM hardware every shot by the science task (via ADCs).  Every four shots they are calculated by the science task.  In science telemetry there are two points that correspond to each channel threshold: *_shot1, and *_shot5.  These correspond to the two threshold calculations for that second, and report the value the science task wrote to the AEM hardware for that channel.  Due to a delay in the software, it turns out that Shot5 is the threshold calculation of the previous second, and Shot1 is of the current second – therefore Shot5 will have the next iteration of the algorithm calculation for thresholds, then Shot1.

· Units – AEM DAC counts.  See Maintenance guide for polynomials.  See Dactomv spreadsheet. 

Det_Chan1_Hi_Threshold_Shot5 – see Det_Chan1_Hi_Threshold_Shot1 description.

Det_Chan1_Lo_Threshold_Shot1– see Det_Chan1_Hi_Threshold_Shot1 description.

Det_Chan1_Lo_Threshold_Shot5– see Det_Chan1_Hi_Threshold_Shot1 description.

Det_Chan2_Threshold_Shot1– see Det_Chan1_Hi_Threshold_Shot1 description.

Det_Chan2_Threshold_Shot5– see Det_Chan1_Hi_Threshold_Shot1 description.

Det_Chan3_Threshold_Shot1– see Det_Chan1_Hi_Threshold_Shot1 description.

Det_Chan3_Threshold_Shot5– see Det_Chan1_Hi_Threshold_Shot1 description.

Detector_VGA_Setting – The VGA gain is commanded to the AEM hardware every shot by the science task (via an ADC).  In mode 0, the VGA gain is a constant value, and should not change.  In mode 1, the VGA gain is calculated by the science task every ten seconds (superframe). This telemetry point reports the value written to the AEM hardware.

· Units – AEM DAC counts.  See Maintenance guide for polynomials.

Noise_Counter_Chan1_Hi_Shot1_4 – Every shot the RMU keeps a count of how many noise hits were detected (the number of pulses that crossed the channel threshold for a given shot) and records it in the RMU data.  The science task sums these noise counts over four shots for each channel, converts it into a plog format, and reports it in these telemetry points.

· Units – plog noise counts.  

· To convert from plog (P) to counts (C):  

i. E = ((P >> 4) & 0x0F) 

ii. M = (P & 0x0F) | 0x10

iii. C = (M << E) >> 4

Noise_Counter_Chan1_Hi_Shot5_8 – see Noise_Counter_Chan1_Hi_Shot1_4 description.

Noise_Counter_Chan1_Lo_Shot1_4 – see Noise_Counter_Chan1_Hi_Shot1_4 description.

Noise_Counter_Chan1_Lo_Shot5_8 – see Noise_Counter_Chan1_Hi_Shot1_4 description.

Noise_Counter_Chan2_Shot1_4 – see Noise_Counter_Chan1_Hi_Shot1_4 description.

Noise_Counter_Chan2_Shot5_8 – see Noise_Counter_Chan1_Hi_Shot1_4 description.

Noise_Counter_Chan3_Shot1_4 – see Noise_Counter_Chan1_Hi_Shot1_4 description.

Noise_Counter_Chan3_Shot5_8 – see Noise_Counter_Chan1_Hi_Shot1_4 description.

RangeRate – Calculated once a second by the science task, this telemetry point is the derivative of the spacecraft range. It is calculated by taking the current spacecraft range, subtracting the last known good spacecraft range, and dividing by the number of seconds between them. For instance, if the current range is 70 km, and the last good range was 60 km received 2 seconds ago, the range rate would be ( 70-60) / 2 or 5 km per second. In telemetry this would be converted to 30m units, so the RangeRate would be (5 * 1000) / 30 or ~ 167.

· Units – 30m per second

SignalBins - For odd numbered seconds, counting from zero, it gives the signal bin number for the appropriate lower histogram.  There are 5 frames, each two seconds in length in a superframe.  Hence there are 5 such histogram signal bins and the appropriate one is displayed.  The upper bit of the value is cleared. For even numbered seconds, counting from zero, it gives the signal number bin for the upper histogram.  The signal bin is just middle bin of clump that establishes signal - there actually is no formal definition!  The upper bit of the value is set.

BinThreshold - For odd numbered seconds, counting from zero, it is the minimum count needed in a bin of a lower histogram in order to establish signal for that lower histogram. The upper bit of the value is cleared.  For even numbered seconds, counting from zero, it gives the minimum count of the number of returns summed over all of the bins in the upper histogram that are needed to establish signal.  The upper bit of the value is set.

FrameReturnsProcessCount – Gives the number of returns actually tabulated in a lower histogram during a frame ( 2 seconds).
ScraftRange – Every second, the spacecraft sends the MLA instrument a MET message that contains the spacecraft range (with respect to Mercury).  This message is routed to the science task each second.  As soon as the science task receives the message it extracts the range and uses it in the algorithms.  The range value that it uses is reported in this telemetry point.  It is important to note that as soon as the science task receives a range message it begins using the new range in its calculations.  Therefore it is possible that the spacecraft range reported here is not the one that was used throughout the entire second of algorithm calculations.

