3.2	SOFTWARE INTERFACES

This section documents three categories of flight software interfaces. The Navigation Camera (NavCam) low level interface, the NavCam’s scan mirror (NavMirr) low level interface, and the Navigation flight software (Nav FSW) which takes inputs from each of the others to help track the scan mirror on the comet nucleus during closest approach.

3.2.1 NAVIGATION CAMERA INTERFACE

The Navigation Camera (NavCam), is used on approach to the nucleus to more accurately navigate to the desired miss distance.  During close encounter, the NavCam images are used to steer a mirror which allows science pictures to be collected through the encounter.  This section describes the interface between the NavCam hardware and the flight software.  Images are returned over a high rate 16 bit port, and commands and engineering data are exchanged over a dedicated RS422 8 bit port.



3.2.1.1 	Common Requirements

All commands and telemetry shall be sent with 8 data bits and an even parity bit.

Bit value of ì0î shall turn off a function and a ì1î shall turn on a function.

Communications both from and to the NavCam shall have an even number of 8 bit bytes.

NOP commands (byte of all zeros) shall result in no action.



3.2.1.2 Spacecraft Flight Software Requirements

All commands to the NavCam from the S/C shall be explicit.

FSW shall implement primitive commands which adhere to the NavCam bit interface definitions defined below in sections 3.2.1.4,

FSW shall send all commands to the NavCam,

FSW shall not send commands for the duration of NavCam telemetry transmissions,

FSW shall not change NavCam registers while previous NavCam execute commands are busy (continue to execute),

FSW shall enable the PACI to accept NavCam echo data before sending a command, 

FSW shall collect engineering telemetry from the NavCam,

FSW shall verify command echoes of exposure duration, and compression setting, before submitting a “take picture” command.

FSW shall verify command echoes of “number of filter wheel positions to advance” before submitting an “advance filter wheel” command.

FSW shall allow ground controllers to interact with the NavCam at the primitive command level to perform diagnostics for troubleshooting of in-flight anomalies.



3.2.1.3	NavCam Hardware Requirements

All commands received by the NavCam shall reside in registers which are read/writeable via send commands and telemetry requests from the S/C.

All commands received by the NavCam shall be echoed back to the S/C passing back any parity errors which were received.

All commands received with parity errors shall be ignored.

The NavCam shall implement primitive commands which adhere to the NavCam bit interface definitions defined below in sections 3.1.2.4,

The NavCam shall dump pixels from the CCD at a rate of 307,200 pixels/sec

The NavCam shall provide a 262,144 16-bit word FIFO to buffer image data.

3.2.1.4	NavCam Inputs and Register Description



The commands passed to the NavCam over the low rate NavCam RS-422 interface shall be:



��MSB�������LSB��Command Description��7�6�5�4�3�2�1�0��Execute�register #0�0�0�0�0�TA�TD�FN�EN��Shutter time,  lower LSBs�register #1�0�0�0�1�E4�E3�E2�E1��Shutter time, mid bits�register #2�0�0�1�0�E8�E7�E6�E5��Shutter time, high bits�register #3�0�0�1�1�E12�E11�E10�E9��Telemetry mux  select�register #4�0�1�0�0�x�T3�T2�T1��Lamps, compression, FIFO.�register #5�0�1�0�1�FF�FE�C1�L1��Bulb Mode/ Wheel steps �register #6�0�1�1�0�BN�W3�W2�W1��Filter Wheel Position�register #7�0�1�1�1�PP�P3�P2�P1��

x is a spare or unused bit location.



Register 0 allows the execution of  commands as depicted in the command bits below.  Only 1 bit can be set in this byte per command submission.

TA enables the NavCam telemetry mux to sample a pre-selected analog engineering measurement, and will supply four bytes of data back to the low rate port with the value of the requested channel.  The NavCam zeros this bit once the engineering data has been queued up for delivery.  FSW commands with TA=0 will be ignored by the NavCam and not clear the NavCam’s value for TA when this command is busy.

TD enables the NavCam telemetry mux to sample all digital engineering measurements (the above registers 0 through 7), and will supply eight bytes of data back to the low rate port. The NavCam zeros this bit once the engineering data has been queued up for delivery. FSW commands with TD=0 will be ignored by the NavCam and not clear the NavCam’s value for TD when this command is busy.

