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1. Introduction


The COmet Nucleus TOUR (CONTOUR) spacecraft carries two imagers, the CONTOUR Remote Imager/Spectrometer (CRISP) and the CONTOUR Forward Imager (CFI).  This document describes the software features unique to the CRISP DPU.  Included are descriptions of sensor architecture, major subsystems, telemetry, commands, support processing, and the boot programs.

1.1 Conventions


For all multi-bit or multi-byte numbers, the first byte sent has the most numerical significance; this is so-called “big-endian” format.  This convention applies to arguments in commands, data in telemetry, and messages over the 1553 bus.

2. Sensor Architecture


The CRISP imagers consists of two imaging subsystems.  A two-dimensional optical imager collects images up to 1024 pixels square.  An infrared spectrometer/imager also collects two-dimensional images up to 256 pixels square; one dimension is spatial and the other is spectral.  The following figure shows a block diagram of the optical path, the major subsystems, and the computer.  The computer consists of two processors.  The Tracking Processor Unit (TPU) controls a scan mirror.  The TPU’s software keeps a target within the field of view.  A second processor, the Data Processing Unit (DPU) controls everything else.  The DPU controls the one-time deployable cover, the filter wheel in the optical image path, the cooler and calibration lamps of IR spectrometer, and orchestrates image collection and transmission to the spacecraft computer.

Figure 1. Sensor Block Diagram

[image: image1.wmf]
3. Subsystems


The major subsystems, including the cover, the imager, its filter wheel, the tracker and mirror, the spectrometer, and the heaters are discussed below.

3.1 Cover


The CRISP optics are protected during launch by a one-time deployable cover.  The cover is deployed by High Output Paraffin (HOP) actuators.  There are two HOP actuators; each actuator has two heaters.  Any one of the four heaters should be sufficient to release the cover.  Each heater can be commanded on independently (CRS_COV_MODE and CRS_COV_DEPLOY).  Each HOP has a photodiode telltale that activates when the HOP is extended.  To read these telltales, power must be commanded (CRS_COV_LED) to a pair of Light-Emitting Diodes (LEDs).

3.2 Imager


The visible imaging subsystem, from the CCD to the software, operates at a 1 Hz cadence.  A simplified timing diagram of the CCD is shown below.  The figure shows two seconds elapsing, i.e. two images being exposed.  CCD operations are synchronized to a 1 Hz system clock.  The internal CRISP 1 Hz clock lags the system-wide clock by ~7 ms.  Image exposures vary in length, but always end 20 ms before the next CRISP 1 Hz pulse.  Consequently, the maximum image exposure time is 980 ms.  The figure shows a normal exposure followed by a minimum length “scrub” exposure.  Scrub exposures are used to fill in time whenever no real image is needed.  This ensures that the CCD is read out every second.  The CCD is a frame-transfer device:  at the end of an exposure, the image is rapidly transferred into a buffer within the CCD.  Then the buffered image is read out of the CCD while the next image is being exposed.  The DPU adds an image header and trailer provided by the DPU software.  The read out of the entire image, including the trailer, must be complete before the end of the exposure.  The time between the end of exposure and the next CRISP 1 Hz pulse is used by the software to configure the image read out (e.g., load the header data) and setup the next exposure.

Figure 2. CCD Timing

[image: image2.wmf]

Each image collected requires five processing steps.  Each step takes one second, but the process can be pipelined such that one image is taken every second.  The resulting five-stage pipeline is shown below.

Figure 3. Image Collection and Processing Pipeline

[image: image3.wmf]

For purposes of command planning, only the first two image processing stages are relevant.  During setup, commands are executed to configure image collection in the following stage.  The following figure shows an example image taking sequence.  The commands that control the sequence are being issued from macros; macros execute at the beginning of each second.  A take image command (CRS_IMG_IMAGE) executed in t will cause the CCD to be exposed in t+1.  Similarly, commands to set the exposure time (CRS_IMG_EXP) and select the filter wheel (CRS_FLT_MOVE) that execute in t will take effect in t+1.  Filter wheel movements begin at the end of exposure; ensuring that the movement is complete before the next exposure is the responsibility of the macro and thus the macro author.

Figure 4. Example Image Sequence

[image: image4.wmf]

The following figure relates the image on the CCD with the instrument’s coordinate system.  The numbers on the pixels in the figure indicate the order in which they are downlinked.  Each pixel is 12 bits.

Figure 5. Visible Image Readout

[image: image5.wmf]

CRISP images come in four possible formats shown in the table below.  The format is selected by command (CRS_IMG_FORMAT).  The formats range from the full size of the CCD (1024x1024) down to smaller and smaller windows into the full image.  A command (CRS_IMG_REGION) selects the origin of the window.  In all of the formats, each line has an additional four dark calibration pixels and a line of temperatures at the end of the image.  Every data item in the image can be compressed from 12 bits to 8 bits if enabled by command (CRS_IMG_COMP_MODE).  The compression is done via table lookup in hardware; one of eight tables can be selected by command (CRS_IMG_COMP_ALG).  Any of these commands executed at time t affect the image exposed at time t+1.

Table 1.  Image Formats

Mode
Pixels/line
Lines
Temperatures

1024 x 1024
4 cal + 1024 pixels
1024
4 cal + 1024 temps

512 x 512
4 cal + 512 pixels
512
4 cal + 512 temps

256 x 256
4 cal + 256 pixels
256
4 cal + 256 temps

128 x 128
4 cal + 128 pixels
128
4 cal + 128 temps


Images are downlinked with a header describing the state of the instrument at the time the image was taken.  The header starts with the time at which the image was collected.  The header includes a snapshot of the current DPU status.  The header also includes the mirror position and velocity profile that was followed during this image’s exposure.  The header format is shown below:

Table 2. Image Header

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET of exposure

Analog
42 * 16
See Table 13
Analog status

Digital
16 * 16
See Table 14
Digital status

Software
88 * 8
See Table 15
Software status

Spare
16 * 8



Mirror Pos.
100 * 32

Mirror goal positions

Mirror Vel.
100 * 32

Mirror goal velocities


Images are also downlinked with a trailer that contains the actual mirror motor command and status words over the exposure.  (This data is in a trailer instead of the header because not all of the data is available when the header is built.)  The trailer format is shown below:

Table 3. Image Trailer

Name
Length

(bits)
Value
Description

Mirror Status
100 * 32

Mirror motor status

Mirror Command
100 * 32

Mirror motor command

Spare
224 * 8




The DPU software monitors the Focal Plane Unit’s (FPU) latch-up indicator.  If latch-up is detected, the DPU suspends FPU operations.  The length of the suspension is set by an uploadable parameter.

3.3 Filter Wheel


The filter wheel is controlled by a stepping motor.  The motor phases are controlled directly by the DPU software to move the filter wheel.  The phase pattern can be adjusted by software to move the filter wheel forwards or backwards.  A resolver provides an absolute position reading of the wheel.


The filter move command (CRS_FLT_MOVE) uses the commanded filter number to look up an absolute goal position from a table, reads the current position from the resolver, and computes the number of steps and travel direction needed to arrive at the goal in the least amount of time.  The motor is then stepped to the desired goal.  The power to the resolver can be commanded on or off (CRS_FLT_PWR).  Alternatively, the filter step command (CRS_FLT_STEP) will move the filter wheel the commanded number of resolver counts forward or backward.  If the power to the resolver is turned off, further move commands will be dead-reckoned from the last resolver reading.  The filter wheel is characterized by several uploadable parameters including the motor power level, the scale factor between resolver counts and motor steps, the filter wheel positions, etc.  The filters are listed in the following table.

Table 4.  Filters

Filter Number
Spectral Band (nm)

1
“clear”

2
450

3
490

4
530

5
570

6
610

7
650

8
690

9
730

10
770

3.4 Tracking Processor Unit (TPU)


The Tracking Processor Unit (TPU) is a computer attached to the DPU as a peripheral.  The TPU controls a mirror.  Four independent modes determine how the mirror is controlled.  Configurations range from completely manual control via ground command to fully automatic modes that keep the comet in the center of the field of view during an encounter.  The different modes are discussed below.

3.4.1 Tracking


The TPU can track either fixed or moving targets.  An alpha-beta tracker is used for fixed targets such as stars used as calibration sources.  A Kalman filter is used to track moving targets such as a comet.  Which tracking algorithm to use is selected by command (CRS_TPU_TRK_ALG).  Each tracking algorithm can be run open-loop or closed-loop.  Images are selectively forwarded to the TPU at a commandable rate (CRS_IMG_TRACK); if closed-loop tracking is enabled, TPU software finds the comet in the image and incorporates this information into the tracking calculation.  If closed-loop tracking is disabled or there is no image to process, the last solution is propagated.  Closed-loop tracking can be enabled or disabled by command (CRS_TPU_TRK_LOOP).


The raw 1024x1024 image is reduced to a 128x128 format for image processing.  The origin or a window in the raw image and the number of pixels to rebin can be commanded (CRS_TPU_IMG_REGION and CRS_TPU_IMG_ZOOM).  The image processing algorithm used to find the comet is also selected by command (CRS_TPU_AIM_ALG).


The tracker tries to place the target at a commandable location on the CCD (CRS_TPU_TRK_GOAL).  The tracker also produces a target angle, angular rate, and a roll; the roll is sent to the G&C system and the angle and rate can be used to compute a mirror scan profile to follow the comet.  The tracker also produces an estimate of the time to closest approach (CA) and the miss distance between the spacecraft and the comet.


The TPU computes an estimate of the spacecraft attitude; the attitude when the image was taken is used by the Kalman filter.  The G&C system sends the current MIMU gyroscope angles to the TPU 100 times per second.  The TPU integrates the angles into its current attitude estimate.  At the start of every second, the TPU sends its idea of the current attitude along with the roll correction and the time to closest approach back to the G&C system.  At the end of the second, the G&C sends a correction to CRISP’s attitude estimate and the spacecraft’s commanded attitude.  All of these exchanges go through the DPU and over the 1553 bus.

3.4.2 Mirror Control


The mirror controller can be commanded (CRS_TPU_MIR_MODE) into several modes.  Every second, the TPU computes a table of 100 mirror positions and rates.  The table will be used over the following second to update the mirror motor every 10 ms.  When the mirror mode is off, the mirror motor is not driven.  In hold mode, the mirror is held at the current position.  In slew mode, the mirror is held at a commanded angle (CRS_TPU_MIR_ANGLE).  In scan mode, the mirror follows the angle and angular rate computed by the tracker; the table is computed such that the mirror follows the comet motion, but uses a constant rate during image exposure.  There is also a command to control which side of the mirror to use (CRS_TPU_MIR_SIDE).  The selected side is incorporated into the table computed for slew or scan modes.  Finally, there is a command to initialize the mirror (CRS_TPU_MIR_HOME).