· Units – 30m

SignalFramePerSuper - There are five frames per superframe.  This identifier provides the number of frames in the superframe showing signal.  Recall that to have signal based on the lower histograms, there must be at least 4 frames out of 5 showing signal.

OneBitSpare_1 – Spare bit.

OutOfSynchWith1PPS – The science task keeps track of which shot of the second it thinks it is processing.  The first shot of every second, the science task checks itself, and examines internal flight software variables that keep track of the shots and determines if it is in synch.  If it turns out that the flight software says that the current shot is some other shot than shot 0, then the science task will mark this flag, and not do anything (including outputting telemetry) until it is in synch again.  (Logically, on every first shot, the code just says to exit unless the current shot is 0.  This means that the science code will keep exiting and getting re-awoken until the current shot is back to 0).

· [0: In synch with 1PPS,  1: Out of synch with 1PPS]

InvalidStartPulseId – Each shot the laser fire time is time stamped by the RMU.  That time stamp is referred to as the Tx Start Pulse time.  If the start pulse is invalid, the RMU flags it.  If during the second, any of the start pulses are flagged as invalid by the RMU, the science task sets this flag.  It is impossible to know which start pulse was invalid just using this flag.

· [0: All start pulses for the second were valid,  1: At least one start pulse during the second was invalid]

AemWriteErr – This telemetry point is actually misnamed.  This point should read RmuWriteErr.  When the science task writes the range gates to the RMU, it reads them back and verifies that it reads what it wrote.  If what it reads back is not what it wrote, then it flags this telemetry point.

· [0: No error, 1: Error]

InvalidConfig – If the science task is configured to mode2 sub mode 1, and spacecraft range mode 2, then it flags this telemetry point.  This is an impossible configuration and should never occur.  As such, this telemetry point should always be 0.

· [0: Valid,  1: Invalid]

CorruptMemory – The science task performs some vary basic checks on variables that should never go outside a certain range.  These variables are mostly internal variables used in the code.  If these variables go outside of their valid range, this telemetry point is flagged.  This should never be 1.

· [0: OK,  1: Not OK]

SignalFound – there are two histograms that the science task builds when it post processes the 10 seconds worth of science data: the upper histogram consisting of the high returns, and the lower histogram, consisting of the low returns.

· [0: No signal,  1: Upper Found,  2: Lower Found,  3: Both Upper and Lower found]

SecsToComputeRdot – See description of the RangeRate.  This telemetry point is the divisor: the number of seconds between the two known spacecraft ranges.  It can also be thought of as the number of seconds ago that the last good range was received.  This should nominally be 1.

· Units – seconds

RdotFitError – this telemetry point only is applicable in science algorithms mode 2, which is unimplemented.  Therefore, this telemetry point is not applicable.

Time_1Hz_To_RUPT_0_15 – The RMU automatically measures the time from the 1PPS signal to the first RUPT of the second.  That time is reported by the science task in these telemetry points.  This telemetry point is the least significant 16 bits of the time.

· Units – 125ns 

· The units apply to the reconstructed time.  When combined, the number is in 125ns units.

Time_1Hz_To_RUPT_16_23 – See Time_1Hz_To_RUPT_0_15 description.  This is the most significant 8 bits of the definition.

Time_1Hz_To_RUPT_PAD – Because of the compiler and ground system byte and word alignment needs, the science packet needed a pad byte here in order to keep everything aligned.

High_Return_Data[40] – Every shot the channel 1 high return pulse is time stamped by the RMU.  That time stamp is reported here in telemetry.  The array is a bit packed array containing the eight shots of channel 1 high returns for the second.  The format of the bit packed array is as follows:

· Eight 26-bit fields of leading edge data

i. 16 bits of coarse time

ii. 10 bits of fine time

· Eight 14-bit fields of trailing edge data

i. 4 bits of width coarse time

ii. 10 bits of fine time

WideFilterShotReturnCounts[8] – The RMU has the capability to time stamp 15 low returns (returns on channels 1 low, 2, and 3).  The flight software automatically throws away the last 5 possible returns giving a total of 10 possible low returns per shot.  Every 10 seconds (superframe), the science algorithms perform signal processing on the previous ten seconds worth of data.  The result is that the science task selects which low return time stamped by the RMU will be down-linked for each shot of the ten second period (80 shots).  Over the next 10 seconds, the science task goes back and down-links the data corresponding to the second 10 seconds earlier.  For each of those seconds, there are 8 shots of data, each with a possibility of 10 low returns.  This telemetry array contains the number of low returns per shot.  Entry x contains the number of low returns down-linked in shot x.