FN enables the filter wheel to move a pre-entered number of filter positions.  The NavCam zeros this bit once the filter wheel motion is complete, which is approximately 1 second per postition moved. FSW commands with FN=0 will be ignored by the NavCam and not clear the NavCam’s value for FN when this command is busy.

EN enables a shutter timed exposure and the read of all registers  in the UART (TD internally generated) when set to a one (1).  This command takes an image with a pre-entered exposure duration.  The NavCam returns the bit to a zero (0), when the shutter exposure time has elapsed and the FIFO empty bit is cleared. However if this E N  is still set 5 seconds after the shutter has closed, it will be forced to a zero (0). FSW commands with EN=0 will be ignored by the NavCam and not clear the NavCam’s value for EN when this command is busy.  This command supplies eight bytes of data back to the low rate port, and 1,073,152 8 bit bytes (for compressed images), or 2,142,208 8 bit bytes (for uncompressed images) out the high rate interface.



Registers 1, 2, 3 store the 12 bit exposure time for the shutter, bit E12 is the MSB.  The exposure time will be 5ms * the binary number with a maximum exposure of 20.48 seconds.  Taking an image with a 0ms exposure duration will take a black image without opening the shutter, which is useful for test purposes.



Register 4 selects which 12 bit analog telemetry channel is to be read back to the S/C, bit T3  is the MSB of the register select field, and TA is the enable.  The data return is 4 bytes - see examples in sections 3.2.1.6.5 and 3.2.1.6.6.



Register 5 has several bit types defined below:

L1turns on (1) and off (0) the calibration test lamp.  This bit is not set or reset by the NavCam, and the light stays on as long as the bit is a one (1); there is no enable.

C1 turns on data compression (1), causing each pixel to be scaled to 8 bits.  If zero (0), then the pixels are 12 bits each right justified with leading zeros in a 16 bit word.  The NavCam does not set or reset this bit position and there is no enable command.

FF and FE bits are read only bits to indicate when the NavCam image FIFO buffer is empty (FE =1) or full (FF =1). When the buffer becomes full, pixel data is overwritten in the NavCam’s FIFO.  FF is a latched value which is cleared only when EN is set to a 1 to take a new image.   In the normal course of action, therefore, the FF delivered as a result of the EN command will represent the state of the FIFO just before the new image was taken and represent the previous image’s success. FE is not latched and is set to a one (1) whenever there is no data in the FIFO.



Register 6 has bulb and filter wheel control:

BN is a bulb enable where the shutter stays open as long as this bit is a one (1). This bit is not set or reset by the NavCam and there is no execute command enable.  The bit is cleared (0) as a result of a S/C command.  No picture is taken, only the shutter is controlled.  To take long exposures, an EN command must also be sent via primitive sequence commands after the desired exposure delay and BN is cleared to zero (0).

W3 - W1  is the number of steps or filter wheel positions to be moved. Each step takes one second, so a three step move would take three seconds. Moving 0 steps causes no action.  FN is the enable which causes the advance by   W3 W2 W1  steps (W3  is the MSB).



Register 7 contains a read-only current filter wheel position. P3 contains the MSB, and P1 contains the LSB.  PP contains a special even(TBR) parity bit for the 3 bit field.



3.2.1.5		NavCam Outputs

The NavCam can output status and telemetry data over the low rate RS422 interface, and image data over the high rate channel.  Each of these are addressed individually over the next two sections.



�3.2.1.5.1		NavCam Status/Telemetry Outputs

The data passed to the S/C over the low rate NavCam RS-422 interface shall be:



�MSB�������LSB��Command Description�7�6�5�4�3�2�1�0��Analog Channel selected (1 of 8)�1�0�0�0�1�T3�T2�T1�� Analog lower nibble data�1�0�0�1�A4�A3�A2�A1��Analog middle nibble data�1�0�1�0�A8�A7�A6�A5��Analog high nibble data�1�0�1�1�A12�A11�A10�A9������������Read All Registers����������   register #0�1�0�0�0�TA�TD�FN�EN��   register #1�1�0�0�1�E4�E3�E2�E1��   register #2�1�0�1�0�E8�E7�E6�E5��   register #3�1�0�1�1�E12�E11�E10�E9��   register #4�1�1�0�0�x�T3�T2�T1��   register #5�1�1�0�1�FF�FE�C1�L1��   register #6�1�1�1�0�BN�W3�W2�W1��   register #7�1�1�1�1�PP�P3�P2�P1��

where 	A12 - A1 is a 12 bit analog value with A12 being the msb.

