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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 CFI.  Included are descriptions of sensor architecture, major subsystems, telemetry, commands, support processing, and the boot program.

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 CFI imager collects images up to 1024 pixels square.  The following figure shows a block diagram of the optical path, the major subsystems, and the computer.  The Data Processing Unit (DPU) controls the one-time deployable cover, the cube mirror, and the filter wheel 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 cube mirror, and the heaters are discussed below.

3.1 Cover


The CFI 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 (CFI_COV_MODE and CFI_COV_DEPLOY).  A mechanical switch provides a telltale that indicates that the cover mechanism has activated.

3.2 Imager


The imaging subsystem, from the CCD to the software, normally 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 CFI 1 Hz clock lags the system-wide clock by ~7 ms.  Image exposures vary in length, but always end ~40 ms before the next CFI 1 Hz pulse.  For science imaging, the exposure time will normally be under 1 second.  However, additional seconds of exposure time can be commanded, for example, to do comet coma imaging.  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 provided by the DPU software.  The read out of the entire image must be complete before the end of the exposure.  The time between the end of exposure and the next CFI 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 three processing steps.  Each step takes one second, but the process can be pipelined such that one image is taken every second.  The resulting three-stage pipeline is shown below.  For multisecond exposures, the expose stage is stretched out and subsequent processing stages are delayed.

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 (CFI_IMG_IMAGE) executed in t will cause the CCD to be exposed in t+1.  Similarly, commands to set the exposure time (CFI_IMG_EXP) and select the filter wheel (CFI_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 spacecraft’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]

CFI images come in six possible formats shown in the table below.  The format is selected by command (CFI_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 (CFI_IMG_REGION) selects the origin of the window.  Alternatively, the entire 1024x1024 image can be rebinned into 512x512 or 256x256 images.  The rebinning is done directly in the CCD while the windowing is done by downstream logic.  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 (CFI_IMG_COMP_MODE).  The compression is done via table lookup in hardware; one of eight tables can be selected by command (CFI_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 window
4 cal + 512 pixels
512
4 cal + 512 temps

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

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

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

256 x 256 rebinned
4 cal + 256 pixels
256
4 cal + 256 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 exposed and a snapshot of the current DPU status.  For multi-second images, the header corresponds to the last second of 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
34 * 16
See Table 8
Analog status

Digital
14 * 16
See Table 9
Digital status

Software
28 * 8
See Table 10
Software status

Spare
896 * 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 (CFI_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.  Alternatively, the filter step command (CFI_FLT_STEP) will move the filter wheel the commanded number of resolver counts forward or backward.  The power to the resolver can be commanded on or off (CFI_FLT_PWR).  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 3.  Filters

Filter Number
Spectral Band (nm)
Use

1
“clear”
Navigation

2
920
Geology

3
840
Geology

4
620
Red (geology)

5
445
Blue (geology) and backup continuum

6
526
Green (geology) and C2 continuum

7
514.1
C2 emission (coma)

8
309
OH emission (coma)

9
344.8
OH and CN continuum

10
387
CN emission (coma)

3.4 Cube Mirror


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


The mirror move command (CFI_MIR_MOVE) uses the commanded mirror side to look up an absolute goal position from a table, reads the current position from the resolver, and computes the number of steps needed to arrive at the goal traveling in a preferred direction.  The motor is then stepped to the desired goal.  Alternatively, the mirror step command (CFI_MIR_STEP) will move the mirror the commanded number of resolver counts forward or backward.  The power to the resolver can be commanded on or off (CFI_MIR_PWR).  If the power to the resolver is turned off, further move commands will be dead-reckoned from the last resolver reading.  The mirror is characterized by several uploadable parameters including the motor power level, the scale factor between resolver counts and motor steps, the mirror side positions, and the preferred move direction.

3.5 Heaters


The CFI DPU controls the temperature of the radiator used to cool the CCD.  The heater may be commanded off, on, or controlled by software (CFI_HTR_MODE).  If the heater is being controlled by software, it uses the setpoint and hysteresis commanded (CFI_HTR_TMP).  The software uses one of four temperatures sensors to control the heater; the sensor used is commandable (CFI_HTR_SENSOR).  Every second the selected temperature is compared against the 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.