Low_Returns_Data[720] – Every shot, up to 10 low return (channel 1 low, 2, 3) pulses are time stamped by the RMU.  Those time stamps are reported here in telemetry.  The array is a bit packed array containing the eight shots of low return data for the second.  The format of the bit packed array is as follows:

· Up to 80 low returns

i. 3 bits – leading edge id (001 – ch1,  010 – ch2,  100 – ch3)

ii. 3 bits – trailing edge id (001 – ch1,  010 – ch2,  100 – ch3)

iii. 16 bits – leading edge coarse time

iv. 10 bits – leading edge fine time

v. 2 bits – spare

vi. 4 bits – width coarse time

vii. 10 bits – trailing edge fine time

II.J. MLA_CompressedSciData

( Data[4096]               , , ,   8; )

  NumPktsBuffered          , , ,  16;

  Pkt1_Length              , , ,  16;

  Pkt2_Length              , , ,  16;

  Pkt3_Length              , , ,  16;

  Pkt4_Length              , , ,  16;

  Compressed_Output[2048]  , , ,   8;

The compressed science data packet is an alternate science packet, and is mutually exclusive with MLA_ScienceRaw (i.e. if one of them is coming down in telemetry, the other is not).  MLA_CompressedSciData normally contains 4 seconds worth of MLA_ScienceRaw packets that have been buffered and compressed using the Rice compression algorithm.  The generation of the compressed science packet is handled by the data compression task.

The default configuration of the flight software is that compression is off.  When compression is off, the science task generates a science packet (MLA_ScienceRaw) once a second and that is routed directly to the telemetry framer task which places it in an ITF and transmits it to the ground.  When compression is on, the science packet is not sent to the telemetry framer task but is instead sent to the data compression task.  The data compression task buffers four science packets into a buffer before it compresses the buffer to produce the compressed science packet (MLA_CompressedSciData), which is then routed to the telemetry framer task, placed in an ITF and transmitted to the ground.  There is a timeout on the buffering – if the data compression task fails to receive a science packet for 10 seconds AND there is at least one science packet buffered, it will compress the buffer as it is and produce the compressed science packet from that.

NumPktsBuffered – This telemetry point specifies how many science packets where buffered and compressed in this packet.  It should never read a value of 0 or greater than 4.

Pkt1_Length – length of the first science packet compressed in the packet.

Pkt2_Length – length of the second science packet compressed in the packet.  Will be zero if there is not a second science packet.

Pkt3_Length – length of the third science packet compressed in the packet.  Will be zero if there is not third a science packet.

Pkt4_Length – length of the fourth science packet compressed in the packet.  Will be zero if there is not a fourth science packet.

Compressed_Output[2048] – The raw compressed output of the Rice algorithm on the science packet buffer.  The rice algorithm was slightly customized to fit the nature of the science data, therefore a standard Rice decompression algorithm will not work in decompressing this array.  The flight software team has provided the custom decompression routine.

II.L. MLA_MemDump

  Address                  , , ,  32;

  DumpLength               , , ,  16;

  MemType                  , , ,   8;

                           , , ,   8;


  DumpData16[128]          , , ,  16;

A memory dump is a packet that reports the values of a continuous block of memory.  The maximum size of a memory dump is 256 bytes.  Therefore, if a memory dump is required to cover an area of memory that is larger than 256 bytes, multiple packets are needed.  These packets are spanned over multiple seconds with the maxium rate of one per second.  The flight software uses the memory read interval variable to determine how often it will generate a memory dump .  The Boot Loader will only produce one memory dump per second.  When a memory read command is issued and in the following seconds, the ITF will contain a portion of the memory that is requesting to be dumped, until all the memory requested is covered.

Address – this is the address of the start of the memory where the dump is reading.  It could also be thought of as the address of DumpData16[0].

DumpLength – this is the number of bytes of memory reported in the DumpData16 array.

MemType – this is not used by the flight software or the boot loader.

DumpData16 – this is the array of memory values reported by the flight software and the boot loader.

II.L. MLA_BootLoader

     CmdAcceptCtr        , , ,  16;

  CmdRejectCtr        , , ,  16;

  TlmFrameCtr         , , ,  16;

  TlmErrorCtr         , , ,  16;

  ErrorFlag           , , ,  32;

  LoadCmdAddress      , , ,  32;

  LoadCmdByteCnt      , , ,  16;

  DumpCmdAddress      , , ,  32;

  DumpCmdByteCnt      , , ,  16;

  CrcCmdAddress       , , ,  32;

  CrcWordCnt          , , ,  16;

  CrcResult           , , ,  16;

  CopyCmdSrcAddress   , , ,  32;

  CopyCmdDestAddress  , , ,  32;

  CopyCmdByteCnt      , , ,  16;

  BootCmdAddress      , , ,  32;

  BootCmdError        , , ,  16;

  JumpCmdAddress      , , ,  32;

  LoadDirCmdError     , , ,  16;

  DumpFilter          , , ,  16;

  DumpActive          , , ,   8;

  MemWriteEnable      , , ,   8;

The MLA_Bootloader packet is produced by the PROM boot loader program, and is the only packet that the boot loader produces (including command echoes).  See the section in I.B Booting for a complete description of the boot process.  This packet is always produced once a second while in the boot loader as long as the 1PPS signal is being received.  If the 1PPS signal is not being received, then this packet will not be generated.  There is no way to configure the boot loader to behave any differently.