	TA will always be a 0 by the nature of the timing.

	TD will always be a 1 by the nature of the timing.



NOTE:    All telemetry data will have bit 7=1.





3.2.1.5.2		NavCam Image Outputs

When commanded to take an image the NavCam returns data through the high rate interface as describes below.

3.2.1.5.2.1	Compressed Image Data

	0000LLLL PP......PPBB..BB

	0000LLLL PP......PPBB..BB

		.

		.

	0000LLLL PP......PPBB..BB



	Where 0000LLLL is a 32 bit line # which counts from 0 to 1023 for each image.

	Where PP...PP is 1024 pixels (8 bit pixels stuffed into 16 bit transfers with the 1st

	 pixel in the most significant byte and the second pixel in the least significant byte)

	 for the given line.

	Where BB..BB is 20 pixels (8 bit pixels stuffed into 16 bit transfers with the 1st

	 pixel in the most significant byte and the second pixel in the least significant byte)

	 of  baseline stabilization (BLS)



1024 lines exist for each image for a total of 8,585,216 bits (=1,073,152 bytes = 1.02344 Mbytes).



Example of two pixels into a 16 bit serial transfer packet:

MSB���������������LSB���16 bit Serial Packet���MSB�Pixel  #1�LSB�MSB�Pixel  #2�LSB��



3.2.1.5.2.2	Uncompressed Image Data

	0000LLLL 0PPP......0PPPBB..BB

	0000LLLL 0PPP......0PPPBB..BB

		.

		.

	0000LLLL 0PPP......0PPPBBBBB



	Where 0000LLLL is a 32 bit line # which counts from 0 to 1023 for each image.

	Where 0PPP......0PPP is 1024 pixels (12 bit pixels expanded into 16 bit transfers)

		 for the given line

	Where BB..BB is 20 pixels (12 bit pixels expanded into 16 bit transfers) of  

		baseline stabilization (BLS).



Example a 12 bit pixel in a 16 bit serial transfer packet:

MSB���������������LSB���16 bit Serial Packet���0�0�0�0�MSB�12 bit Pixel�LSB��



1024 lines exist for each image for a total of 17,137,664 bits (2,142,208 bytes = 2.0430 Mbytes)



Though the line number never exceeds 16 bits, 32 bits are used which always yields exactly one instance of 0000 per line (since pixel values will always be nonzero), this is useful for debug and test since lines can be more easily parsed.



3.2.1.6	NavCam Communication

Through the mission, the flight software will communicate with the NavCam as depicted in the following sections

3.2.1.6.1	Normal Compressed 25ms Image - Primitive Commands

	FSW->NavCam 	01010010P	Compression on

	FSW->NavCam 	00110000P 	Exposure to 25ms

	FSW->NavCam 	00100000P		.

	FSW->NavCam 	00010101P		.

	NavCam->FSW 	01010010P	ECHO-Compression on

	NavCam->FSW 	00110000P 	ECHO of exposure duration validated

	NavCam->FSW	00100000P		.

	NavCam->FSW 	00010101P		.

	FSW->NavCam 	00000001P	Take image

	FSW->NavCam	00000000P	NOP byte to flush PACI

	NavCam->FSW 	00000001P 	ECHO of take image command validated

	NavCam->FSW	00000000P	ECHO of NOP byte

	NavCam->FSW	10000100P	Reg 0 - TD set

	NavCam->FSW	10010101P	Reg 1 \ 

	NavCam->FSW	10100000P	Reg 2 - Exposure time 25ms 

	NavCam->FSW	10110000P	Reg 3 /	

	NavCam->FSW	11000010P	Reg 4 - Last requested analog chnl = 2

	NavCam->FSW	11010110P	Reg 5 - FIFO empty, compression on

	NavCam->FSW	10110010P	Reg 6 - Bulb off, last req’d FW steps = 2 

	NavCam->FSW	11110011P	Reg 7 - Current FW position=3



3.2.1.6.2	Abnormal Compressed 25ms Image - Primitive Commands

	FSW->NavCam 	01010010P	Compression on

	FSW->NavCam 	00010101P  	Exposure to 25ms

	FSW->NavCam 	00100000P		.