There is an additional mode that allows the mirror to be offset by a commanded angle (CRS_TPU_OFF_ANGLE).  This angle is added to any angle computed by the tracker or commanded to the slew mode mirror (CRS_TPU_MIR_ANGLE).  The offset angle can also be automatically adjusted (CRS_TPU_OFF_MODE) at a commandable rate (CRS_TPU_OFF_RATE).  If automatic adjustment is enabled, the offset angle is modified every second.  The adjustment proceeds continuously until it is disabled; re-enabling adjustment causes the offset to pick up where it left off.  Alternatively, the adjustment can be stopped by setting a zero rate.  Or, setting a negative rate will send the offset moving in the opposite direction.


The commands that set mirror angles, e.g. CRS_TPU_MIR_ANGLE, identify the angle from the S/C +Z axis (and usually the velocity vector) to the target (see following figure).  An angle of 0º indicates a target dead ahead, an angle of 90º indicates a target perpendicularly to the right of the spacecraft, etc.  Valid line-of-sight target angles range from –180º to 180º; the mirror will be positioned appropriately even if the spacecraft blocks the view.  The actual mirror shaft angle will be computed from the target angle and the currently commanded mirror side.  In the figure the shaft angle shown at 135º uses mirror side A to direct a target at 0º into the telescope.  Mirror shaft angles are constrained to keep side A of the mirror out of the dust as the spacecraft flies by the comet.  The extent of the dust keep-out zone is defined by uploadable parameters.

Figure 6. Mirror Angles

[image: image6.wmf]
3.5 Spectrometer


The imaging spectrometer subsystem operates at a commandable rate.  The rate can be commanded (CRS_SPC_RATE) to be 1, 2, 3, 4, or 5 Hz.  The exposure time is dictated by the rate; see the following table.  Unlike the imager CCD, the spectrometer detector is not a frame-transfer device.  The detector is exposed continuously and readouts must be done while exposing.  The software implication of this is that changing the spectrometer rate will cause the exposure time of one image to vary through the image; in other words, some pixels of the image will be exposed for the old exposure time and some will be exposed for the new exposure time.  The spectrometer is read at the commanded rate, even if no spectra are being collected, thus continually scrubbing the detector.  Spectra can be read for a commanded number of seconds (CRS_SPC_SPECTRA).

Table 5.  Spectrometer Exposure Times

Rate
Exposure Time

1 Hz
999.1 ms

2 Hz
499.1 ms

3 Hz
332.4 ms

4 Hz
249.1 ms

5 Hz
199.1 ms


A simplified timing diagram of the last two frames at the highest spectrometer rate (i.e. 5 Hz) is shown below.  The spectrometer rate clock is synchronized to a 1 Hz system clock.  The internal CRISP 1 Hz clock lags the system-wide clock by ~7 ms.  The DPU generates frames pulses at the commanded rate.  A frame pulse triggers image readout.  The DPU adds an image header provided by the DPU software.  The read out of the entire image, including the header, must be complete before the next frame pulse.  The time between the end of the read out and the next frame pulse is used by the software to configure the next image read out (e.g., load the header data).

Figure 7. Spectrometer Timing

[image: image7.wmf]

Two infra-red (IR) lamps are available for testing the spectrometer.  Each lamp can be commanded off or on independently (CRS_SPC_CAL_PWR) and commanded to 256 brightness levels (CRS_SPC_CAL_LEVEL).  The lamps are only partially redundant in that a single lamp does not illuminate the entire detector.  Due to self-heating, there are some constraints in how the lamps can be used.  The software implements the following safety rules:

· Only one lamp may be on at a time.

· A lamp may be on for no more than 1 minute.

· After a lamp is turned off, the lamp must be off for for at least 1 minute before the other lamp is turned on.

· After a lamp is turned off, both lamps must be off for at least 10 minutes before the same lamp is turned back on.

(Note: the times are all uploadable parameters.)


To operate properly, the IR detector must be cooled.  There is a Stirling cooler that can be commanded (CRS_SPC_COOL) off or to two different low temperature setpoints.  The IR detector does not operate until it is powered (CRS_SPC_PWR).  The software will not apply the power until the cooler has been on for a time set by an uploadable parameter.


There are several temperature sensors in the spectrometer’s FPU.  Reading these temperatures can be enabled or disabled by command (CRS_SPC_TMP).  It my be necessary to disable them in the event that reading these temperatures introduces noise into the spectra.


The IR detector is divided into four quadrants.  The four quadrants are read out concurrently and merged.  Consequently, the image is not downlinked in a typical rasterized pattern.  Instead pixels from each quadrant are interspersed as shown in the following figure.  The numbers on the pixels in the figure indicate the order in which they are downlinked.  Note that the spectral dimension is read first.  Each raw pixel is 14 bits; a command (CRS_SPC_RANGE) selects a range of bits within the pixel to telemeter; the resulting pixel is 12 bits.  The DPU adds an offset of 64 to each 14-bit pixel; this will have to be removed in ground processing.  The value to subtract will be 64, 32, or 16 depending on the commanded range.

Figure 8. Spectrometer Image Readout

[image: image8.wmf]

CRISP spectra come in four possible formats shown in the table below.  The format is selected by command (CRS_SPC_FORMAT).  The formats range from the full size of the detector (256x256) down to smaller and smaller windows into the full image.  Only the spatial dimension is reduced; the full spectral dimension is always sent.  A command (CRS_SPC_REGION) selects the origin of the window.

Table 6.  Spectrometer Image Formats

Mode
Pixels/line
Lines

256 x 256
256 pixels
256

128 x 256
256 pixels
128

64 x 256
256 pixels
64

32 x 256
256 pixels
32


Spectrometer images are downlinked with a header describing the state of the instrument at the time the image was taken.  The header starts with a subheader that includes the time at which the image was collected.  The header also includes a snapshot of the current DPU status.  The header format is shown below:

Table 7.  Spectrometer Image Header

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET of exposure

Analog
42 * 16
See Table 13
Analog status

Digital
16 * 16
See Table 14
Digital status

Software
88 * 8
See Table 15
Software status

Spare
48 * 8



3.6 Heaters


The CRISP DPU controls the temperature of five zones of the instrument.  The heater in each zone may be commanded off, on, or controlled by software (CRS_HTR_MODE).  If a heater is being controlled by software, it uses the setpoint and hysteresis commanded for that zone (CRS_HTR_TMP).  Every second the zone’s temperature is compared against its limits.  If the temperature is too low, the heater will be turned on.  If the temperature is too high, the heater will be turned off.  The five zones and the temperature sensors used to control them are listed in the table below.

Table 8.  Heaters

Zone Number
Zone
Sensor

0
Star camera 1
Star camera 1 temperature

1
Star camera 2
Star camera 2 temperature

2
Diaphragm
Diaphragm temperature

3
Mirror motor
Mirror motor temperature

4
Bulk (upper housing)
Radiator temperature

4. Telemetry Interface


The spacecraft Command & Data Handling (C&DH) system collects telemetry from CRISP over the 1553 bus as non-packetized housekeeping and as CCSDS packets.

4.1 Non-packetized Housekeeping


The C&DH system picks up a 16-byte non-packetized housekeeping record every second.  The contents can be incorporated into C&DH autonomy processing.  The C&DH system also assembles the data into a housekeeping packet.  The format of the non-packetized housekeeping record is shown below.

Table 9.  Non-Packetized Housekeeping Format

Name
Length

(bits)
Value
Description

Version
8
0 = Boot

>0 = Application
Software version

Alarm
8
See Table 37
Latest alarm id

Alarm Type
1
0 = Persistent

1 = Transient
Latest alarm type

Alarms
7
Unsigned integer
Count of alarms

Executed
8
Unsigned integer
Commands executed

Rejected
8
Unsigned integer
Commands rejected

Mac Exec
8
Unsigned integer
Macro commands executed

Mac Rej
8
Unsigned integer
Macro commands rejected

Spare
8



CA Mode
1
0 = Good targeting

1 = Bad targeting
Closest approach mode

CA State
3
0 = Idle

1 = Search

2 = Inbound imaging

3 = Closest approach
Closest approach processing state

CA Valid
1
0 = Invalid

1 = Valid
Validity of CA time, miss distance, miss distance summary, and target angle

CA Distance Summary
3
0 = Very near

1 = Near

2 = Nominal

3 = Far

4 = Very far

5 = Too far #1

6 = Too far #2

7 = Too far #3
Miss distance summary for closest approach processing

CA Target Angle
3
0 = Inbound

1 = Inbound imaging

2 = Closest approach

3 = Outbound imaging
Target angle for closest approach processing

Spare
5



CA Distance
16
Unsigned integer
Miss distance (km)

CA Time
32
Signed integer
Time to closest approach (seconds)

4.2 Packets


The C&DH system collects up to one packet from CRISP every second.  These packets are memory dump and subpacket packets as described in Reference 3.  In addition, CRISP can generate memory dump and subpacket packets from the TPU.  CRISP images and spectra are sent directly to the C&DH system for packetization.

Table 10.  Packet Types

Product
Data Id (binary)
When Sent

Memory Dump
000 0000
On demand

Subpacket
000 0001
As needed

Images
000 0010
Commandable interval

Spectra
000 0011
Commandable interval

TPU Memory Dump
000 0100
On demand

TPU Subpacket
000 0101
As needed

4.2.1 TPU Memory Dump


TPU memory dump packets consist of CONTOUR CCSDS headers, a dump start address, dump length, and dump data.  The TPU memory dump has an identical format to DPU memory dumps except that the data ids in the packet header differ.

4.2.2 Subpackets


Instead of coercing imager data to fit into the fixed size CONTOUR packets, the imagers use variable-sized subpackets that “float” through fixed-size packets (see Reference 3).

The subpacket types produced by CRISP are listed in the table below.  Subpackets can be produced by the DPU or the TPU.  DPU subpackets are always placed in DPU subpacket packets and TPU subpackets are always placed in TPU subpacket packets.  Some of the subpackets are described in Reference 3.  The subpackets unique to CRISP are described below.

Table 11.  Subpacket Types

Product
Subpacket Id (hex)
When Generated

Boot Status
0x0000
Commandable interval

Status
0x0001
Commandable interval

Command Echo
0x0002
As needed

Alarm
0x0003
As needed

Memory Checksum
0x0004
On demand

Monitor Limits
0x0005
On demand

DPU Parameters
0x0006
On demand

TPU Alarm
0x0010
As needed

TPU Memory Checksum
0x0011
On demand

TPU Mirror Parameters
0x0012
On demand

TPU Aim Parameters
0x0013
On demand

TPU CA Parameters
0x0014
On demand

TPU Tracker Offset
0x0015
On demand

TPU Tracker Control
0x0016
On demand

TPU Tracker Target
0x0017
On demand

TPU Tracker EKF
0x0018
On demand

TPU Tracker Cheby #1
0x0019
On demand

TPU Tracker Cheby #2
0x001a
On demand

TPU Tracker Cheby #3
0x001b
On demand

TPU Tracker Mirror
0x001c
On demand

TPU Tracker Gate
0x001d
On demand

TPU Tracker Align
0x001e
On demand

TPU Tracking Results
0x001f
Every second, if enabled

Flush
0x3fff
As needed

4.2.2.1 Status


The DPU generates a status subpacket periodically.  The rate is controlled by a command (see CRS_STAT_INT).  The subpacket consists of a subpacket header and status data; the status includes analog, digital, DPU software, and TPU software data.  The overall subpacket format is shown in the following table; the formats of the individual components are shown in the subsequent tables.