It is important to note that the boot loader code is not being run by a real-time operating system but is implemented as a simple execution loop.  For this reason, it is possible (and very easy) to delay the generation of the MLA_Bootloader packet by commanding the boot loader to execute a task that takes longer than one second to complete.  These tasks constitute memory loads, memory copies, and memory checksums.  Depending upon the parameters passed to these commands, and the speed with which consecutive commands are sent, a delay of multiple seconds can be seen.

It is also important to realize that the boot loader only produces the MLA_Bootloader packet, which means that all command verification must be done inside this packet.  That is why there are many telemetry points that are not applicable except after a command has been sent.  The way the boot loader handles commands, means that the next telemetry packet will not be generated until the current command finishes executing and there are no more commands to execute.  Therefore, when there are multiple telemetry points in the MLA_Bootloader packet that are updated as a result of a command, all of those points will update together.  Furthermore, they will remain at those values until the next command that affects them is executed.

CmdAcceptCtr – every time the boot loader receives a command and executes it without problems, this counter is incremented.

CmdRejectCtr – every time the boot loader receives a command and encounters problems executing it, this counter is incremented.

TlmFrameCtr – every time the boot loader produces an ITF this counter increments.

TlmErrorCtr – every time the boot loader fails to output an ITF this counter increments

ErrorFlag – This is a 32 bit mask where each bit in the mask represents an error condition.  This is done because the boot loader does not produce error packets.  If an error occurs it flags the error in this ErrorFlag mask.  The flagged error stays flagged until manually cleared by a counter clear command or a reset.  See appendix F for a list of what each bit corresponds to.

LoadCmdAddress – when a load command is issued to the boot loader, the start address of the load is placed here.  See appendix C for the memory map.

LoadCmdByteCnt – when a load command is issued to the boot loader, the byte count of the load is placed here.  

DumpCmdAddress – when a dump command (memory read) is issued to the boot loader, the start address of the dump is placed here.  See appendix C for the memory map.

DumpCmdByteCnt – when a dump command (memory read) is issued to the boot loader, the byte count of the dump is placed here. 

CrcCmdAddress – when a CRC command (memory check) is issued to the boot loader, the start address of the CRC is placed here.  See appendix C for the memory map.

CrcWordCnt – when a CRC command (memory check) is issued to the boot loader, the word count of the CRC is placed here.  

CrcResult – when a CRC command (memory check) is issued to the boot loader, the result of the CRC is placed here.  

CopyCmdSrcAddress – when a copy command is issued to the boot loader, the source address of the copy is placed here.  See appendix C for the memory map.

CopyCmdDestAddress – when a copy command is issued to the boot loader, the destination address of the copy is placed here.  See appendix C for the memory map.
CopyCmdByteCnt– when a copy command is issued to the boot loader, the byte count of the copy is placed here.

BootCmdAddress – when a Mla_Rom_Go command is issued, the boot loader retrieves a load directive at the specified address.  That address is placed here.

BootCmdError – if the boot loader fails to process the specified load directive when executing a Mla_Rom_Go command, the failure code is placed here.

JumpCmdAddress – if the boot loader receives a Mla_Mem_Run command, (which will transition the execution of the processor to SRAM), and the specified run address is invalid, then the invalid address will be reported here.

LoadDirCmdError – the result of the boot loader executing a command to validate the specified load directive is placed here.

DumpFilter – the rate at which the boot loader reads memory for a memory dump and appends it to the boot loader data.

DumpActive – When the boot loader is commanded to perform a memory dump (memory read), it does not create a second memory dump packet and place that in the ITF, it instead appends the memory dump data to the end of the boot loader packet (MLA_Bootloader). When this telemetry point is 1, it means that following the boot loader data in the MLA_Bootloader packet is memory dump data.

· [0: Inactive,  1: Active]

MemWriteEnable – The boot loader must receive a memory write enable command before it will allow memory loads or memory copies.  The default configuration of the boot loader is that the memory write enable is disabled.