	FSW->NavCam 	00110000P		.

	NavCam->FSW 	01010011P	BAD ECHO of compression on

	NavCam->FSW 	00010101P 	ECHO of exposure duration validated	

	NavCam->FSW	00100000P		.

	NavCam->FSW 	00110000P		.

	FSW->NavCam 	01010010P	REPEAT- Compression on

	FSW->NavCam	00000000P	NOP byte to flush PACI

	NavCam->FSW 	01010010P	ECHO-Compression on validated

	NavCam->FSW	00000000P	ECHO of NOP

	FSW->NavCam 	00000001P	Take image

	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW 	00000001P 	ECHO of take image command validated

	NavCam->FSW	00000000P	ECHO of NOP

	NavCam->FSW	10000100P	Reg 0 - TD set

	NavCam->FSW	10010101P	Reg 1 \ 

	NavCam->FSW	10100000P	Reg 2 - Exposure time 25ms 

	NavCam->FSW	10110000P	Reg 3 /	

	NavCam->FSW	11000010P	Reg 4 - Last requested analog chnl = 2

	NavCam->FSW	11010110P	Reg 5 - FIFO empty, compression on

	NavCam->FSW	10110010P	Reg 6 - Bulb off, last req’d FW steps = 2 

	NavCam->FSW	11110011P	Reg 7 - Current FW position=3



3.2.1.6.3	Normal Advance of Filter Wheel - Primitive Commands

	FSW->NavCam 	0110B101P	Setup to advance filter wheel 5 positions

 	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW	0110B101P	ECHO of setup command

            NavCam->FSW	00000000P	ECHO of flush NOP

	FSW->NavCam	00000010P	Advance filter wheel

	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW	00000010P	ECHO of advance filter wheel

	NavCam->FSW	00000000P	ECHO of flush NOP



3.2.1.6.4	Abormal Advance of Filter Wheel - Primitive Commands

	FSW->NavCam 	0110B101P	Setup to advance filter wheel 5 positions

 	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW	1110B101P	BAD ECHO of setup command

            NavCam->FSW	00000000P	ECHO of flush NOP

	FSW->NavCam 	0110B101P	REPEAT setup to advance wheel 5 positions

 	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW	0110B101P	ECHO of setup command

            NavCam->FSW	00000000P	ECHO of flush NOP

	FSW->NavCam	00000010P	Advance filter wheel

	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW	00000010P	ECHO of advance filter wheel

	NavCam->FSW	00000000P	ECHO of flush NOP



3.2.1.6.5	Normal Collection of Analog Channel - Primitive Commands

	FSW->NavCam 	01000010P	Setup to get analog channel 2 Tlm

	FSW->NavCam	00001000P	Enable mux to get Tlm

	NavCam->FSW	01000010P	ECHO of setup command

            NavCam->FSW	00001000P	ECHO of enable mux command

	NavCam->FSW	10001010P	Analog Channel 2 Tlm follows

	NavCam->FSW	10111101P	  

	NavCam->FSW	10100101P	  

	NavCam->FSW	10010110P	  - Channel value is 110101010110

3.2.1.6.6	Abnormal Collection of Digital Channel - Primitive Commands

	FSW->NavCam 	00000100P	Read All Registers command

	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW 	00000110P 	BAD ECHO of Read All Registers command