Table 12.  DPU Status Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0001
Identifies subpacket type

Length
16
204
Number of data bytes in subpacket

Analog
42 * 16
See Table 13
Analog readings

Digital
16 * 16
See Table 14
Digital configuration and feedback

Software
88 * 8
See Table 15
Software configuration and status

Table 13.  Analog Status

Name
Length

(bits)
Value
Description

Ana DPU/0
16
-8192 – 8191
Mirror motor current

Ana DPU/1
16
-8192 – 8191
Star camera #1 heater current

Ana DPU/2
16
-8192 – 8191
Star camera #2 heater current

Ana DPU/3
16
-8192 – 8191
Diaphragm heater current

Ana DPU/4
16
-8192 – 8191
Mirror motor heater current

Ana DPU/5
16
-8192 – 8191
Bulk heater current

Ana DPU/6
16
-8192 – 8191
DPU current

Ana DPU/7
16
-8192 – 8191
DPU voltage

Ana IM/0
16
-8192 – 8191
Imager converter current

Ana IM/1
16
-8192 – 8191
HOP actuator #1 heater #1 current

Ana IM/2
16
-8192 – 8191
HOP actuator #1 heater #2 current

Ana IM/3
16
-8192 – 8191
Imager current

Ana IM/4
16
-8192 – 8191
HOP actuator #2 heater #1 current

Ana IM/5
16
-8192 – 8191
Imager voltage

Ana IM/6
16
-8192 – 8191
HOP actuator #2 heater #2 current

Ana SP/0
16
-8192 – 8191
Spectrometer primary current

Ana SP/1
16
-8192 – 8191
Spectrometer converter current

Ana SP/2
16
-8192 – 8191
Cooler converter current

Ana SP/3
16
-8192 – 8191
Cooler current

Ana SP/4
16
-8192 – 8191
Spectrometer current

Ana SP/5
16
-8192 – 8191
Cooler voltage

Ana SP/6
16
-8192 – 8191
Spectrometer voltage

Ana FW/0
16
-8192 – 8191
FW motor primary current

Ana FW/1
16
-8192 – 8191
FW motor current

Ana FW/2
16
-8192 – 8191
FW motor converter current

Ana FW/3
16
-8192 – 8191
FW 15V current

Ana FW/4
16
-8192 – 8191
FW 15V voltage

Temp 0
16
0 – 1023
Spectrometer housing temperature

Temp 1
16
0 – 1023
Mirror motor elec. temperature

Temp 2
16
0 – 1023
Cryo cooler temperature

Temp 3
16
0 – 1023
Fold mirror temperature

Temp 4
16
0 – 1023
Housing rear temperature

Temp 5
16
0 – 1023
M2 temperature

Temp 6
16
0 – 1023
M1 temperature

Temp 7
16
0 – 1023
Diaphragm temperature

Temp 8
16
0 – 1023
Mirror motor temperature

Temp 9
16
0 – 1023
Star camera #2 temperature

Temp 10
16
0 – 1023
Star camera #1 temperature

Temp 11
16
0 – 1023
HOPS actuator #1 temperature

Temp 12
16
0 – 1023
Housing top temperature

Temp 13
16
0 – 1023
Radiator temperature

Temp 14
16
0 – 1023
Deck temperature

Table 14.  Digital Status

Name
Length

(bits)
Value
Description

Spare
14



Telltale 2
1
0 = Extended (deployed)

1 = Not extended
HOP #2 telltale

Telltale 1
1
0 = Extended (deployed)

1 = Not extended
HOP #1 telltale

FW Position
16
Unsigned integer
Filter wheel position

Mirror Power
1
0 = Off

1 = On
Tracking mirror power

Star Camera 1 Heater
1
0 = Off

1 = On
Star camera #1 heater power

Star Camera 2 Heater
1
0 = Off

1 = On
Star camera #2 heater power

Diaphragm Heater
1
0 = Off

1 = On
Diaphragm heater power

Mirror Heater
1
0 = Off

1 = On
Mirror motor heater power

Bulk Heater
1
0 = Off

1 = On
Bulk (upper housing) heater power

Spare
2



IM Primary
1
0 = Off

1 = On
Imager board primary power

HOP #2/2
1
0 = Off

1 = On
HOP actuator #2 heater #2 power

HOP #2/1
1
0 = Off

1 = On
HOP actuator #2 heater #1 power

HOP #1/2
1
0 = Off

1 = On
HOP actuator #1 heater #2 power

HOP #1/1
1
0 = Off

1 = On
HOP actuator #1 heater #1 power

Spare
2



IM Power
1
0 = Off

1 = On
Imager focal plane power

Spare
6



IM LED 2
1
0 = Off

1 = On
Imager cover LED #2

IM LED 1
1
0 = Off

1 = On
Imager cover LED #1

SP Primary
1
0 = Off

1 = On
Spectrometer board primary power

Spare
4



Cooler Hi/Lo
1
0 = Low

1 = High
Spectrometer cooler temperature

Cooler Power
1
0 = Off

1 = On
Spectrometer cooler power

SP Power
1
0 = Off

1 = On
Spectrometer focal plane power

FW Primary
1
0 = Off

1 = On
FW motor board primary power

FW Resolver
1
0 = Off

1 = On
FW resolver power

Spare
6



Spare
1



FW Level
3
Unsigned integer
FW motor power level

Spare
1



FW Motor
1
0 = Off

1 = On
FW motor current enable

FW Phase
2
Unsigned integer
FW motor phase drive

Spare
2



Compress
1
0 = No compression

1 = Compress
Image compression enable

Comp. Type
3
0 = High-range identity

1 = Low-end identity

2 = Mid-range identity

3 = DN-weighted SNR

4 = Inverse root 2 power

5 = Linear

6 = SNR proportional

7 = Root 2 power
Image compression type

Image X
10
Unsigned integer
Image X origin

Spare
3



Image Downlink
1
0 = No downlink

1 = Downlink
Image downlink enable

Image Format
2
0 = 1024 x 1024

1 = 512 x 512

2 = 256 x 256

3 = 128 x 128
Image format

Image Y
10
Unsigned integer
Image Y origin

Spare
3



Image Start
13
Unsigned integer
Image exposure start time

Imager Status
16

Imager FPU status word

Spare
5



Cal Lamp #2
1
0 = Off

1 = On
IR calibration lamp #2

Cal Lamp #1
1
0 = Off

1 = On
IR calibration lamp #1

IR Temp. Monitor
1
0 = Off

1 = On
Temperature monitor enable/disable

Cal Level
8
Unsigned integer
IR calibration level for both lamps

Spect. Range
2
0 = Bits 12..1

1 = Bits 13..2

2 = Bits 11..0
Spectrometer pixels bits telemetered

Spare
1



Spect. Downlink
1
0 = No downlink

1 = Downlink
Spectrometer downlink enable

Spect. Format
2
0 = 256 x 256

1 = 128 x 256

2 = 64 x 256

3 = 32 x 256
Spectrometer format

Spare
2



Spect. Origin
8
Unsigned integer
Spectrometer origin in spatial dimension

Spect. Status
16

Spectrometer FPU status word

Spect. FPU Temp. #1
16
Unsigned integer
Spectrometer FPU temperature #1

Spect. FPU Temp. #2
16
Unsigned integer
Spectrometer FPU temperature #2

Spect. FPU Board Temp.
16
Unsigned integer
Spectrometer FPU board temperature

Spare
16



Table 15. Software Status

Name
Length

(bits)
Value
Description

Image Time
16
0 – 65534: Remaining

65535: Forever
Image downlink time remaining (seconds)

Image Interval
16
Unsigned integer
Interval between downlink images (seconds)

Track Time
16
0 – 65534: Remaining

65535: Forever
Tracking image collection time remaining (seconds)

Track Interval
16
Unsigned integer
Interval between tracking images (seconds)

Spect. Time
16
0 – 65534: Remaining

65535: Forever
Spectra collection time remaining (seconds)

Heater #0 Setpoint
16
Unsigned integer
Heater #0 setpoint

Heater #1 Setpoint
16
Unsigned integer
Heater #1 setpoint

Heater #2 Setpoint
16
Unsigned integer
Heater #2 setpoint

Heater #3 Setpoint
16
Unsigned integer
Heater #3 setpoint

Heater #4 Setpoint
16
Unsigned integer
Heater #4 setpoint

Heater #0 Hysteresis
8
Unsigned integer
Heater #0 hysteresis

Heater #1 Hysteresis
8
Unsigned integer
Heater #1 hysteresis

Heater #2 Hysteresis
8
Unsigned integer
Heater #2 hysteresis

Heater #3 Hysteresis
8
Unsigned integer
Heater #3 hysteresis

Heater #4 Hysteresis
8
Unsigned integer
Heater #4 hysteresis

Heater #0 Mode
2
0 = Off

1 = On

2 = Software control
Heater #0 control mode

Heater #1 Mode
2
0 = Off

1 = On

2 = Software control
Heater #1 control mode

Heater #2 Mode
2
0 = Off

1 = On

2 = Software control
Heater #2 control mode

Heater #3 Mode
2
0 = Off

1 = On

2 = Software control
Heater #3 control mode

Heater #4 Mode
2
0 = Off

1 = On

2 = Software control
Heater #4 control mode

Spect. Rate
3
1 – 5
Spectrometer rate (Hz)

Cover Mode
1
0 = Disable deployment

1 = Enable deployment
Cover deployment mode

Spare
2



CA Mode
1
0 = Good targeting

1 = Bad targeting
Closest approach mode

CA State
3
0 = Idle

1 = Search

2 = Inbound imaging

3 = Closest approach
Closest approach processing state

Filter
4
1 – 10
Commanded filter number

Macro Blocks
16
Unsigned integer
Number of macro blocks free

DPU Version
8
Unsigned integer
DPU software version number

Alarm Id
8
See Table 37
Latest alarm Id

Alarm Type
1
0 = Persistent

1 = Transient
Latest alarm type

Alarm Count
7
Unsigned integer
Count of alarms

Cmd Exec
8
Unsigned integer
Commands executed

Cmd Reject
8
Unsigned integer
Commands rejected

Mac Exec
8
Unsigned integer
Macro commands executed

Mac Reject
8
Unsigned integer
Macro commands rejected

Status Int.
8
1 – 255 (0 = Off)
Status interval (seconds)

Macro Id
8
Unsigned integer
Id of most recent macro executed

Auto Flush
1
0 = Disable

1 = Enable
Automatic telemetry flush

Macro Learn
1
0 = Not learning

1 = Learning
Macro learn mode

Monitor Response
1
0 = Disable

1 = Enable
Monitor response

Spare
5



Mirror Pos.
32

Mirror motor position

Spare
32



Tracker X
32
IEEE-754 single
X goal position (pixels)

Tracker Y
32
IEEE-754 single
Y goal position (pixels)