· [0: Memory is not allowed to be written,  1: Memory is allowed to be written]

III. Flight Software Characterization

General Use

· When the instrument is powered on, the Boot Loader code will be active

i. The Boot Loader code is permanently burned into PROMs on the CPU board

ii. The purpose of the Boot Loader is to provide a fail safe mechanism to load software and perform memory diagnostic functions like dumps and CRCs.

iii. When sending commands to the Boot Loader, there are no command echos, you must check the command accept and reject counters in the boot loader packet.

iv. The Boot Loader will not accept any commands or produce any telemetry with out receiving at least one 1Hz pulse.  Once the first 1Hz pulse is received, the Boot Loader will produce a telemetry packet for each subsequent 1Hz, and will receive commands without any further 1Hz. pulses.

v. To exit the Boot Loader

1. ROM_BOOT – attempts to load the flight software out of the default EEPROM load directives.

2. ROM_GO – attempts to load the flight software out of EEPROM at the specified load directive address

3. MEM_RUN – will jump execution to the specified memory address

· When the Flight Software begins to run, it will by default come up in Boot / Keep Alive mode.

i. Functionally, this mode is exactly the same as Application / Keep Alive mode, but is present to conform to the APL GIIS.

ii. In order to proceed to Standby mode, the flight software must be in Application / Keep Alive

iii. To transition to Application / Keep Alive call MEM_RUN – will do nothing except change the mode

· When the Flight Software is in Application / Keep Alive, it is ready to be transitioned to Standby.

i. PCA is low power

ii. LASER is off

iii. RMU is off

iv. To transition to Standby call GOTO_STANDBY

· When the Flight Software is in Standby, it is read to be transitioned to Science

i. PCA is high power

ii. LASER is off

iii. RMU is on and generating an 8Hz RUPT

iv. To transition to Science call GOTO_SCIENCE

· When the Flight Software is in Science, it is performing the science algorithms and producing the science packet every second.

i. PCA is high power

ii. LASER is on

iii. RMU is on and generating an 8Hz RUPT

Startup Messages –  EEPROM Flight Software
· Command Echo INITIALIZATION_SCRIPT(232) – At startup, and initialization script is internally commanded by the flight software.  The echo of that script is displayed in the first ITF at startup.

· Event TRANSITION_TO_KEEP_ALIVE(255,5) – In the initialization script, the software calls the Mla_Goto_Keep_Alive script, which generates the above event message to indicate that the flight software is successfully in keep alive mode.

· Event SCRIPT_BUILD_3_5(255,23) – In the initialization script, the software generates an event message that gives the version of the scripts.

· Alarm OS_XXX_RESET(170 + x, FSW Version) – The software determines what the conditions were that booted the instrument and then displays the appropriate alarm.

i. OS_PWR_RESET(170,ver) – the instrument was turned on after being powered off.

ii. OS_CMD_RESET(171,ver) – the CPU executed a reset instruction to reboot.

iii. OS_WDT_RESET(172,ver) – the CPU board FPGA caused a CPU reset after the watchdog expired.

iv. OS_CMD_WDT_RESET(173,ver) – the software is unable to determine the cause of the reset because an illegal value is present in the hardware,  this is an error condition, and should never occur.

· At power on, the first event message to be displayed will be a reset Event.  This is generated by the Boot Loader and follows the same characteristics as the above reset Alarm.  The reset Alarm generated by the flight software will always match the reset Event that is generated by the Boot Loader.

Timing

· Keep Alive - 6%

· Standby - 13%

· Science with out compression - 33% - 45%

· Science with compression - 40% - 80%

Pre-Allocated Memory Usage (Code & Data)

· Data Page 0 – 99%

· Data Page 1 – 63%

· Data Page 2 – 87%

· Data Page 3 – 67%

· Code Page 0 – 89%

· Code Page 1 – 85%

· Code Page 2 – 58%

· Code Page 3 – 86%

· EEPROM Code & Const Data – 91%

· EEPROM Scripts – 13 Kbytes

Compression

	Number Low Returns Per Shot
	0
	3
	6
	10

	Compression Ratio
	18%
	9%
	6%
	4%


Appendix A: Telemetry Packets

	Name
	Rate
	Associated Command
	Description

	********************
	************
	*******************
	**************************

	MLA_CmdEcho
	One per Command
	Any command.
	Command Echo

	MLA_Alarm
	One per Alarm
	N/A
	Errors or alarming events

	MLA_MemChecksum
	One per CRC command
	Mla_Mem_Check
	Contains the result of a CRC command

	MLA_MemDump
	One per 256 bytes of a dump command
	Mla_Mem_Read
	Contains at most 256 bytes of a memory read

	********************
	************
	*******************
	**************************

	MLA_Event
	One per Event
	N/A
	Events that occur that are not “alarming”

	MLA_Status
	Every 16 sec in Science mode, every 600 sec otherwise
	Mla_Stat_Int
	GIIS required status packet – instrument health and safety

	MLA_ScienceRaw
	Every second in Science mode
	N/A
	Raw science data directly from the science algorithms

	MLA_CompressedSciData
	Every 4 seconds in Science Mode
	Toggle_Data_Compression
	Compressed raw science data that has been buffered for 4 seconds

	MLA_BootLoader
	Every second in Boot Loader
	N/A
	The sole telemetry packet produced by the boot loader

	********************
	************
	*******************
	**************************

	MLA_SwDiagnostic
	Every second when commanded on
	Mla_Sw_Diag_Tlm_Config
	Software Diagnostics – for characterization of software