3.6 CONTOUR Hardware Experimental Acquisition Package


The CFI DPU monitors the CONTOUR Hardware Experimental Acquisition Package (CHEAP).  CHEAP contains three experiments:  digital solar attitude detectors, a dust shield monitor, and a dosimeter.  These are described below.  Because of CHEAP’s experimental nature, commands are provided for doing raw reads and writes to the hardware (CFI_CHE_PEEK and CFI_CHE_POKE).  CHEAP is present as a flight test and is not an operational part of CONTOUR.

3.6.1 Digital Solar Attitude Detector


The CFI DPU controls two Digital Solar Attitude Detector (DSAD) imagers.  Each device has a 200 x 200 pixel array; each pixel is ten bits.  The only difference between the DSADs is that one views space through a pinhole and the other views space through a lens.  Image collection is controlled via command (CFI_SAD_IMAGE).  Another command (CFI_SAD_EXP) sets the exposure time for each device.

3.6.2 Dust Shield Monitor


The CFI DPU monitors degradation of the spacecraft’s dust shield.  Sixteen measurements are taken over different regions of the dust shield; each measurement is ten bits.  Data collection is controlled via command (CFI_DUS_DATA).

3.6.3 Dosimeter


The CFI DPU monitors the total radiation dose that the spacecraft receives.  A single ten-bit dosimeter measurement is taken on command (CFI_DOS_DATA).

4. Telemetry Interface


The spacecraft Command & Data Handling (C&DH) system collects telemetry from CFI 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 4.  Non-Packetized Housekeeping Format

Name
Length

(bits)
Value
Description

Version
8
0 = Boot

>0 = Application
Software version

Alarm
8
See Table 20
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
9 * 8



4.2 Packets


The C&DH system collects up to one packet from CFI every second.  These packets are memory dump and subpacket packets as described in Reference 3.  CFI images are sent directly to the C&DH system for packetization.

Table 5.  Packet Types

Product
Data Id (binary)
When Sent

Memory Dump
000 0000
On demand

Subpacket
000 0001
As needed

Images
000 0010
Commandable interval

4.2.1 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 CFI are listed in the table below.

Table 6.  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

DSAD Pinhole Summary
0x0007
On demand

DSAD Lensed Summary
0x0008
On demand

DSAD Pinhole Image
0x0009
On demand

DSAD Lensed Image
0x000a
On demand

Dust Shield Data
0x000b
On demand

Dosimeter Data
0x000c
On demand

CHEAP Peek
0x000d
On demand

Flush
0x3fff
As needed

4.2.1.1 Status


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

Table 7.  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
124
Number of data bytes in subpacket

Analog
34 * 16
See Table 8
Analog readings

Digital
14 * 16
See Table 9
Digital configuration and feedback

Software
28 * 8
See Table 10
Software configuration and status

Table 8.  Analog Status

Name
Length

(bits)
Value
Description

Ana DPU/1
16
-8192 – 8191
CCD 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 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