Slew Angle
32
IEEE-754 single
Slew target angle (degrees)

Offset Angle
32
IEEE-754 single
Target offset angle (degrees)

Offset Rate
32
IEEE-754 single
Target offset rate (degrees/s)

CA Time
32
Signed integer
Time to closest approach (seconds)

CA Distance
16
Unsigned integer
Miss distance (km) of closest approach

CA Valid
1
0 = Invalid

1 = Valid
Validity of CA time, miss distance, miss distance summary, and target angle

CA Distance Summary
3
0 = Very near

1 = Near

2 = Nominal

3 = Far

4 = Very far

5 = Too far #1

6 = Too far #2

7 = Too far #3
Miss distance summary for closest approach processing

CA Target Angle
3
0 = Inbound

1 = Inbound imaging

2 = Closest approach

3 = Outbound imaging
Target angle for closest approach processing

Spare
9



Tracking Algorithm
2
0 = Off

1 = Fixed target

2 = Moving target
Tracking algorithm

Tracking

Loop
1
0 = Disable

1 = Enable
Closed-loop Tracking

Aim Algorithm
1
0 = Comet

1 = Brightest object
Aim algorithm

Offset Adjustment
1
0 = Disable

1 = Enable
Mirror offset adjustment

Mirror Mode
3
0 = Off

1 = Hold

2 = Slew

3 = Scan

4 = Home
Mirror control mode (commanded)

Mirror Side
1
0 = A (science)

1 = B (tracking)
Mirror side

Spare
1



Auto Flush TPU
1
0 = Disable

1 = Enable
Automatic telemetry flush in TPU

TPU Test Mode
1
0 = Disable

1 = Enable
TPU test mode

TPU Tracking Tlm
1
0 = Disable

1 = Enable
TPU tracking telemetry production

Spare
3



TPU Version
8
Unsigned integer
TPU software version number

Spare
8



Actual Mirror Mode
8
0 = Off

1 = Hold

2 = Slew

3 = Scan

4 = Home

5 = Search

6 = Found

7 = Verify
Mirror control mode (actual)

Spare
24



Spare
10



Track Image Zoom
2
0 = 8x8 rebin

1 = 4x4 rebin

2 = 2x2 rebin

3 = 1x1 rebin
Tracking image zoom

Track Img X
10
0 – 1023
Tracking image X region (pixels)

Track Img Y
10
0 – 1023
Tracking image Y region (pixels)

4.2.2.2 TPU Memory Checksum


TPU memory checksum subpackets consist of a subpacket header and checksum data.  The checksum is the 32-bit two’s complement sum of the indicated memory region.

Table 16.  TPU Memory Checksum Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0011
Identifies subpacket type

Length
16
12
Number of data bytes in subpacket

Address
32
Unsigned integer
Address of region checked

Length
32
Unsigned integer
Length of region checked in bytes

Checksum
32
Unsigned integer
Computed checksum

4.2.2.3 TPU Tracking Results


The results of the TPU’s tracking algorithm can be telemetered in a subpacket.  TPU tracking results subpackets consist of a subpacket header and tracking data.  If enabled by command (CRS_TPU_TRK_TLM) the subpacket will be sent every second.

Table 17.  TPU Tracking Results Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x001f
Identifies subpacket type

Length
16
112
Number of data bytes in subpacket

Time
64
IEEE-754 double
Time tracking done (TDT)

Attitude
4 * 32
IEEE-754 single
Estimated CRISP attitude

Correction
4 * 32
IEEE-754 single
Attitude correction from G&C

Centroid
2 * 32
IEEE-754 single
Centroid (pixels)

Mirror Pos
32
IEEE-754 single
Mirror position (degrees)

Mirror Cmd
2 * 32
IEEE-754 single
Mirror command (degrees, d/s)

CA
32
IEEE-754 single
Time to closest approach (seconds)

Miss
32
IEEE-754 single
Miss distance (km)

Roll Z
32
IEEE-754 single
Delta roll z component

Gate
2 * 32
IEEE-754 single
Gate location (pixels)

Trajectory
6 * 32
IEEE-754 single
Filter trajectory

Proc Time
16

Processing time (ms)

Filter Flag
1
0 = Invalid

1 = Valid
Filter valid

Used Flag
1
0 = Invalid

1 = Valid
Used

Gate Flag
1
0 = Invalid

1 = Valid
Gate initialized

Z Flag
1
0 = Invalid

1 = Valid
Z stable

Attitude Flag
1
0 = Invalid

1 = Valid
Attitude valid

Tracking Loop
1
0 = Disable

1 = Enable
Closed loop track enable

Centroid Flag
1
0 = Invalid

1 = Valid
Centroid valid

Correction Flag
1
0 = Invalid

1 = Valid
Attitude correction valid

Mirror Flag
1
0 = Invalid

1 = Valid
Mirror position valid

Spare
7



Spare
4 * 8



4.2.2.4 DPU Data Structures


The DPU makes several of its internal data structures available for modification or downlink.  The data structures can be modified by command (CRS_MEM_STR_LOAD).  The current data structures can also be downlinked by command (CRS_MEM_STR_READ).  The data structures are described in Appendix 1.

4.2.2.5 TPU Data Structures


The TPU makes several of its internal data structures available for modification or downlink.  The data structures can be modified by command (CRS_TPU_MEM_STR_LOAD).  The current data structures can also be downlinked by command (CRS_TPU_MEM_STR_READ).  The data structures are described in Appendix 2.

5. Command Interface


The DPU receives and processes CCSDS telecommand packets containing one or more commands.  The format of the telecommand packet and constituent commands is described in Reference 3.

5.1 Command and Macro Processing


Most commands are executed as soon as they are received; exceptions are noted in the individual command descriptions.  Each command is echoed after it is executed by the DPU.  A command echo subpacket containing the opcode and some arguments along with a code summarizing the command’s result is downlinked.  Most TPU commands are not executed by the DPU but are forwarded to the TPU.  The DPU echoes the command after it has been executed by the TPU.


Some default macros are available as soon as the DPU is started.  Most of these macros are one or two commands long and are used by the monitoring subsystem to respond to out of limit conditions.  A default macro can be replaced with a new macro via CRS_MAC_DEF and CRS_MAC_ENDEF.  The default macros are shown in the following table.

Table 18.  Default Macros

ID
Action
Commands

0
No action
CRS_CMD_NULL

1
Shutdown
CRS_SPC_PWR OFF

CRS_SPC_COOL OFF

CRS_IMG_PWR OFF

CRS_TPU_MIR_HOME

CRS_FLT_MOVE CLEAR

CRS_MAC_DELAY 10

CRS_FLT_PWR OFF

CRS_MAC_DELAY 10

CRS_TPU_MIR_PWR OFF

CRS_PWR_PRI OFF ALL

CRS_HTR_MODE OFF ALL

2
Imaging – Very Near
CRS_CMD_NULL

3
Imaging – Near
CRS_CMD_NULL

4
Imaging – Nominal
CRS_CMD_NULL

5
Imaging – Far
CRS_CMD_NULL

6
Imaging – Very Far
CRS_CMD_NULL

7
Imaging – “Bad” Targeting #1
CRS_CMD_NULL

8
Imaging – “Bad” Targeting #2
CRS_CMD_NULL

9
Imaging – “Bad” Targeting #3
CRS_CMD_NULL

10
Closest Approach
CRS_CMD_NULL

11
Post Encounter
CRS_CMD_NULL

12
Stop Macro Processing
CRS_MON_CNTRL DISABLE

CRS_CA_RESET

CRS_MEM_RUN kill all macros

13
Heaters Off
CRS_HTR_MODE OFF ALL

14
Cover HOPS Off
CRS_COV_DEPLOY OFF 1/1

CRS_COV_DEPLOY OFF 1/2

CRS_COV_DEPLOY OFF 2/1

CRS_COV_DEPLOY OFF 2/2

CRS_COV_MODE DISABLE

15
Filter Wheel Off
CRS_FLT_PWR OFF

CRS_PWR_PRI OFF FW

16
Imager Off
CRS_IMG_PWR OFF

CRS_PWR_PRI OFF IM

17
Spectrometer Off
CRS_SPC_PWR OFF

CRS_SPC_COOL OFF

CRS_PWR_PRI OFF SP

18
Tracking Mirror Off
CRS_TPU_MIR_PWR OFF

19 – 63
Reserved


64 – 255
Reserved for mission operations


5.2 Commands


The CRISP and CFI common commands are described in Reference 3.  CRISP-specific commands are defined below.

5.2.1 CRS_CA_RESET – Reset Closest Approach


Reset closest approach processing logic.

Name
Length

(bits)
Value
Description

Opcode
16
0x0174


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
2
Command length in 32-bit words

Checksum
32

32 bit XOR

5.2.2 CRS_CA_START – Start Closest Approach


Start closest approach processing logic.  Also, enable or disable selection of backup closest approach macro.

Name
Length

(bits)
Value
Description

Opcode
16
0x014e


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Good targeting

1 = Bad targeting
Closest approach mode

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.3 CRS_COV_DEPLOY – Deploy the Cover


Turn power to cover’s HOP actuators off or on.  Turning on the actuator deploys the cover.  With operation 2, the power is removed automatically from all of the actuators by the DPU software ten seconds after the cover is open; “open” is defined as either HOP telltale indicating “extended”.  With operation 3, the actuator power is removed after a timeout period; the timeout is a parameter.  With operation 4, the actuator power is removed once the cover is open or the timeout period elapses.  This command will be rejected unless specifically enabled with the CRS_COV_MODE command.  Note: the imager primary power must be turned on for the cover to deploy.

Name
Length

(bits)
Value
Description

Opcode
16
0x0100


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Operation
8
0 = Off

1 = On

2 = On until deployed

3 = On until timeout

4 = On until deployed or timeout
Operation for the given heater

Heater
8
0 = HOP 1, heater 1

1 = HOP 1, heater 2

2 = HOP 2, heater 1

3 = HOP 2, heater 2
Heater

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.4 CRS_COV_LED – Control Cover LED Power


Turn cover’s telltale LED power off or on.  Note: the imager primary power must be turned on for the LEDs to light.

Name
Length

(bits)
Value
Description

Opcode
16
0x0103


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On
LED off/on

LED
8
0 = LED 1

1 = LED 2

255 = both LEDs
LED

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.5 CRS_COV_MODE – Enable/Disable Cover Deployment


Enable or disable deployment of the cover.  This is a safety interlock; the actuators must be enabled before actually powering the actuator (with CRS_COV_DEPLOY).

Name
Length

(bits)
Value
Description

Opcode
16
0x0105


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Deployment enable/disable

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.6 CRS_FLT_MOVE – Move Filter Wheel


Move filter wheel to indicated position.  The filter movement begins at the end of the current exposure.  Note: the FW motor primary power must be turned on for the filter wheel to move.

Name
Length

(bits)
Value
Description

Opcode
16
0x0106


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Filter
8
1 – 10
Filter wheel position

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.7 CRS_FLT_PWR – Control Filter Wheel Power


Turn filter wheel resolver power off or on.  Note: the FW motor primary power must be turned on for the filter wheel resolver to operate.