	MLA_HwDiagnostic
	Every RUPT when commanded on
	Mla_Hw_Diag_Tlm_Config
	The complete set of data read from the RMU after each RUPT as well as the ADC values of the DACs

	MLA_HwDiagLite
	Every RUPT when commanded on
	Mla_Hw_Diag_Tlm_Config
	A reduced set of MLA_HwDiagnostic

	********************
	************
	*******************
	**************************

	MLA_TableDump
	One per Command
	Mla_Dump_Table
	Contains at most 256 bytes of a software table

	MLA_IoRegisterDump
	One per Command
	Mla_Io_Dump
	Reads the values stored as bytes in the FPGA I/O space


Appendix B: Telemetry Packet ApIds

	Packet Name
	ApID
	Default Rate

	
	
	

	Mla_CmdEcho
	1
	1 per command

	Mla_Alarm
	2
	1 per alarm

	Mla_Status
	5
	Every 600 seconds (Keep Alive, Standby) 
Every 16 seconds (Science)

	Mla_CompressedSciData
	16
	Every 4 seconds in Science mode

	Mla_SwDiagnostic
	18
	Every second if commanded on

	Mla_HwDiagnostic
	19
	Every RUPT if commanded on

	Mla_ScienceRaw
	21
	Every second in Science mode

	Mla_HwDiagLite
	24
	Every RUPT if commanded on


Appendix C: Memory Address Representation

	ADDRESS MIN
	ADDRESS MAX
	CONTENTS
	PAGE REGISTER

	
	
	
	

	0x00000
	0x07FFF
	DRAM PAGE 0
	28

	0x08000
	0x0FFFF
	DRAM PAGE 1
	29

	0x10000
	0x17FFF
	DRAM PAGE 2 
	2A

	0x18000
	0x1FFFF
	DRAM PAGE 3
	2B

	0x20000
	0x27FFF
	DRAM PAGE 4
	2C

	0x28000
	0x2FFFF
	DRAM PAGE 5
	2D

	0x30000
	0x37FFF
	DRAM PAGE 6
	2E

	0x38000
	0x3FFFF
	DRAM PAGE 7
	2F

	
	
	
	

	0x40000
	0x47FFF
	IRAM PAGE 0
	20

	0x48000
	0x4FFFF
	IRAM PAGE 1
	21

	0x50000
	0x57FFF
	IRAM PAGE 2
	22

	0x58000
	0x5FFFF
	IRAM PAGE 3
	23

	0x60000
	0x67FFF
	IRAM PAGE 4
	24

	0x68000
	0x6FFFF
	IRAM PAGE 5
	25

	0x70000
	0x77FFF
	IRAM PAGE 6
	26

	0x78000
	0x7FFFF
	IRAM PAGE 7
	27

	
	
	
	

	0x80000
	0x87FFF
	EEPROM PAGE 0
	40

	0x88000
	0x8FFFF
	EEPROM PAGE 1
	41

	0x90000
	0x97FFF
	EEPROM PAGE 2
	42

	0x98000
	0x9FFFF
	EEPROM PAGE 3
	43

	0xA0000
	0xA7FFF
	EEPROM PAGE 4
	44

	0xA8000
	0xAFFFF
	EEPROM PAGE 5
	45

	0xB0000
	0xB7FFF
	EEPROM PAGE 6
	46

	0xB8000
	0xBFFFF
	EEPROM PAGE 7
	47

	
	
	
	