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

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

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

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

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

Temp 0
16
0 – 1023
CCD plate temperature #1

Temp 1
16
0 – 1023
CCD plate temperature #2

Temp 2
16
0 – 1023
Top bracket temperature

Temp 3
16
0 – 1023
Bottom bracket temperature

Temp 4
16
0 – 1023
M1/M2 tube base temperature

Temp 5
16
0 – 1023
Bench fold cube temperature

Temp 6
16
0 – 1023
Filter motor temperature

Temp 7
16
0 – 1023
Cube motor temperature

Temp 8
16
0 – 1023
Telescope tube bottom temperature

Temp 9
16
0 – 1023
Telescope tube top temperature

Temp 10
16
0 – 1023
Radiator temperature #2

Temp 11
16
0 – 1023
Radiator temperature #1

Temp 12
16
0 – 1023
Cover temperature #2

Temp 13
16
0 – 1023
Cover temperature #1

Table 9.  Digital Status

Name
Length

(bits)
Value
Description

Spare
15



Telltale
1
0 = Closed

1 = Open
Cover telltale

FW Resolver
16
Unsigned integer
Filter wheel position

Mirror Resolver
16
Unsigned integer
Cube mirror position

Spare
1



CCD Heater
1
0 = Off

1 = On
CCD heater power

Spare
6



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

FW Primary
1
0 = Off

1 = On
FW motor board primary power

FW Resolver
1
0 = Off

1 = On
FW resolver power

Spare
6



CM Primary
1
0 = Off

1 = On
CM motor board primary power

CM Resolver
1
0 = Off

1 = On
CM 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
1



CM Level
3
Unsigned integer
CM motor power level

Spare
1



CM Motor
1
0 = Off

1 = On
CM motor current enable

CM Phase
2
Unsigned integer
CM motor phase drive

DSAD Pinhole Expose Time
8
Unsigned integer
DSAD pinhole exposure time (milliseconds)

DSAD Lensed Expose Time
8
Unsigned integer
DSAD lensed exposure time (milliseconds)

Spare
16



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
12



Binning Enable
1
0 = Disable

1 = Enable
Image binning enable

Spare
1



Binning Mode
1
0 = 4 x 4 binning

1 = 2 x 2 binning
Image binning mode

Binning On/Off
1
0 = Off

1 = On
Image binning on/off

Image Expose Time
7
Unsigned integer
Additional image exposure time (seconds)

Image Start
9
Unsigned integer
Image exposure start time

Imager Status
16

Imager FPU status word

Spare
16



Table 10. 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)

Spare
16



Spare
16



Heater Setpoint
16
Unsigned integer
Heater setpoint

Heater Hysteresis
8
Unsigned integer
Heater hysteresis

Heater Mode
2
0 = Off

1 = On

2 = Software control
Heater control mode

Heater Sensor
2
0 = CCD plate temp. #1

1 = CCD plate temp. #2

2 = Radiator temp. #1

3 = Radiator temp. #2
Sensor selected to control heater

Filter
4
1 – 10
Commanded filter number

Cover Mode
1
0 = Disable deployment

1 = Enable deployment
Cover deployment mode

Cube Side
2
0 – 3
Commanded cube mirror side

Spare
13



Macro Blocks
16
Unsigned integer
Number of macro blocks free

DPU Version
8
Unsigned integer
DPU software version number

Alarm Id
8
See Table 20
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



Spare
16



4.2.1.2 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 (CFI_MEM_STR_LOAD).  The current data structures can also be downlinked by command (CFI_MEM_STR_READ).  The data structures are described in Appendix 1.

4.2.1.3 DSAD Data


The DSAD computes the X, Y centroid of the image.  These, along with other analog values, are sent as a summary subpacket in response to a command (CFI_SAD_IMAGE).

Table 11.  DSAD Summary Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0007 (or 0x0008)
Identifies subpacket type

Length
16
14
Number of data bytes in subpacket

Analog 0
16
0 – 1023
Ground

Analog 1
16
0 – 1023
Vptat

Analog 2
16
0 – 1023
DAC test point

Analog 3
16
0 – 1023
Divider test point

Analog 4
16
0 – 1023
Bandgap

Analog 5
16
0 – 1023
Vertical (Y) position

Analog 6
16
0 – 1023
Horizontal (X) position


The raw image may also be sent in addition to the summary if commanded (CFI_SAD_IMAGE).  Each DSAD image is sent as a series of subpackets. Each subpacket contains a single 200-pixel scan line from the image.  Each line is prefixed with a subheader containing the line number.

Table 12.  DSAD Image Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x0009 (or 0x000a)
Identifies subpacket type

Length
16
402
Number of data bytes in subpacket

Line
8
0 – 199
Image line number

Spare
8



Image
200 * 16
0 – 1023
Image line

4.2.1.4 Dust Shield Monitor


The DPU generates a dust shield monitor subpacket on command (see CFI_DUS_DATA).  The subpacket consists of a subpacket header and sixteen measurements.