Name
Length

(bits)
Value
Description

Opcode
16
0x0109


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On
Filter wheel resolver power off/on

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.8 CRS_FLT_STEP – Step Filter Wheel


Move filter wheel the indicated number of resolver counts.  Note: the FW motor primary power must be turned on for the filter wheel to move.

Name
Length

(bits)
Value
Description

Opcode
16
0x0169


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Counts
16
-32768 – 32767
Filter motion (resolver counts)

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.9 CRS_HTR_MODE – Set Heater Control Mode


Select heater off, on, or controlled by software.

Name
Length

(bits)
Value
Description

Opcode
16
0x010a


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On

2 = Software control
Control mode

Zone
8
0 = Star camera 1

1 = Star camera 2

2 = Diaphragm

3 = Mirror motor

4 = Bulk

255 = All
Heater control zone

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.10 CRS_HTR_TMP – Set Heater Temperature


Set temperature goal of the heater in the indicated zone.  The temperature will be held between the given setpoint and setpoint+hysteresis.

Name
Length

(bits)
Value
Description

Opcode
16
0x010c


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Setpoint
16
Unsigned integer
Temperature setpoint (A/D units)

Hysteresis
8
Unsigned integer
Hysteresis (A/D units)

Zone
8
0 = Star camera 1

1 = Star camera 2

2 = Diaphragm

3 = Mirror motor

4 = Bulk

255 = All
Heater control zone

Checksum
32

32 bit XOR

5.2.11 CRS_IMG_COMP_ALG – Select Image Compression Algorithm


Select image compression algorithm.  When executed at time t affects the exposure taken at time t+1.

Name
Length

(bits)
Value
Description

Opcode
16
0x0156


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = High-range identity

1 = Low-end identity

2 = Mid-range identity

3 = DN-weighted SNR

4 = Inverse root 2 power

5 = Linear

6 = SNR proportional

7 = Root 2 power
Compression algorithm

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.12 CRS_IMG_COMP_MODE – Enable/Disable Image Compression


Enable or disable image compression.  When executed at time t affects the exposure taken at time t+1.

Name
Length

(bits)
Value
Description

Opcode
16
0x010f


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Enable/disable image compression

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.13 CRS_IMG_EXP – Set Image Exposure Time


Set image exposure time.  An exposure time set at time t effects the exposure taken at t+1.  Exposure times can range from 128 µs to 979.968 ms.

Name
Length

(bits)
Value
Description

Opcode
16
0x0111


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Time
16
1 – 7656
Exposure time in 128 µs units

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.14 CRS_IMG_FORMAT – Select Image Format


Select the format of the images to be telemetered.  When executed at time t affects the exposure taken at time t+1.

Name
Length

(bits)
Value
Description

Opcode
16
0x0112


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Format
8
0 = 1024 x 1024

1 = 512 x 512

2 = 256 x 256

3 = 128 x 128
Image format

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.15 CRS_IMG_IMAGE – Collect Images for Downlink


Collect a series of images and downlink them.  An exposure requested at time t is taken at t+1.  If an image collection series is in progress and a new CRS_IMG_IMAGE is issued, the new command supersedes the old command.

Name
Length

(bits)
Value
Description

Opcode
16
0x0150


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Time
16
0 – 65534 = Duration

65535 = Forever
Time in which to collect images (seconds)

Interval
16
1 – 65535
Interval between images (seconds)

Checksum
32

32 bit XOR

5.2.16 CRS_IMG_PWR – Control Imager Power


Turn imager FPU power off or on.  Note: the imager primary power must be turned on for the imager FPU to activate.

Name
Length

(bits)
Value
Description

Opcode
16
0x0114


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On
Imager power off/on

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.17 CRS_IMG_REGION – Select Image Region of Interest


Set the origin of the image to be telemetered.  When executed at time t affects the exposure taken at time t+1.

Name
Length

(bits)
Value
Description

Opcode
16
0x0117


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

X
16
0 – 1023
X origin

Y
16
0 – 1023
Y origin

Checksum
32

32 bit XOR

5.2.18 CRS_IMG_TRACK – Collect Tracking Images


Collect a series of images for the TPU.  An exposure requested at time t is taken at t+1.  If an image collection series is in progress and a new CRS_IMG_TRACK is issued, the new command supersedes the old command.

Name
Length

(bits)
Value
Description

Opcode
16
0x0118


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Time
16
0 – 65534 = Duration

65535 = Forever
Time in which to collect images (seconds)

Interval
16
1 – 65535
Interval between images (seconds)

Checksum
32

32 bit XOR

5.2.19 CRS_MEM_STR_LOAD – Load Values into a Data Structure


Load the data values into the identified data structure at the location denoted by the offset.  The byte count determines how many load bytes follow and may be up to 128 bytes.  The padding after the data forces the size of the load to be a multiple of 4 bytes; M+N is always a multiple of 4.

Name
Length

(bits)
Value
Description

Opcode
16
0x0023


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
4 – 35
Command length in 32-bit words

Id
8
0 = Monitor limits

1 = DPU parameters
Id of data structure

Byte Count
8
0 – 128 (M)
Number of bytes in data field

Offset
16
Unsigned integer
Byte offset into data structure

Data
M * 8

Load data

Pad
N * 8
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.20 CRS_MEM_STR_READ – Read a Data Structure


Dump the identified data structure.

Name
Length

(bits)
Value
Description

Opcode
16
0x0025


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Id
8
0 = Monitor limits

1 = DPU parameters
Id of data structure

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.21 CRS_PWR_PRI – Control Primary Power


Turn primary power off or on to a selected subsystem.

Name
Length

(bits)
Value
Description

Opcode
16
0x0165


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On
Primary power off/on

Board
8
0 = Imager

1 = Spectrometer

2 = FW Motor

255 = All
Power board

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.22 CRS_SPC_CAL_LEVEL – Set Spectrometer Calibrator Level


Set the level, and consequently the brightness, of the spectrometer’s IR calibration lamps.

Name
Length

(bits)
Value
Description

Opcode
16
0x0155


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Level
8
0 = Dimmest

…

255 = Brightest
Lamp brightness level

Lamp
8
0 = Lamp 1

1 = Lamp 2

255 = Both lamps
Lamp

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.23 CRS_SPC_CAL_PWR – Control Spectrometer Calibrator Power


Calibrate spectrometer by turning two IR calibration lamps off or on.

Name
Length

(bits)
Value
Description

Opcode
16
0x011b


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On for 1 minute
Lamp power off/on

Lamp
8
0 = Lamp 1

1 = Lamp 2

255 = Both lamps
Lamp

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.24 CRS_SPC_COOL – Control Spectrometer Cooler Power


Turn spectrometer cooler power off or on.  There are two possible temperatures to select when the cooler is on.  Note: the spectrometer primary power must be turned on for the cooler to operate.

Name
Length

(bits)
Value
Description

Opcode
16
0x011d


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = Low (90 K)

2 = High (103 K)
Cooler power off/on and goal

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.25 CRS_SPC_FORMAT – Select Spectrometer Image Format


Select the format of the spectrometer images to be telemetered.

Name
Length

(bits)
Value
Description

Opcode
16
0x011e


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Format
8
0 = 256 x 256

1 = 128 x 256

2 = 64 x 256

3 = 32 x 256
Image format

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.26 CRS_SPC_PWR – Control Spectrometer Power


Turn spectrometer FPU power off or on.  Note: the spectrometer primary power must be turned on for the spectrometer FPU to operate.

Name
Length

(bits)
Value
Description

Opcode
16
0x0121


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On
Spectrometer power off/on

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.27 CRS_SPC_RANGE – Select Spectrometer Image Range


Select a range of bits within each spectrometer pixel; these are the bits that will be telemetered.

Name
Length

(bits)
Value
Description

Opcode
16
0x016a


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Range
8
0 = Bits 12..1

1 = Bits 13..2

2 = Bits 11..0
Image range

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.28 CRS_SPC_RATE – Control Spectrometer Collection Rate


Control the spectrometer collection rate.  Note: even if no spectra are being telemetered, the spectrometer will be cycled at this rate.

Name
Length

(bits)
Value
Description

Opcode
16
0x0122


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
1 – 5
Collection rate (Hz)

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.29 CRS_SPC_REGION – Select Spectrometer Image Region of Interest


Set the origin of the spectrometer image to be telemetered.

Name
Length

(bits)
Value
Description

Opcode
16
0x0124


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Origin
8
0 – 255
Origin in spatial dimension

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.30 CRS_SPC_SPECTRA – Collect Spectra


Collect spectra.  The collection will occur for the indicated time; a special value will produce continuous collection.  A request for spectra made at time t starts at t+1.  The number of spectra actually taken depends on the commanded spectrometer rate (CRS_SPC_RATE).

Name
Length

(bits)
Value
Description

Opcode
16
0x0127


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Time
16
0 – 65534 = Duration

65535  = Forever
Time in which to collect spectra (seconds)

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.31 CRS_SPC_TMP – Enable/Disable Spectrometer Temperature Monitoring


Enable or disable temperature monitoring in the spectrometer front end.

Name
Length

(bits)
Value
Description

Opcode
16
0x0163


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Enable/disable spectrometer temperature monitoring

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.32 CRS_TPU_AIM_ALG – Select Aim Algorithm


Select the aim algorithm used by TPU image processing to find the comet.

Name
Length

(bits)
Value
Description

Opcode
16
0x014d


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Comet

1 = Brightest object
Aim algorithm

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.33 CRS_TPU_ATT_RESET – Reset Attitude Algorithm


Reset the TPU’s attitude estimation algorithm.

Name
Length

(bits)
Value
Description

Opcode
16
0x016c


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
2
Command length in 32-bit words

Checksum
32

32 bit XOR

5.2.34 CRS_TPU_IMG_REGION – Select Tracking Image Region of Interest


Set the origin of the region interest in the tracking image.

Name
Length

(bits)
Value
Description

Opcode
16
0x0171


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

X
16
0 – 1023
X origin

Y
16
0 – 1023
Y origin

Checksum
32

32 bit XOR

5.2.35 CRS_TPU_IMG_ZOOM – Select Tracking Image Zoom


Set the zoom mode of the tracking image.

Name
Length

(bits)
Value
Description

Opcode
16
0x0172


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Zoom
8
0 = 8x8 rebin

1 = 4x4 rebin

2 = 2x2 rebin

3 = 1x1 rebin
Zoom mode

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.36 CRS_TPU_MEM_CHECK – Check TPU Memory


Calculate the checksum of TPU memory at given address.  The checksum is the 32-bit two’s complement sum of the memory indicated.  The results are downlinked in a subpacket.

Name
Length

(bits)
Value
Description

Opcode
16
0x0128


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
4
Command length in 32-bit words

Source
32
Unsigned integer
Source address

Byte Count
32
Unsigned integer
Number of bytes to check

Checksum
32

32 bit XOR

5.2.37 CRS_TPU_MEM_COPY – Copy TPU Memory


Copy TPU memory from source to destination.  The source or destination can be either RAM or EEPROM.  The result is undefined if the source and destination regions overlap.