	0xC0000
	0xC7FFF
	PROM PAGE 0
	10

	0xC8000
	0xCFFFF
	PROM PAGE 1
	11


Appendix D: Alarm Codes

NO_ERROR                         
0

UNKNOWN_OPCODE                   
2

BAD_ARGUMENT                     
3

BAD_EEPROM_CHECKSUM              
8

WRITE_TO_PROTECTED_MEM          
10

SB_wrn_no_apid_2_unmap 


16

SB_err_unmap_apid 


20

SB_err_not_mapped 


21

SB_err_bad_map_prior 


22

SB_err_map_bad_apid 


23

SB_err_no_map_blocks 


24

SB_err_bad_dest_dest 


25

SB_err_bad_dest_task 


26

SB_err_bad_dest_mask 


27

SB_err_bad_dest_method 


28

SB_err_no_qblocks 


29

SB_err_q_not_inited 


30

SB_err_bad_qinit_words 


31

SB_err_no_pend 



32

SB_err_pkt_too_big 


33

SB_err_bad_dest 



34

SB_err_bad_q_method 


35

SB_err_show_bad_apid 


36

SB_err_show_bad_dest 


37

SB_err_send_bad_apid 


38

SB_err_bad_filter_id 


39

SB_err_filter_bad_apid 


40

SB_err_bad_filter_off 


41

SB_err_copy_no_memory 


42

SB_err_pkt_quota_xcd 


43

SB_err_map_dest      


44

SB_err_no_way 



45

SB_err_map_2_isr  


46

SB_err_isr_dest_init 


47

SB_err_rcv_qptr 



48

SB_err_bad_pkt_size 


49

SB_err_no_isr_dest 


50

SB_err_bad_isr_rcv_dest 

51

SB_err_bad_q_type 


52

SB_err_pkt_from_ISR 


53

SB_err_pkt_2_small  


54

SB_err_duplicate_dest 


55

SB_err_not_pkt 



56

SB_err_no_pkts_2_isrs 


57

SC_err_no_dest 



60

SC_invalid_task_id 


61

SC_invalid_task_slot 


62

SB_message_dropped 


63

IO_err_genpkt_nomem    


70

IO_err_genpkt_size     


71

IO_err_genpkt_apid     


72

IO_err_bad_sys_var     


73

IO_err_bad_ivar        


74

IO_err_div_zero        


75

IO_err_gen_pkt_size    


76

IO_err_bad_read_args   


77

IO_err_bad_read_type   


78

IO_err_bad_write_type  


79

IO_err_bad_write_arg   


80

IO_err_null_read_addr  


81

IO_err_bad_read_bits   


82

IO_err_null_write_addr 


83

IO_err_bad_write_bits  


84

IO_err_bad_op_code     


85

CP_err_cmd_bad_size 


90

CP_err_bad_function 


91

CP_err_cmd_apid     


92

CP_err_unknown_apid 


93

CP_err_checksum     


94

CP_err_kill_cmd     


95

CP_err_not_implemented 


96

CP_err_call_depth   


97

CP_err_smg_not_loaded 


98

CP_err_link_apid    


99

CP_err_link_cmd_id  


100

CP_err_unlink_apid  


101

CP_err_bad_suspend  


102

CP_err_no_delay     


103

CP_err_2_many_args  


104

CP_err_bad_memory_type 


105

CP_err_no_stored_cmds 


106

CP_err_cmd_id_2_big 


107

CP_err_cmd_is_already_suspended 
108

CP_err_tbl_id_too_big 


109

CP_err_tbl_size_is_0  


110

CP_err_tbl_dump_2_big 


111

CP_err_bad_load_addr  


112

CP_err_load_2_big     


113

CP_err_page_overrun   


114

CP_err_EE_tbl_overrun 


115

CP_err_smg_id_2_big   


116

CP_err_smg_undefined  


117

CP_err_bad_ee_write   


118

CP_err_sub_pkt_2_big  


119

CP_err_bad_patch_addr 


120

CP_err_odd_ld_addr    


121

TM_err_kill_link      


122

TM_err_kill_wait      


123

TM_err_bad_strt_timer 


124

TM_err_bad_strt_delay 


125

TM_err_no_stop_timer  


126

TM_err_no_timers_left 


127

SU_err_bad_page_num   


128

SI_Start_Pulse_Missing        
129

SI_Bad_SCFlag_Submode         
130

SI_CannotWriteRMUData         
131

SD_tof_latchup                
132

SD_autoconv_failed            
138

SI_Memory_Corrupted           
139

SD_bad_aem_address            
140

SD_cannot_get_aem_data        
141

SD_hsi2_too_many_events       
142

SD_hsi2_both_edges_not_read   
143

CRC_address_too_big     

144

CRC_num_bytes_too_big   

145

CS_err_bad_checksum           
150

CS_err_tbl_id_too_big         
151

CS_err_tbl_size_is_0          
152

CS_err_page_overrun           
153

CS_err_odd_tbl_addr           
154

OS_err_pwr_reset              
170

OS_err_cmd_reset              
171

OS_err_wdt_reset              
172

OS_err_cmd_wdt_reset          
173

TF_err_dump_in_progress       
180

TF_err_dump_memory_overrun    
181

TF_err_dump_page_overrun      
182

TF_err_odd_dump_address       
183

MM_err_bad_data_page          
190

MM_err_buf_too_big            
191

MM_err_buf_too_small          
192

MM_err_no_memory              
193

MM_err_bad_address            
194

MM_err_pool_too_small         
195

MM_err_pool_buf_size          
196