Table 13.  Dust Shield Monitor Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x000b
Identifies subpacket type

Length
16
32
Number of data bytes in subpacket

Data
16 * 16
0 – 1023
Dust shield measurements

4.2.1.5 Dosimeter


The DPU generates a dosimeter subpacket on command (see CFI_DOS_DATA).  The subpacket consists of a subpacket header and a single dosimeter measurement.

Table 14.  Dosimeter Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x000c
Identifies subpacket type

Length
16
2
Number of data bytes in subpacket

Data
16
0 – 1023
Dosimeter measurements

4.2.1.6 CHEAP Peek


The DPU generates a CHEAP peek subpacket on command (see CFI_CHE_PEEK).  The subpacket consists of a subpacket header and a single CHEAP data value.

Table 15.  CHEAP Peek Subpacket Format

Name
Length

(bits)
Value
Description

Time Tag
32
Unsigned integer
Spacecraft MET

Grouping
2
11 = None
Grouping flags

Subpacket Id
14
0x000d
Identifies subpacket type

Length
16
2
Number of data bytes in subpacket

Data
16
Unsigned integer
CHEAP peek data value

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.


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 CFI_MAC_DEF and CFI_MAC_ENDEF.  The default macros are shown in the following table.

Table 16.  Default Macros

ID
Action
Commands

0
No action
CFI_CMD_NULL

1
Shutdown
CFI_IMG_PWR OFF

CFI_FLT_MOVE CLEAR

CFI_HTR_MODE OFF

2
Heater Power Off
CFI_HTR_MODE OFF

3
Cover HOPS Off
CFI_COV_DEPLOY HOP1/1 OFF

CFI_COV_DEPLOY HOP1/2 OFF

CFI_COV_DEPLOY HOP2/1 OFF

CFI_COV_DEPLOY HOP2/2 OFF

4
Mirror Power Off
CFI_PWR_PRI CM OFF

5
Imager Power Off
CFI_IMG_PWR OFF

6
Filter Power Off
CFI_PWR_PRI FW OFF

7
Stop Macro Processing
CRS_MON_CNTRL DISABLE

CRS_MEM_RUN kill all macros

8 – 63
Reserved


64 – 255
Reserved for mission operations


5.2 Commands


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

5.2.1 CFI_CHE_PEEK – Read CHEAP Hardware


Read a 16-bit data value from the CHEAP hardware and telemeter the result.  Note: only one peek or poke can be commanded per second.

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

Board
8
66 = DSAD (FPGA)

67 = Dosimeter (xRIO)

36 = Dust (TRIO)
Board’s I2C address

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.2 CFI_CHE_POKE – Write CHEAP Hardware


Write an 8-bit data value to the CHEAP hardware.  Note: only one peek or poke can be commanded per second.

Name
Length

(bits)
Value
Description

Opcode
16
0x0130


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Board
8
66 = DSAD (FPGA)

67 = Dosimeter (xRIO)

36 = Dust (TRIO)
Board’s I2C address

Address
8
Unsigned integer
Register address within board

Data
8
Unsigned integer
Data to write

Pad
8
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.3 CFI_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 actuator power is removed automatically by the DPU software once the cover is open.  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 CFI_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 CFI_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 CFI_COV_DEPLOY).

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 = Disable

1 = Enable
Deployment enable/disable

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.5 CFI_DOS_DATA – Collect Dosimeter Data for Downlink


Collect dosimeter data and downlink it.

Name
Length

(bits)
Value
Description

Opcode
16
0x12e


Macro?
1
0 = Execute

1 = Append to macro
Macro load bit

Length
15
3
Command length in 32-bit words

Spare
32



Checksum
32

32 bit XOR

5.2.6 CFI_DUS_DATA – Collect Dust Shield Data for Downlink


Collect dust shield data and downlink it.

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

Spare
32



Checksum
32

32 bit XOR

5.2.7 CFI_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
0x0105


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

5.2.8 CFI_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
0x0106


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

5.2.9 CFI_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
0x012d


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

5.2.10 CFI_HTR_MODE – Set Heater Control Mode


Select heater off, on, or controlled by software.

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

2 = Software control
Control mode

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.11 CFI_HTR_SENSOR – Select Heater Control Sensor


Select the temperature sensor used to control the heater.