	NavCam->FSW	00000000P	ECHO of NOP

	FSW->NavCam 	00000100P	REPEAT Read All Registers command

	FSW->NavCam	00000000P	NOP to flush PACI

	NavCam->FSW 	00000100P 	ECHO of Read All Registers command

	NavCam->FSW	00000000P	ECHO of NOP

	NavCam->FSW	10000100P	Reg 0 - TD set

	NavCam->FSW	10010101P	Reg 1 \ 

	NavCam->FSW	10100000P	Reg 2 - Exposure time 25ms 

	NavCam->FSW	10110000P	Reg 3 /	

	NavCam->FSW	11000110P	Reg 4 - Last requested analog chnl = 6

	NavCam->FSW	11010110P	Reg 5 - FIFO empty, compression on

	NavCam->FSW	10110011P	Reg 6 - Bulb off, last req’d FW steps = 3 

	NavCam->FSW	11110111P	Reg 7 - Current FW position=7



3.2.1.6.7	Collection of Compressed Image Data



NavCam generates 30,838 8 bit bytes per 100ms

	(300*1024 8 bit pixels/sec and 4 bytes of line number per 1044 pixels)

CPU reads 29 (TBR) image lines per 100ms = 30,392 8 bit bytes every 100ms

Two image lines are stored to the NavCam FIFO before any data is released to the PACI

Image transfer in 3.531 seconds

NavCam FIFO utilization - 3%

3.2.1.6.8	 Collection of Uncompressed Image Data



NavCam generates 61,558 8 bit bytes per 100ms

	(300*1024 16 bit pixels/sec and 4 bytes of line number per 1044 pixels)

CPU reads 23 (TBR) image lines per 100ms = 48,116 8 bit bytes every 100ms

Image transfer in 4.452 seconds

NavCam FIFO utilization - 89.7%

	(61,558-48,116 bytes collected for each of 35 100ms cycles that the NavCam is

	 filling the FIFO taking 235,235 of the 262,144 words)

3.2.1.7	Stow and Safing Operations

Upon entering safing mode, the narrow band filter shall be selected and the shutter shall be locked open to protect the shutter from sunshine down the boresight, then the NavCam box shall be powered off.  Note that NavCam anomalous behavior may be corrected by simply cycling power on the box, which can clear FPGA lockup and return the unit to a power-on-reset state.



3.2.2 NAVIGATION MIRROR INTERFACE

The Navigation Mirror (NavMirr), allows the NavCam boresight to be rotated from pointing ahead of the S/C (+x) into the velocity vector, to pointing below the S/C (-z), to looking directly behind the S/C (-x).  This front to rear rotation occurs as the S/C flies past the nucleus, so that science images can continue to be collected during close encounter.  The boresight is always reflected at 90 degrees.  This section describes the interface between the NavMirr hardware and the flight software.  NavMirr commands and engineering data are exchanged over a dedicated RS422 8 bit port.

3.2.2.1 	Common Requirements

All commands and telemetry shall be sent with 8 data bits and an even parity bit.

Bit value of ì0î shall turn off a function and a ì1î shall turn on a function.

Communications both from and to the NavCam shall have an even number of 8 bit bytes.

NOP commands (byte of all zeros) shall result in no action.



3.2.2.2 Spacecraft Flight Software Requirements

All 8 bit commands to the NavMirr from the S/C shall be explicit.

FSW shall implement primitive commands which adhere to the NavMirr bit interface definitions defined below in sections 3.2.2.4,

FSW shall send all commands to the NavMirr,

FSW shall not send commands for the duration of NavCam telemetry transmissions,

FSW shall not change NavMirr registers while previous NavMirr execute commands are busy (continue to execute),

FSW shall enable the PACI to accept NavCam echo data before sending a command, 

FSW shall collect engineering telemetry from the NavMirr,

FSW shall verify command echoes of the velocity setup command before submitting an “enable new mirror rate” command.

FSW shall allow ground controllers to interact with the NavMirr at the primitive command level to perform diagnostics for troubleshooting of in-flight anomalies.

FSW shall confirm that the NavMirr motor is stopped before changing the direction of the NavMirr by waiting at least 100ms after commanding the motor off,

FSW shall not command the mirror backwards (body -x to +x), during the close encounter, but rather wait for other pointing errors to “catch up”.  This requirement is needed to prevent an attitude error from backing the mirror up, perhaps beyond it’s ability (3 deg/sec) to catch up, once the attitude error is corrected. 

FSW shall command the NavMirr no slower than TBD due to stiction.



3.2.2.3	NavMirr Hardware Requirements

All commands received by the NavMirr shall reside in registers which are read/writeable via send commands and telemetry requests from the S/C.

All commands received by the NavMirr shall be echoed back to the S/C passing back any parity errors which were received.