Name
Length

(bits)
Value
Description

Opcode
16
0x012b


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
5
Command length in 32-bit words

Source
32
Unsigned integer
Source address

Destination
32
Unsigned integer
Destination address

Byte Count
32
Unsigned integer
Number of bytes to copy

Checksum
32

32 bit XOR

5.2.38 CRS_TPU_MEM_LOAD – Load TPU Memory


Load memory to the TPU.  The byte count determines how many load bytes follow and may be up to 128 bytes.  The padding after the data forces the size of the load to be a multiple of 4 bytes; M+N is always a multiple of 4.

Name
Length

(bits)
Value
Description

Opcode
16
0x012d


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
4 – 36
Command length in 32-bit words

Address
32
Unsigned integer
Starting address

Byte Count
8
0 – 128 (M)
Number of bytes in data field

Spare
24



Data
M * 8

Load data

Pad
N * 8
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.39 CRS_TPU_MEM_READ – Read TPU Memory


Dump TPU memory from given address.

Name
Length

(bits)
Value
Description

Opcode
16
0x012e


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
4
Command length in 32-bit words

Source
32
Unsigned integer
Source address

Byte Count
32
Unsigned integer
Number of bytes to dump

Checksum
32

32 bit XOR

5.2.40 CRS_TPU_MEM_READ_ABT – Abort TPU Memory Read


Abort the current TPU memory dump.

Name
Length

(bits)
Value
Description

Opcode
16
0x0130


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
2
Command length in 32-bit words

Checksum
32

32 bit XOR

5.2.41 CRS_TPU_MEM_RUN – Run a TPU Program


Run a program at the given TPU address.  The program must either execute very quickly (so as not to hold up the command handler) or must take over completely.

Name
Length

(bits)
Value
Description

Opcode
16
0x0133


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Address
32
Unsigned integer
Program start address

Checksum
32

32 bit XOR

5.2.42 CRS_TPU_MEM_STR_LOAD – Load Values into TPU Data Structure


Load the data values into the identified data structure at the location denoted by the offset.  The byte count determines how many load bytes follow and may be up to 128 bytes.  The padding after the data forces the size of the load to be a multiple of 4 bytes; M+N is always a multiple of 4.

Name
Length

(bits)
Value
Description

Opcode
16
0x0135


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
4 – 35
Command length in 32-bit words

Id
8
0 = Mirror parameters

1 = Aim parameters

2 = CA parameters

3 = Tracker offset

4 = Tracker control

5 = Tracker target

6 = Tracker EKF

7 = Tracker Cheby #1

8 = Tracker Cheby #2

9 = Tracker Cheby #3

10 = Tracker mirror

11 = Tracker gate

12 = Tracker align
Id of data structure

Byte Count
8
0 – 128 (M)
Number of bytes in data field

Offset
16
Unsigned integer
Byte offset into data structure

Data
M * 8

Load data

Pad
N * 8
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.43 CRS_TPU_MEM_STR_READ – Read TPU Data Structure


Dump the identified data structure.

Name
Length

(bits)
Value
Description

Opcode
16
0x0136


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Id
8
0 = Mirror parameters

1 = Aim parameters

2 = CA parameters

3 = Tracker offset

4 = Tracker control

5 = Tracker target

6 = Tracker EKF

7 = Tracker Cheby #1

8 = Tracker Cheby #2

9 = Tracker Cheby #3

10 = Tracker mirror

11 = Tracker gate

12 = Tracker align
Id of data structure

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.44 CRS_TPU_MIR_ANGLE – Set the Slew Mode Target Angle


Sets the angle of the target to use when in slew mode (see CRS_TPU_MIR_MODE).  The angle specifies the imager’s look direction; a zero angle looks along the nose of the instrument.  Note that this is not the same as the mirror shaft angle.  The actual mirror shaft angle used will depend on the commanded angle and mirror side (see CRS_TPU_MIR_SIDE).

Name
Length

(bits)
Value
Description

Opcode
16
0x0139


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Angle
32
IEEE-754 single
Slew target angle (degrees)

Checksum
32

32 bit XOR

5.2.45 CRS_TPU_MIR_HOME – Find Mirror Home Position


Search for mirror home fiducial.  Once found, move the mirror to 90º, and set the mirror mode to “hold”.

Name
Length

(bits)
Value
Description

Opcode
16
0x013a


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
2
Command length in 32-bit words

Checksum
32

32 bit XOR

5.2.46 CRS_TPU_MIR_MODE – Set the Mirror Mode


Sets the control mode of the tracking mirror.  When off, the mirror motor is not driven.  In hold mode, the mirror is held at the current position.  In slew mode, the mirror is held at a commanded angle (see CRS_TPU_MIR_ANGLE).  In scan mode, the mirror follows a profile computed by the tracker.  Whenever the mirror mode is commanded, the mirror controller is reset.

Name
Length

(bits)
Value
Description

Opcode
16
0x013c


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = Hold

2 = Slew

3 = Scan
Mirror mode

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.47 CRS_TPU_MIR_PWR – Control Mirror Motor Power


Turn mirror motor power off or on.  Turning off the motor power also sets the mirror control mode to “off” (see CRS_TPU_MIR_MODE).

Name
Length

(bits)
Value
Description

Opcode
16
0x0159


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = On
Mirror motor power off/on

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.48 CRS_TPU_MIR_SIDE – Select Mirror Side


Selects which side of the mirror to use.

Name
Length

(bits)
Value
Description

Opcode
16
0x013f


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Side
8
0 = A (science)

1 = B (tracking)
Mirror side

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.49 CRS_TPU_OFF_ANGLE – Set the Target Offset Angle


Set the target offset angle.  If automatic offset adjustment is enabled (see CRS_TPU_OFF_MODE), the angle will be modified at a commandable rate (see CRS_TPU_OFF_RATE).  Note that the angle corresponds to the line-of-sight target angle rather than the mirror shaft angle.

Name
Length

(bits)
Value
Description

Opcode
16
0x0142


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Angle
32
IEEE-754 single
Target offset angle (degrees)

Checksum
32

32 bit XOR

5.2.50 CRS_TPU_OFF_MODE – Enable/Disable Automatic Offset Adjustment


Enable or disable automatic offset adjustment.  When enabled the offset is adjusted based on the last commanded initial angle (CRS_TPU_OFF_ANGLE) and the rate (CRS_TPU_OFF_RATE).  When disabled, the offset is held at the last computed offset; when re-enabled, the offset adjust will pick up where it left off.  While disabled, the offset can be commanded to a fixed position via CRS_TPU_OFF_ANGLE).

Name
Length

(bits)
Value
Description

Opcode
16
0x0144


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Enable/disable automatic offset adjustment

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.51 CRS_TPU_OFF_RATE – Set the Automatic Offset Rate


Set the automatic offset rate.  The mirror is adjusted by the commanded rate.  This rate is only used when automatic offset adjustment is commanded (CRS_TPU_OFF_MODE).  Note that this rate applies to the line-of-sight target angle and not the mirror shaft angle.

Name
Length

(bits)
Value
Description

Opcode
16
0x0147


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Rate
32
IEEE-754 single
Target offset rate (degrees/second)

Checksum
32

32 bit XOR

5.2.52 CRS_TPU_TEST – Enable/Disable Test Mode


Enable or disable test mode.  In test mode, the tracking image is loaded from a test port rather the FPU.  This is only useful during testing on the ground.

Name
Length

(bits)
Value
Description

Opcode
16
0x0166


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Test mode enable/disable

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.53 CRS_TPU_TLM_FLUSH – Flush TPU Telemetry Subpackets


If there is a partially filled subpacket packet in the TPU, generate a flush subpacket so that the packet will be downlinked.

Name
Length

(bits)
Value
Description

Opcode
16
0x015a


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
2
Command length in 32-bit words

Checksum
32

32 bit XOR

5.2.54 CRS_TPU_TLM_FLUSH_AUTO – Enable/Disable Automatic Flush


Enable or disable automatic flushing of partially filled subpacket packets in the TPU.  If enabled, the TPU will try to send a subpacket packet every other second, even if the packet has not been completely filled.  This is most useful during ground testing since it gives a low-latency response.

Name
Length

(bits)
Value
Description

Opcode
16
0x015c


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Enable/disable automatic flush

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.55 CRS_TPU_TRK_ALG – Select Tracking Algorithm


Select tracking algorithm.

Name
Length

(bits)
Value
Description

Opcode
16
0x0148


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Off

1 = Fixed target

2 = Moving target
Tracking algorithm

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.56 CRS_TPU_TRK_GOAL – Set Tracker Goal


Set desired target position on CCD.  The tracker tries to place the target at the specified position.

Name
Length

(bits)
Value
Description

Opcode
16
0x0153


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
4
Command length in 32-bit words

X
32
IEEE-754 single
X goal position (pixels)

Y
32
IEEE-754 single
Y goal position (pixels)

Checksum
32

32 bit XOR

5.2.57 CRS_TPU_TRK_LOOP – Enable/Disable Closed-Loop Tracking


Enable or disable closed-loop tracking.

Name
Length

(bits)
Value
Description

Opcode
16
0x014b


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Enable/disable closed-loop tracking

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.58 CRS_TPU_TRK_TLM – Enable/Disable Tracking Telemetry


Enable or disable tracking telemetry production.

Name
Length

(bits)
Value
Description

Opcode
16
0x016f


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Mode
8
0 = Disable

1 = Enable
Enable/disable tracking telemetry

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

6. Support Processing

6.1 1553 Bus Management


CRISP communicates with the C&DH system over a 1553B bus.  The DPU acts as a remote terminal (RT) with the active C&DH system acting as the bus controller (BC).  The traffic on the 1553B bus is periodic, repeating every one second major frame.  The major frame is divided into 25 minor frames, numbered 0 to 24.  Individual messages are distinguished by their transmit or receive subaddress.  In addition to the messages described in Reference 3, CRISP handles the messages shown in the following table.

Table 19.  1553 Bus Usage

Message
Subaddress
Minor Frame
Size (Words)

MIMU Angles and Status
R3
All
13

G & C Delta Quaternion and Commanded Attitude
R22
24
41

CRISP Attitude, Roll, and Closest Approach
T22
0
41


Four times per minor frame, the current MIMU gyro angles are sent to CRISP.  CRISP immediately forwards these to the TPU.  At the end of the major frame an attitude correction and the commanded attitude are sent to CRISP from G&C.  These are also forwarded to the TPU.  At the beginning of the major frame CRISP provides its estimate of the current attitude and time to closest approach.  The formats of these messages are shown in the following tables.