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

Sensor
8
0 = CCD plate temp. #1

1 = CCD plate temp. #2

2 = Radiator temp. #1

3 = Radiator temp. #2
Temperature sensor

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.12 CFI_HTR_TMP – Set Heater Temperature


Set temperature goal of the heater.  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)

Pad
8
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.13 CFI_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
0x010f


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

5.2.14 CFI_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
0x0111


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

5.2.15 CFI_IMG_EXP – Set Image Exposure Time


Set image exposure time.  An exposure time set at time t effects the exposure taken at t+1.  The exposure time is specified in two pieces.  The first argument how long to expose in the first second; this can range from 2.048 ms to 958.464 ms.  The second argument specifies additional whole seconds of exposure.  Note: If the commanded exposure time is greater than the commanded collection interval (see CFI_IMG_IMAGE), the exposure time is reduced to match the collection interval.

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

Time
16
1 – 468
Exposure time in 2.048 ms units

Seconds
16
0 – 127
Additional exposure time in seconds

Checksum
32

32 bit XOR

5.2.16 CFI_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
0x0114


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 window

2 = 256 x 256 window

3 = 128 x 128 window

4 = 512 x 512 rebin

5 = 256 x 256 rebin
Image format

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.17 CFI_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 CFI_IMG_IMAGE is issued, the new command supersedes the old command.

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

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

5.2.18 CFI_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
0x0118


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

5.2.19 CFI_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
0x011b


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

5.2.20 CFI_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

5.2.21 CFI_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

5.2.22 CFI_MIR_MOVE – Move Cube Mirror


Move cube mirror to use the indicated side.  Note: the CM motor primary power must be turned on for the cube mirror to move.

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

Side
8
0 – 3
Mirror side

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.23 CFI_MIR_PWR – Control Mirror Power


Turn cube mirror resolver power off or on.  Note: the CM motor primary power must be turned on for the cube mirror resolver to operate.

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
0 = Off

1 = On
Mirror power off/on

Pad
24
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.24 CFI_MIR_STEP – Step Cube Mirror


Move cube mirror the indicated number of resolver counts.  Note: the CM motor primary power must be turned on for the cube mirror to move.

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

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

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.25 CFI_PWR_PRI – Control Primary Power


Turn primary power off or on to a selected subsystem.

Name
Length

(bits)
Value
Description

Opcode
16
0x012b


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 = CM Motor

2 = FW Motor

255 = All
Power board

Pad
16
0
Pad up to 32-bit boundary

Checksum
32

32 bit XOR

5.2.26 CFI_SAD_EXP – Set DSAD Image Exposure Time


Set DSAD image exposure time.

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
8
1 – 255
Exposure time (36+8(n-1) seconds)

DSAD
8
0 = Pinhole

1 = Lensed

255 = Both
DSAD

Spare
16



Checksum
32

32 bit XOR

5.2.27 CFI_SAD_IMAGE – Collect DSAD Data for Downlink


Take a DSAD image, collect data, and downlink it.  Summary data is collected from the indicated DSAD and telemetered.  If requested, the associated raw image is also sent.

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

Spare
32



DSAD
8
0 = Pinhole

1 = Lensed
DSAD

Image
8
0 = No image

1 = Image
Send image too?

Spare
16



Checksum
32

32 bit XOR

6. Support Processing

6.1 1553 Bus Management


CFI 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.  CFI handles only the messages described in Reference 3.

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 2 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 17.  Monitored Data