All commands received with parity errors shall be ignored.

The NavMirr shall implement primitive commands which adhere to the NavMirr bit interface definitions defined below in sections 3.2.2.4.

The NavMirr shall allow mirror rotation rates up to TBD degrees/sec in TBD/256 degree steps.



3.2.2.4	NavMirr Inputs and Register Description

The commands passed to the NavCam over the low rate NavCam RS-422 interface shall be:



��MSB�������LSB��Command Description��7�6�5�4�3�2�1�0��Execute�register #0�0�0�0�0�x�TD�x�VN��Velocity, lower nibble�register #1�0�0�0�1�V4�V3�V2�V1��Velocity, high nibble �register #2�0�0�1�0�V8�V7�V6�V5��Motor, Heater and Direction�register #3�0�0�1�1�x�M1�H1�D1��

x is a spare or unused bit location.



Register 0 allows the execution of  commands as depicted in the command bits below.  Only 1 bit can be set in this byte per command submission.

TD when set to one (1), enables the NavMirr telemetry mux to sample all digital engineering measurement (the above registers 0 through 3), and will supply four bytes of data back to the low rate port.  The NavMirr zeros this bit once the engineering data has been queued up for delivery (<3ms) - see sections 3.2.2.6.5 and 3.2.2.6.6.



VN when set to one (1), enables the preenterd mirror velocity V8 -V1 to execute.  This bit is zeroed by the NavMirr after the V8 -V1 bits are strobed to the DAC to execute the new mirror velocity (<=1ms). 



Registers 1 and 2 preset the 8 bit desired mirror velocity, bit V8 is the MSB.  The mirror velocity time will be the 8 bit binary number * TBD degrees/sec.



Register 3 has several different bit fields:

M1  turns on the NavMirr when set to one (1), and turns off the NavMirr when set to zero (0).  The NavMirr will not set or reset this bit.

H1  turns on (1) and off (0) the NavMirr heater.  This bit is not set or reset by the NavMirr.

D1  when set to one (1), presets the NavMirr rotation to be front to back (body +x to -x), and if set to zero (0), enables the rotation to be back to front (body -x to +x).  The NavMirr does not set or reset this bit.

3.2.2.5		NavMirr Status/Telemetry Outputs

The NavMirr only outputs digital status and telemetry data over the low rate RS422 interface. The format for reading all registers is detailed below.



�MSB�������LSB��Command Description�7�6�5�4�3�2�1�0��Read All Registers����������register #0�1�0�0�0�x�TD�x�VN��register #1�1�0�0�1�V4�V3�V2�V1��register #2�1�0�1�0�V8�V7�V6�V5��register #3�1�0�1�1�x�M1�H1�D1��

where 	TD will always be a 1 by the nature of the timing.



NOTE:    All telemetry data will have bit 7=1.

3.2.2.6	NavMirr Communication

Through the mission, the flight software will communicate with the NavMirr as depicted in the following sections.  Only during encounter and in-flight tests will the NavMirr be excersized.  During close encounter a new NavMirr rate can be commanded every 100ms.  The NavMirr will not be commanded during approach imaging since attitude control can maintain pointing sufficiently to minimize smear.