MM_err_bad_chains             
197

MM_err_bad_maptab             
198

CP_err_never_occur_once       
199

SCRIPT_Write_Disabled         
200

DI_err_bad_destination        
201

DI_err_bad_macro_code         
202

DC_compression_buffer_overrun 
203

DC_nonsequential_seq_cnts     
204

DC_unable_to_send_data        
205

DC_max_data_type_overrun      
206

DC_frame_buffer_overrun       
207

CP_err_bad_dump_address       
220

CP_err_bad_dump_count         
221

CP_err_ee_protected           
222

CP_err_boot_code              
223

IDLE_spacecraft_met_missing   
224

DI_err_bad_cmd_ITF_checksum   
225

DI_err_bad_time_ITF_checksum  
226

DI_err_bad_cmd_checksum       
227

DI_err_bad_itf_type           
228

SCRIPT_alarm_code             
255

Appendix E: Event Codes

Script_Safe_Exec 



1  

Script_Shutdown_Exec 


2  

Script_Power_Off_Exec 


3  

Script_Mem_Write_Disabled 

4

Script_Transition_To_Keep_Alive 
5  

Script_Transition_To_Standby 

6     

Script_Transition_To_Science 

7  

Script_Failure_To_Enter_Standby 
8  

Script_Failure_To_Enter_Science 
9  

Script_Cmd_Null 



10 

Script_Not_In_Boot_Mode 

12 

Script_Transition_To_App_Mode 
13

Script_Param_Out_Of_Bounds 

14

Script_Build_3_0 



15

Script_Build_3_1 



16

Script_Build_3_2 



17

Script_Command_Not_Allowed 

18

Script_Build_3_3 



19

Script_Met_Checkin_Failure_Exec 
20  

Script_Checksum_Failure_Exec 

21  

Script_Build_3_4 



22

Script_Build_3_5 



23

 Appendix F: Boot Loader Error Bit Flags
Error Name



    Bit

BL_wrn_lost_tlm            0

BL_err_itf_msg_2_big       1

BL_err_itf_msg_2_fast      2

BL_err_bad_msg_type        3

BL_err_bad_msg_csum        4

BL_err_bad_macro_id        5

BL_err_bad_dest_id         6

BL_err_bad_cmd_len         7

BL_err_bad_op_code         8

BL_err_bad_time_len        9

BL_err_bad_cmd_csum        10

BL_err_bad_mem_addr        11

BL_err_page_overrun        12

BL_err_bad_page_num        13

BL_err_bad_mem_type        14

BL_err_bad_ee_write        15

BL_err_ee_protected        16

BL_err_no_dumps            17

BL_err_bad_byte_cnt        18

BL_err_bad_load_dir        19

BL_err_bad_ld_proc         20

BL_err_bad_dmp_fltr        21

BL_err_mem_wr_disabled     22

BL_err_bad_mem_wr_param    23

BL_err_bad_clear_param     24

BL_err_bad_jump_addr       25

BL_err_bad_load_dir_make   26

Appendix G: Conversion Polynomials

	Channel
	Channel Name
	Polynomial
	Units

	0
	Laser Diode Current Monitor
	I = 0.5431*D-6.759
	Amps

	1
	Tx Pulse Energy
	E = 6.938e-5*D^2 + .08847*D -1.155
	mJ

	2
	Det_Vgain
	V = 0.0109*D-1.364
	Volts

	
	
	G = 1.845E-8*DAC^3 + 4.464E-6*DAC^2 + .04593*DAC - .9301; 20<DAC<230 nom.
	Absolute Gain

	
	
	G = 5.681E-5*D^2 + 0.1005*D  - 1.98
	Absolute Gain

	
	
	DAC = -0.104*G^2 + 21.839*G +2.014
	DAC Counts

	3
	TX Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC  = 208.5*VTx + 2.3
	DAC Counts

	4
	Rx Ch1Lo Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC = 3924*V1LO + 12.41
	DAC Counts

	5
	Rx Ch1Hi Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC = 3930*V1hi + 11.99
	DAC Counts

	6
	Rx Ch2 Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC = 1893*V2 + 8.97
	DAC Counts

	7
	Rx Ch3 Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC Code = 1011*V3 + 14.21
	DAC Counts

	8
	AE_+2.5V_1
	V = 0.0109*D-0.1338
	Volts

	9
	AE_+5V_1
	V = .02195D - .2697
	Volts

	10
	AE_-5V_1
	V = -0.0217*D+0.2452
	Volts

	11
	AE_+12V_1
	V = 0.05145*D-.619
	Volts

	12
	AE_+32V_1
	V = 0.1748*D-2.118
	Volts

	13
	High Voltage Monitor
	V = 3.752*D-46.1
	Volts

	14
	Spare
	
	

	15
	Detector Board Temp
	T = -1.012E-5*D^3+3.986E-3*D^2-8.326E-1*D+8.03E+1
	Degrees C

	16
	Altimeter Detector Temp
	“
	“

	17
	Analog Board Temp
	“
	“

	18
	RMU Board Temp
	“
	“

	19
	RMU XTAL Oscillator Temp
	“
	“

	20
	CPU Board Temperature
	“
	“

	21
	Laser Electronics Temp
	“
	“

	22
	Laser Amplifier Temp
	“
	“

	23
	Laser Oscillator Temp
	“
	“

	24
	PCA Temp
	“
	“

	25
	Beam Expander Top Temp
	“
	“

	26
	Beam Expander Base Temp
	“
	“

	27
	RX Tube Base Temp
	“
	“

	28
	MLA Housing Temp
	“
	“

	29
	Temp CAL LO
	“
	“

	30
	Temp CAL HI
	“
	“

	31
	Duplicate Detector Board Temp
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