Source
Class
Alarm Ids

Low / High
Macro Ids

Low / High

CCD heater current
N
128
192
0
2

DPU current
S
129
193
1
1

DPU voltage
S
130
194
1
1

Imager converter current
S
131
195
5
5

HOP actuator #1 heater #1 current
N
132
196
0
3

HOP actuator #1 heater #2 current
N
133
197
0
3

Imager current
S
134
198
5
5

HOP actuator #2 heater #1 current
N
135
199
0
3

Imager voltage
S
136
200
5
5

HOP actuator #2 heater #2 current
N
137
201
0
3

FW motor primary current
N
138
202
0
6

FW motor current
N
139
203
0
6

FW motor converter current
N
140
204
0
6

FW 15V current
N
141
205
0
6

FW 15V voltage
S
142
206
6
6

CM motor primary current
N
143
207
0
4

CM motor current
N
144
208
0
4

CM motor converter current
N
145
209
0
4

CM 15V current
N
146
210
0
4

CM 15V voltage
S
147
211
4
4

CCD plate temperature #1
N
148
212
0
2

CCD plate temperature #2
N
149
213
0
2

Top bracket temperature
N
150
214
0
0

Bottom bracket temperature
N
151
215
0
0

M1/M2 tube base temperature
N
152
216
0
0

Bench fold cube temperature
N
153
217
0
0

Filter motor temperature
N
154
218
0
0

Cube motor temperature
N
155
219
0
0

Telescope tube bottom temperature
N
156
220
0
0

Telescope tube top temperature
N
157
221
0
0

Radiator temperature #2
N
158
222
0
2

Radiator temperature #1
N
159
223
0
2

Cover temperature #2
N
160
224
0
0

Cover temperature #1
N
161
225
0
0

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.

7. DPU Boot ROM Program


The DPU boot ROM program operates as described in Reference 3.

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 18.  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
68
Number of data bytes in subpacket

Ana DPU/1
2 * 8
Unsigned integer
CCD 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 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

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

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

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

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

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

Temp 0
2 * 8
Unsigned integer
CCD plate temperature #1

Temp 1
2 * 8
Unsigned integer
CCD plate temperature #2

Temp 2
2 * 8
Unsigned integer
Top bracket temperature

Temp 3
2 * 8
Unsigned integer
Bottom bracket temperature

Temp 4
2 * 8
Unsigned integer
M1/M2 tube base temperature

Temp 5
2 * 8
Unsigned integer
Bench fold cube temperature

Temp 6
2 * 8
Unsigned integer
Filter motor temperature

Temp 7
2 * 8
Unsigned integer
Cube motor temperature

Temp 8
2 * 8
Unsigned integer
Telescope tube bottom temperature

Temp 9
2 * 8
Unsigned integer
Telescope tube top temperature

Temp 10
2 * 8
Unsigned integer
Radiator temperature #2

Temp 11
2 * 8
Unsigned integer
Radiator temperature #1

Temp 12
2 * 8
Unsigned integer
Cover temperature #2

Temp 13
2 * 8
Unsigned integer
Cover temperature #1

Table 19.  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
56
Number of data bytes in subpacket

HOP On
16
Unsigned integer
HOP on time (seconds)

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)

CM Power
16
Unsigned integer
CM motor power level

CM Mult
16
Signed integer
CM motor steps per resolver counts

CM Div
16
Unsigned integer


CM Pos
4 * 16
Unsigned integer
CM positions (resolver counts)

CM Dir
16
0xffff = Increasing

0 = Decreasing
CM preferred direction of resolver counts

CM Divide
16
Unsigned integer
CM control I2C rate divider

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

Spare
4 * 16



Appendix 2 - Alarm & Result Codes

Table 20.  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 21.  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 3 - Acronyms

Table 22.  Acronyms

Acronym
Definition

BC
Bus Controller

CCD
Charge-Coupled Device

CCSDS
Consultative Committee for Space Data Systems

C&DH
Command & Data Handling

CFI
CONTOUR Forward Imager

CHEAP
CONTOUR Hardware Experimental Acquisition Package

CM
Cube Mirror

CONTOUR
COmet Nucleus TOUR

CRISP
CONTOUR Remote Imager/Spectrometer

DPU
Data Processing Unit

DSAD
Digital Solar Attitude Detector

EEPROM
Electrically Erasable Programmable ROM

FPGA
Field-Programmable Gate Array

FPU
Focal Plane Unit

FW
Filter Wheel

HOP
High Output Paraffin

I2C
Inter-Integrated Circuit

MET
Mission Elapsed Time

RAM
Random Access Memory

RIO
Remote I/O

ROM
Read Only Memory

RT
Remote Terminal

S/C
Spacecraft

TBD
To Be Determined

TRIO
Temperature RIO

XOR
eXclusive OR












































































































































