Table 20.  MIMU Angles and Status

Name
Length

(bits)
Value
Description

Time Tag
32

MET

Frame Timer
16

Frame timer 200 Hz

Frame Count
16

Frame counter 1 Hz

IRU Status
16

IRU status word

X
16

Incremental angle X

Y
16

Incremental angle Y

Z
16

Incremental angle Z

X DeltaT
16

Average X gyro delta temperature

Y DeltaT
16

Average Y gyro delta temperature

Z DeltaT
16

Average Z gyro delta temperature

Block T
16

Average sensor block temperature

Checksum
16

Arithmetic checksum

Table 21.  G&C Delta Quaternion and Commanded Attitude to CRISP

Name
Length

(bits)
Value
Description

DeltaQ
4 * 64
IEEE-754 double
Correction to CRISP attitude

Qcmd
4 * 64
IEEE-754 double
Commanded attitude

TDT Offset
64
IEEE-754 double
Offset from MET to TDT

Time Tag
32
Unsigned integer
MET

DeltaQ Flag
16
0 = Valid

1 = Invalid
DeltaQ invalid flag

Qcmd Flag
16
0 = Valid

1 = Invalid
Qcmd invalid flag

Flag
16
0 = Not relative to CRISP

1 = Relative to CRISP
Attitude correction flag

Table 22. CRISP Attitude, Roll, and Closest Approach to G&C

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
MET

CA
32
0 = Now

99998 = Future
Time to closest approach

MET Offset
64
IEEE-754 double
Time offset from MET to attitude estimate

Qroll
4 * 64
IEEE-754 double
Roll correction

QCRISP
4 * 64
IEEE-754 double
CRISP attitude estimate

Flag
16
0 = All valid

1 = One or more invalid
Message invalid flag

6.2 Inter-Integrated Circuit (I2C) Bus Management


A collection of environmental data is collected by the DPU.  There are analogs including voltages and currents read via one of the DPU’s two Inter-Integrated Circuit (I2C) buses.  A second I2C bus is used to collect temperatures.  The data collected is included in the status subpacket and image headers.  Each analog is also monitored when it is read (see below).  Collection and monitoring occur once per second.

6.3 Alarms and Monitoring


Alarms report problems found by the DPU software.  Each alarm is described by an ID, two values, and a flag.  The ID identifies the problem that has occurred and the accompanying values offer additional information.  The flag indicates whether the alarm was caused by a transient or a persistent condition.  See Appendix 3 for a list of alarms.


The alarms are divided into two groups: one for reporting internal software problems and another for reporting out-of-limit conditions for monitored data.  Software problems are all reported as transient alarms.  When the problem occurs, the alarm is generated and the software recovers from the problem as best it can.


Values read from the I2C buses are monitored by the DPU The monitoring is event driven: a monitor cycle is performed on each item as it becomes available.  For example, each I2C analog is monitored when it is read.  The monitoring algorithm is described in more detail in Reference 3.


The monitored data is summarized in the following table.  The monitor class is encoded as S=shutdown, N=nop, and R=redo.  The reported alarm Ids are for low and high excursions; similarly there are low and high response macro Ids.

Table 23.  Monitored Data

Source
Class
Alarm Ids

Low / High
Macro Ids

Low / High

Mirror motor current
N
128
192
0
18

Star camera #1 heater current
N
129
193
0
2

Star camera #2 heater current
N
130
194
0
2

Diaphragm heater current
N
131
195
0
2

Mirror motor heater current
N
132
196
0
2

Bulk heater current
N
133
197
0
2

DPU current
N
134
198
1
1

DPU voltage
N
135
199
1
1

Imager converter current
N
136
200
0
16

HOP actuator #1 heater #1 current
N
137
201
0
14

HOP actuator #1 heater #2 current
N
138
202
0
14

Imager current
N
139
203
0
16

HOP actuator #2 heater #1 current
N
140
204
0
14

Imager voltage
N
141
205
0
16

HOP actuator #2 heater #2 current
N
142
206
0
14

Spectrometer primary current
N
143
207
0
17

Spectrometer converter current
N
144
208
0
17

Cooler converter current
N
145
209
0
17

Cooler current
N
146
210
0
17

Spectrometer current
N
147
211
0
17

Cooler voltage
N
148
212
0
17

Spectrometer voltage
N
149
213
0
17

FW motor primary current
N
150
214
0
15

FW motor current
N
151
215
0
15

FW motor converter current
N
152
216
0
15

FW 15V current
N
153
217
0
15

FW 15V voltage
N
154
218
0
15

Spectrometer housing temperature
N
155
219
0
13

Mirror motor elec. temperature
N
156
220
0
13

Cryo cooler temperature
N
157
221
0
13

Fold mirror temperature
N
158
222
0
13

Housing rear temperature
N
159
223
0
13

M2 temperature
N
160
224
0
13

M1 temperature
N
161
225
0
13

Diaphragm temperature
N
162
226
0
13

Mirror motor temperature
N
163
227
0
13

Star camera #2 temperature
N
164
228
0
13

Star camera #1 temperature
N
165
229
0
13

HOPS actuator #1 temperature
N
166
230
0
13

Housing top temperature
N
167
231
0
13

Radiator temperature
N
168
232
0
13

Deck temperature
N
169
233
0
13

6.4 Fault Avoidance and Recovery


Many of the DPU’s hardware control registers contain triple redundancy and voting logic for each bit.  The DPU software periodically rewrites these registers to correct single bit errors.


The DPU has a watchdog timer.  If the watchdog timer is not tickled from time to time, the processor is reset.  The watchdog timeout is 2.95 seconds.  The watchdog does not run until it has been enabled; once enabled, it can never by disabled except by processor reset, watchdog or otherwise.  The DPU monitors all periodic processes every second.  If they are all running, the watchdog is tickled.  Some aperiodic processes do not participate.

6.5 Closest Approach


The DPU will automatically select and run a macro to orchestrate data collection during closest approach.  The tracker estimates the time to closest approach, the miss distance between the spacecraft and the comet, and the angle from the spacecraft to the comet.  The TPU uses a set of thresholds to categorize the comet angle into either “inbound”, “inbound imaging”, “closest approach”, or “outbound imaging”.  The TPU also categorizes the miss distance as either “very near”, “near”, “nominal”, “far”, “very far”, “too far #1”, “too far #2”, or “too far #3”.  Once the DPU is commanded to monitor the closest approach data (CRS_CA_START), it watches the angle until “inbound imaging” is detected.  Then the DPU starts the closest approach imaging macro.  The miss distance category is used to select the macro.  The macro chosen depends on whether “good” targeting or “bad” targeting was selected (an argument to CRS_CA_START).  In “good” targeting mode, miss distances from “very near” to “very far” cause the corresponding “very near” to “very far” macro to be run; miss distances that are “too far” cause the “very far” macro to be run.  In “bad” targeting mode, the “too far” miss distances will cause corresponding “bad targeting” macros to be run.  Once one of the imaging macros has been selected, no other closest approach macro will be started.  The DPU continues to monitor the comet angle.  Once the “closest approach” stage is reached, a closest approach macro will be run.


The DPU will automatically run a post-encounter macro.  The macro is started once the comet angle reaches “outbound imaging”.  The macro will be allowed to run to completion.  Then the DPU closest approach monitor enters an idle state; another command (CRS_CA_START) is required before it will start monitoring the comet angle again.  The closest approach monitor can be commanded to the idle state at any time (CRS_CA_RESET).  The comet angle and miss distance thresholds are all TPU parameters.

7. DPU Boot ROM Program


The DPU boot ROM program operates as described in Reference 3 with the addition of the following features for supporting the TPU.  In addition to the common boot telemetry, the CRISP DPU boot program also generates TPU memory dump packets and TPU memory checksum subpackets.  In addition to the common boot commands, the CRISP DPU boot program accepts the following TPU commands:

· CRS_TPU_MEM_CHECK, CRS_TPU_MEM_COPY, CRS_TPU_MEM_LOAD, CRS_TPU_MEM_READ, CRS_TPU_MEM_READ_ABT, and CRS_TPU_MEM_RUN

· CRS_TPU_TLM_FLUSH and CRS_TPU_TLM_FLUSH_AUTO

· CRS_TPU_ROM_BOOT and CRS_TPU_ROM_GO (see below)

7.1.1 CRS_TPU_ROM_BOOT – Boot Default TPU Program


Boot the default TPU program from EEPROM (address = 0x9d000000).  See CRS_TPU_ROM_GO below.

Name
Length

(bits)
Value
Description

Opcode
16
0x015f


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
2
Command length in 32-bit words

Checksum
32

32 bit XOR

7.1.2 CRS_TPU_ROM_GO – Boot a Selected TPU Program


Boot a TPU program.  The address identifies a boot header (described below).  The program must either execute very quickly (so as not to hold up the command handler) or take over completely.

Name
Length

(bits)
Value
Description

Opcode
16
0x0160


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Address
32
Unsigned integer
Program header address

Checksum
32

32 bit XOR

8. TPU Boot ROM Program


The TPU boot ROM program first initializes the hardware.  The program determines the cause of the reset.  On power-up reset, the program zeroes the entire contents of RAM; this takes several seconds.  On any other type of reset, the RAM is left untouched so that the corpse of a crashed program can be examined.  After initializing the hardware the boot program copies itself into RAM occupying addresses ranging from 0x901f0000 through 0x901fffff.  From this point on, the program runs in RAM.  The boot program stack grows down from address 0x901f0000.


Next, the boot program establishes communication with the DPU.  The program waits for commands from the DPU, executing the TPU memory commands described above.  The program can generate TPU memory dump packets and TPU subpacket packets. TPU alarm and TPU memory checksum subpackets can be produced.


The boot program can be commanded to run programs stored in EEPROM.  A program stored in EEPROM must be prefixed by a by a boot header:

address
start address
length
checksum


The address is a destination address for the program.  The start address is the entry point of the program.  The length is the total length including the header (measured in 32-bit words).  The checksum is the negation of the word-wise two’s complement sum of the rest of the header and the program; therefore, the checksum of the header and program should be zero.

Appendix 1 - DPU Data Structures


Monitor limits consists of lower and upper limits of each monitored value; the lower limit is first followed by the upper limit.  Each limit is an eight bit unsigned integer; the monitored value is scaled accordingly before being monitored.