3.2.2.6.1	Normal NavMirr Velocity - Primitive Commands

	FSW->NavMirr 	00011100P	Preset velocity to 

 	FSW->NavMirr	00101011P	10111100 = 188*.0117 = 2.1996 deg/sec

	NavMirr->FSW 	00011100P	ECHO validated

	NavMirr->FSW	00101011P	ECHO validated

	FSW->NavMirr 	00000001P	Execute NavMirr velocity

	FSW->NavMirr	00000000P	NOP byte to flush PACI

	NavMirr->FSW 	00000001P 	ECHO validated

	NavMirr->FSW	00000000P	ECHO



3.2.2.6.2	Abnormal NavMirr Velocity - Primitive Commands

	FSW->NavMirr 	00011100P	Preset velocity to 

 	FSW->NavMirr	00101011P	10111100 = 188*.0117 = 2.1996 deg/sec

	NavMirr->FSW 	00111100P	BAD ECHO

	NavMirr->FSW	00101011P	ECHO validated

	FSW->NavMirr 	00011100P	REPEAT Preset velocity

	FSW->NavMirr	00000000P	NOP to flush PACI

	NavMirr->FSW 	00011100P	ECHO validated

	NavMirr->FSW	00000000P	ECHO of NOP

	FSW->NavMirr 	00000001P	Execute NavMirr velocity

	FSW->NavMirr	00000000P	NOP byte to flush PACI

	NavMirr->FSW 	00000001P 	ECHO validated

	NavMirr->FSW	00000000P	ECHO

3.2.2.6.3	Normal NavMirr Direction - Primitive Commands

	FSW->NavMirr 	00110MH1P	Set direction to forward 

	FSW->NavMirr	00000000P	NOP byte to flush PACI

	NavMirr->FSW	00110MH1P	ECHO validated

	NavMirr->FSW	00000000P	ECHO of NOP



	where 	H is the last commanded heater state masked into this command.

		M is the last commanded motor state masked into this command.

3.2.2.6.4	Abnormal NavMirr Direction - Primitive Commands

	FSW->NavMirr 	00110MH1P	Set direction to forward 

	FSW->NavMirr	00000000P	NOP byte to flush PACI

	NavMirr->FSW	00111MH1P	BAD ECHO

	NavMirr->FSW	00000000P	ECHO of NOP

	FSW->NavMirr 	00110MH1P	REPEAT Set direction to forward 

	FSW->NavMirr	00000000P	NOP byte to flush PACI

	NavMirr->FSW	00110MH1P	ECHO Validated

	NavMirr->FSW	00000000P	ECHO of NOP



	where 	H is the last commanded heater state masked into this command.

		M is the last commanded motor state masked into this command.



3.2.2.6.5	Normal Collection of Digital Channels - Primitive Commands

	FSW->NavMirr 	00000100P	Read All Registers command

	FSW->NavMirr	00000000P	NOP to flush PACI

	NavMirr->FSW 	00000100P 	ECHO of Read All Registers command

	NavMirr->FSW	00000000P	ECHO of NOP

	NavMirr->FSW	10000100P	Reg 0 - TD set

	NavMirr->FSW	10011100P	Reg 1 \ 

	NavMirr->FSW	10101011P	Reg 2 - Velocity is  2.1996 deg/sec 

	NavMirr->FSW	10110101P	Reg 3 - Motor on and direction forward.

3.2.2.6.6	Abnormal Collection of Digital Channels- Primitive Commands

	FSW->NavMirr 	00000100P	Read All Registers command

	FSW->NavMirr	00000000P	NOP to flush PACI

	NavMirr->FSW 	00100100P 	BAD ECHO of Read All Registers command

	NavMirr->FSW	00000000P	ECHO of NOP

	FSW->NavMirr 	00000100P	REPEAT Read All Registers command

	FSW->NavMirr	00000000P	NOP to flush PACI

	NavMirr->FSW 	00000100P 	ECHO of Read All Registers command

	NavMirr->FSW	00000000P	ECHO of NOP

	NavMirr->FSW	10000100P	Reg 0 - TD set

	NavMirr->FSW	10011100P	Reg 1 \ 

	NavMirr->FSW	10101011P	Reg 2 - Velocity is  2.1996 deg/sec 

	NavMirr->FSW	10110101P	Reg 3 - Motor on and direction forward.

3.2.2.7	Stow Operations

The NavMirr heater will be powered off as necessary, the mirror will be commanded to reflect the back of the whipple shield (to prevent sunlight from entering the NavCam), and then the NavMirr box will be powered off.

3.2.2.8	Safing Operations

The NavMirr heater will be powered off as necessary, and then the NavMirr box will be powered off.  Commands to move the mirror to reflect the back of the whipple shield into the boresight will not be performed.  Sun down the NavCam boresight (for less than TBD seconds) should not cause permanant damage with the selected narrow band filter (see section 3.2.1.7) providing extra protection.  Too much power would be required for potentially over a minute to move the mirror in such a fashion.  Though sustained sun down the boresight is undesirable and may require repeated in-flight calibrations to be performed (lens corruption, etc), no flight keep-out zones are required.

3.2.3 NAVIGATION FLIGHT SOFTWARE INTERFACE

The Nav Flight Software is developed at JPL and extracts windows of pixels around the nucleus and select stars, generates inertial mirror vectors to track the nucleus during close encounter, and computes a center of brightness on the nucleus during close encounter to determine comet location.  This section describes the interface between the navigation flight software and the rest of the flight software (called spacecraft flight software).



3.2.3.1 Spacecraft Flight Software 

The Spacecraft Flight Software (RAD6000 resident and developed by LMA) shall be responsible for development and test of:

a.	providing a NavCam image and corresponding format type to the Nav flight software,

b.	provide a table of image times for nucleus tracking to predict future mirror rates,

c.	implementing uplinked commands to control the NavCam and mirror as defined in the Stardust Command Dictionary (SD-72200-300),

d.	Collecting,time-tagging and storing image data from the NavCam,

e.	Packetizing the image data for downlink,

f.	NavCam mirror position determination processing,

g. 	NavCam mirror commanding which takes an inertial mirror command, a S/C attitude estimate, and an attitude rate estimate, and outputs mirror rate commands at 10Hz.

3.2.3.2	Nav Flight Software

The Nav Flight Software (RAD6000 resident and developed by JPL)  shall be responsible for development and test of:

a 	centroiding flight software to locate the center of the nucleus within an image (to be used during close encounter),

b.	nucleus tracking flight software which takes as input:

		1) the 1024x1024 pixel image (either 8 bit or 16 bit pixels),

		2) shutter start time, and exposure duration,

		3) Camera to inertial (J2000, EME) transformation,

		4) Current mirror position,

		5) Current S/C attitude,

		6) An uplinked mirror profile for the estimated flyby distance,

	and generates as outputs:

		1) intertial (J2000, EME) line of sight (vector and rate in the inertial frame at

		     the next imaging time) to the nucleus to feed mirror commanding,

		2) a spacecraft roll command to direct attitude control to roll about the x-axis

		    the appropriate amount to maintain the nucleus in the NavCam field of 

		    view (potentially sacrificing the HGA link.

c.	window compression to first locate the nucleus in front of specified background stars and then extract boxes of pixels around the nucleus (of size x by x) and optionally, pixels around up to 10 stars (of size y by y), where x and y are uplinked parameters. This is needed before encounter when nucleus is too small for centroiding,

d.	perform a lossless compression of NavCam image which may be already square root compressed, and may be window compressed. The compression algorithm may(TBR) also be required to compress data (and potentially CIDA spectral data)

	

3.2.3.3	Computer Resource Allocations

The Spacecraft shall allocate both volatile (DRAM) and non-volatile (EEPROM) memory resources for NavCam software and science data.

3.2.3.3.1	Science Data Storage

The Spacecraft shall have 0.600 Gigabits (80,530,636 8 bit bytes) of DRAM allocated to NavCam data during comet encounter until the data is downlinked to Earth.

3.2.3.3.2	 Storage Allocations in NavCam

The NavCam instrument will be capable of storing a total of 4194304 bits of data (262,144 16 bit words).  This is approximately 1.71 seconds of throughput for compressed image data, and 0.87 seconds for uncompressed image data.

3.2.3.3.3	Nav Flight Software Memory Allocation

The Spacecraft shall have 2.4 Mega bits (307,200 8 bit bytes) available to store Nav flight software in DRAM.  Additionally, an appropriate amount of EEPROM will be reserved to store this software compressed (~2:1) in each C&DH string. 

3.2.3.3.4	Nav Flight Software Timing Allocation

CPU Time - 	Far Encounter (Rad6000 @ 5Mhz) 10% duty cycle, 20 sec (TBR).

		Close Encounter (Rad6000 @ 20Mhz) 50% duty cycle, 1.5 sec (TBR).



3.2.3.4		Software Standards

Nav algorithms shall be programmed in ANSI Standard “C”, Version 2

3.2.3.4.1	Vx Works Compatibility

Algorithms hosted in the Spacecraft processor shall be compatible with Vx Works Version 5.2 from Wind River Systems as tailored for the Loral Mars Surveyor Program RCS processor board (Board Support Package).

3.2.3.4.2	Implementation Standards

Flight software shall be developed in concordance with the LMA MSP/SD Coding Standards.

3.2.3.5	Failsafe Operations

None