Table 24.  Monitor Limits Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0005
Identifies subpacket type

Length
16
84
Number of data bytes in subpacket

Ana DPU/0
2 * 8
Unsigned integer
Mirror motor current

Ana DPU/1
2 * 8
Unsigned integer
Star camera #1 heater current

Ana DPU/2
2 * 8
Unsigned integer
Star camera #2 heater current

Ana DPU/3
2 * 8
Unsigned integer
Diaphragm heater current

Ana DPU/4
2 * 8
Unsigned integer
Mirror motor heater current

Ana DPU/5
2 * 8
Unsigned integer
Bulk heater current

Ana DPU/6
2 * 8
Unsigned integer
DPU current

Ana DPU/7
2 * 8
Unsigned integer
DPU voltage

Ana IM/0
2 * 8
Unsigned integer
Imager converter current

Ana IM/1
2 * 8
Unsigned integer
HOP actuator #1 heater #1 current

Ana IM/2
2 * 8
Unsigned integer
HOP actuator #1 heater #2 current

Ana IM/3
2 * 8
Unsigned integer
Imager current

Ana IM/4
2 * 8
Unsigned integer
HOP actuator #2 heater #1 current

Ana IM/5
2 * 8
Unsigned integer
Imager voltage

Ana IM/6
2 * 8
Unsigned integer
HOP actuator #2 heater #2 current

Ana SP/0
2 * 8
Unsigned integer
Spectrometer primary current

Ana SP/1
2 * 8
Unsigned integer
Spectrometer converter current

Ana SP/2
2 * 8
Unsigned integer
Cooler converter current

Ana SP/3
2 * 8
Unsigned integer
Cooler current

Ana SP/4
2 * 8
Unsigned integer
Spectrometer current

Ana SP/5
2 * 8
Unsigned integer
Cooler voltage

Ana SP/6
2 * 8
Unsigned integer
Spectrometer voltage

Ana FW/0
2 * 8
Unsigned integer
FW motor primary current

Ana FW/1
2 * 8
Unsigned integer
FW motor current

Ana FW/2
2 * 8
Unsigned integer
FW motor converter current

Ana FW/3
2 * 8
Unsigned integer
FW 15V current

Ana FW/4
2 * 8
Unsigned integer
FW 15V voltage

Temp 0
2 * 8
Unsigned integer
Spectrometer housing temperature

Temp 1
2 * 8
Unsigned integer
Mirror motor elec. temperature

Temp 2
2 * 8
Unsigned integer
Cryo cooler temperature

Temp 3
2 * 8
Unsigned integer
Fold mirror temperature

Temp 4
2 * 8
Unsigned integer
Housing rear temperature

Temp 5
2 * 8
Unsigned integer
M2 temperature

Temp 6
2 * 8
Unsigned integer
M1 temperature

Temp 7
2 * 8
Unsigned integer
Diaphragm temperature

Temp 8
2 * 8
Unsigned integer
Mirror motor temperature

Temp 9
2 * 8
Unsigned integer
Star camera #2 temperature

Temp 10
2 * 8
Unsigned integer
Star camera #1 temperature

Temp 11
2 * 8
Unsigned integer
HOPS actuator #1 temperature

Temp 12
2 * 8
Unsigned integer
Housing top temperature

Temp 13
2 * 8
Unsigned integer
Radiator temperature

Temp 14
2 * 8
Unsigned integer
Deck temperature


Parameters are constants that describe different characteristics of the system.  In recognition of the fact that we may not know these “constants” exactly and may want to change them after launch, the parameters are grouped together in a parameter database.

Table 25.  DPU Parameter Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0006
Identifies subpacket type

Length
16
48
Number of data bytes in subpacket

Cal On
16
Unsigned integer
Time of cal. lamp on (seconds)

Cal Off
16
Unsigned integer
Time between cal. lamps on (s)

Cal Both
16
Unsigned integer
Time cal. lamps both off (s)

Cool Time
16
Unsigned integer
Cool time before spect. on (s)

HOP On
16
Unsigned integer
HOP on time (s)

FW Power
16
Unsigned integer
FW motor power level

FW Mult
16
Signed integer
FW motor steps per resolver counts

FW Div
16
Unsigned integer


FW Pos
10 * 16
Unsigned integer
FW positions (resolver counts)

Image Latch
16
Unsigned integer
Imager FPU latch recovery (seconds)

Spare
5 * 16



Appendix 2 - TPU Data Structures


There are a number of TPU parameter data structures.  There are parameters for the mirror control algorithm, the aim algorithm, and the closest approach logic.  There are many parameter structures for controlling the tracker.

Table 26.  Mirror Control Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0012
Identifies subpacket type

Length
16
92
Number of data bytes in subpacket

Max Drive
32
Signed integer
Maximum DAC value

Tcr
32
Signed integer
Time of constant rate (ticks)

Tend
32
Signed integer
Time from end of exposure to end of frame (ticks)

Max Rate
32
Signed integer
Maximum output rate (counts/tick)

Error Rate
32
Signed integer
Maximum input rate (counts/tick)

Slew Rate
32
Signed integer
Slew rate (counts/tick)

Home Rate
32
Signed integer
Home rate (counts/tick)

Home Offset
32
Signed integer
Offset 0º to home (counts)

Kloop
32
Signed integer
Loop gain multiplier

Dloop
32
Signed integer
Loop gain divider

Kp
32
Signed integer
Proportional gain multiplier

Dp
32
Signed integer
Proportional gain divider

Ki
32
Signed integer
Integral gain multiplier

Di
32
Signed integer
Integral gain divider

Kd
32
Signed integer
Derivative gain multiplier

Dd
32
Signed integer
Derivative gain divider

Kl
32
Signed integer
Last drive gain multiplier

Dl
32
Signed integer
Last drive gain divider

Integ. Clamp
32
Signed integer
Limit of position error to integrate

Integ. Limit
32
Signed integer
Limit of integrated position error

Max Hall
32
Signed integer
Maximum Hall transitions (/second)

Min Angle
32
IEEE-754 single
Minimum mirror angle (degrees)

Max Angle
32
IEEE-754 single
Maximum mirror angle (degrees)

Table 27.  Aim Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0013
Identifies subpacket type

Length
16
12
Number of data bytes in subpacket

Contrast
16
Unsigned integer
Minimum image contrast

Spare
16



Pixels
32
Signed integer
Minimum number of pixels for comet blob

Spare
32



Table 28.  Closest Approach Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0014
Identifies subpacket type

Length
16
80
Number of data bytes in subpacket

Dist Thresh
7 * 64
IEEE-754 double
Miss distance thresholds (km)

Ang Thresh
3 * 64
IEEE-754 double
Target angle thresholds (degrees)

Table 29.  Tracker Offset Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0015
Identifies subpacket type

Length
16
72
Number of data bytes in subpacket

Offset Matrix
9 * 64
IEEE-754 double
3x3 reference coordinate system transformation matrix

Table 30.  Tracker Control Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0016
Identifies subpacket type

Length
16
72
Number of data bytes in subpacket

Mirror Ang Thresh
64
IEEE-754 double
Actual/commanded mirror angle tolerance (degrees)

Mirror FF
64
IEEE-754 double
Time from last timing pulse to end of mirror command interval (seconds)

Filter Lag
64
IEEE-754 double
Time tracking filter “lags” behind current time (seconds)

Alpha R
64
IEEE-754 double
Roll correction gain

Alpha K
64
IEEE-754 double
Alpha-beta tracker gain

X Goal
64
IEEE-754 double
X goal position (pixels)

Y Goal
64
IEEE-754 double
Y goal position (pixels)

SFL
64
IEEE-754 double
System focal length (m)

G&C Rate
16
Unsigned integer
G&C message usage rate (s)

Spare
48



Table 31.  Tracker Target Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0017
Identifies subpacket type

Length
16
24
Number of data bytes in subpacket

Star Target
3 * 64
IEEE-754 double
Star target unit vector

Table 32.  Tracker EKF Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0018
Identifies subpacket type

Length
16
104
Number of data bytes in subpacket

Noise
64
IEEE-754 double
Filter measurement noise (one sigma)

Po
6 * 64
IEEE-754 double
Initial state covariance, HLC coords

Sys Q
6 * 64
IEEE-754 double
Kalman filter system noise, HLC coords

Table 33.  Tracker Cheby Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
Cheby #1 = 0x0019

Cheby #2 = 0x001a

Cheby #3 = 0x001b
Identifies subpacket type

Length
16
384
Number of data bytes in subpacket

Spans
32
Signed integer
Number of spans

Coord Id
32
Signed integer
Coord Id

Start
64
IEEE-754 double
Start time (seconds)

Stop
64
IEEE-754 double
Stop time (seconds)

X Coeff
15 * 64
IEEE-754 double
X Coefficients (km)

Y Coeff
15 * 64
IEEE-754 double
Y Coefficients (km)

Z Coeff
15 * 64
IEEE-754 double
Z Coefficients (km)

Table 34.  Tracker Mirror Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x001c
Identifies subpacket type

Length
16
640
Number of data bytes in subpacket

Coeff AA X
10 * 64
IEEE-754 double
Mirror coefficients, aft, side A, X

Coeff AA Y
10 * 64
IEEE-754 double
Mirror coefficients, aft, side A, Y

Coeff AB X
10 * 64
IEEE-754 double
Mirror coefficients, aft, side B, X

Coeff AB Y
10 * 64
IEEE-754 double
Mirror coefficients, aft, side B, Y

Coeff FA X
10 * 64
IEEE-754 double
Mirror coefficients, fore, side A, X

Coeff FA Y
10 * 64
IEEE-754 double
Mirror coefficients, fore, side A, Y

Coeff FB X
10 * 64
IEEE-754 double
Mirror coefficients, fore, side B, X

Coeff FB Y
10 * 64
IEEE-754 double
Mirror coefficients, fore, side B, Y

Table 35.  Tracker Gate Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x001d
Identifies subpacket type

Length
16
24
Number of data bytes in subpacket

Size
64
IEEE-754 double
Gate diameter

Alpha
64
IEEE-754 double
Gate smoothing gain

Count
32
Signed integer
Running hit counter

Spare
32



Table 36.  Tracker Alignment Parameters

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x001e
Identifies subpacket type

Length
16
32
Number of data bytes in subpacket

Align
4 * 64
IEEE-754 double
IRU alignment quaterion

Appendix 3 - Alarm & Result Codes

Table 37.  Alarms

ID
Description
Information

0
Unused


1
Bad command checksum


2
Out of macro contexts
Macro Id

128-191
Monitored value is too low
Value and limit

192-255
Monitored value is too high
Value and limit

Table 38.  Results

Result Code (hex)
Description

0x00
No error, command executed

0x01
No error, command appended to macro

0x02
Unknown opcode

0x03
Bad argument

0x04
Cannot run macro; no contexts

0x05
Cannot be used outside of a macro

0x06
Macro compilation error

0x07
Macro not killed (not running?)

0x08
Bad EEPROM program

0x09
Cannot restore macros; bad checksum

0x0a … 0x0f
reserved for common software

0x10
Cannot move cover, actuator disabled

Appendix 4 - Acronyms

Table 39.  Acronyms

Acronym
Definition

BC
Bus Controller

CA
Closest Approach

CCD
Charge-Coupled Device

CCSDS
Consultative Committee for Space Data Systems

C&DH
Command & Data Handling

CFI
CONTOUR Forward Imager

CONTOUR
COmet Nucleus TOUR

CRISP
CONTOUR Remote Imager/Spectrometer

DPU
Data Processing Unit

EEPROM
Electrically Erasable Programmable ROM

FPU
Focal Plane Unit

FW
Filter Wheel

G&C
Guidance and Control

HOP
High Output Paraffin

I2C
Inter-Integrated Circuit

IR
Infra-Red

LED
Light-Emitting Diode

MET
Mission Elapsed Time

MIMU
Miniature Inertial Measurement Unit

RAM
Random Access Memory

ROM
Read Only Memory

RT
Remote Terminal

S/C
Spacecraft

TBD
To Be Determined

TDT
Terrestrial Dynamical Time

TPU
Tracking Processor Unit

XOR
eXclusive OR












































































































































































