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1. Introduction


The High Energy Neutral Atom (HENA) experiment is a part of the Imager for Magnetopause-to-Aurora Global Explorer (IMAGE) spacecraft.  The experiment constructs images of the earth’s magnetosphere using energetic neutral atoms.  The experiment has two sensors, one emphasizing high-spatial resolution and the other emphasizing high energy resolution.


This document describes the functions of the HENA software, including data processing, telemetry formats, and command handling.

2. Spin Environment


The IMAGE spacecraft spins about its Z axis.  The spin is positive: looking into the Z axis, the spacecraft will rotate counter-clockwise.  The nominal spin period is two minutes.


The spacecraft’s CIDP sends 3600 evenly spaced synchronization (SYNC) pulses to HENA every spin, one SYNC pulse every 0.1˚.  A special double SYNC pulse signals nadir, which defines the beginning of a new spin.  The nadir pulse occurs when the plane defined by the spacecraft +X axis and +/-Z axis points at the center of the earth.  The HENA sensor will point at nadir 225˚ later.


A triple SYNC pulse is used to indicate sun position.  This pulse occurs when the plane defined by the S/C +X axis and +/-Z axis encounters the center of the sun.  The HENA sensor will see the sun 225˚ later.  If the nadir and solar position are coincident, the nadir double SYNC pulse occurs, followed by the solar triple SYNC pulse one SYNC later.  A sun pulse occurs every spin, even when the sun is eclipsed.  Note:  if the S/C spin axis is less than 30˚ off the sun, the sun never enters the HENA field of view, despite the sun pulse indication.


The HENA instrument divides the spin into 120 sectors.  At the nominal spin rate, a sector is 1 second and covers three degrees.  Sector zero and the new spin starts at nadir.  HENA data products are labeled with the spin and sector that began their integration.

3. Sensor Architecture


The HENA sensor can be divided into a micro-channel plate (MCP) half and a solid-state detector (SSD) half.  The overall HENA sensor consists of start, stop, coincidence, and solid-state detectors.  The start, stop, and coincidence detectors make up the MCP sensor (HENA-M).  The start, coincidence, and solid-state detector make up the solid-state sensor (HENA-S).  A particle’s trajectory determines whether it hits the stop detector or the solid-state detector, and thus whether it is processed by HENA-M or HENA-S.  The two HENA sensors are complementary.  HENA-S produces a more reliable energy determination than HENA-M, but HENA-M has higher spatial resolution.  The two sensors also provide some fault-tolerance via the redundancy.

Figure 1. HENA Instrument

[image: image1.wmf]

The HENA-M sensor measures the trajectory and velocity of energetic particles.  During nominal operations, alternate collimator plates are charged to high positive and negative voltages; the collimators sweep up ions and electrons entering the sensor. Neutral atoms pass by the collimators through a slit.  First, the particle hits a foil, dislodging secondary electrons.  The electrons are accelerated towards the start detector.  The start detector has one dimensional imaging and consists of an MCP and anode.  Meanwhile, the particle continues on towards the stop detector.  The stop detector images in two dimensions and consists of an MCP and anode. In front of the stop detector is another foil.  The particle dislodges electrons from this foil too.  Some electrons are accelerated towards the stop MCP.  Backscattered electrons are accelerated to the coincidence MCP.  The start and stop detectors measure particle position and velocity.  The coincidence detector helps confirm particle validity.


The HENA-S sensor measures the trajectory, energy, and velocity of energetic particles.  The sensor shares the collimators and the start detector with HENA-M.  When the particle hits the solid-state detector, electrons are backscattered and picked up by the coincidence MCP.  The solid-state detector measures particle energy, and with the start detector, measures position.  The coincidence detector acts as a stop detector in HENA-S, and with the start detector, measures velocity.


In front of the slit is the shutter, which is normally open.  The shutter can be commanded closed.  When closed, the slit is replaced by a small square opening and two radioactive calibration sources are placed over the entrance slit.


The HENA boresight vector is defined as the vector normal to the stop detector passing through the center of the slit.  The HENA coordinate system is defined by the boresight vector:  the vector is at zero degrees azimuth and has zero degrees elevation.  The HENA boresight vector is located 135˚ from the spacecraft (S/C) +X axis rotated about the +Z (spin) axis.  A two dimensional coordinate system is defined for talking about the HENA detectors; see the sensor figure above for the relationship between the spacecraft coordinate system, the HENA sensor, and the HENA coordinate system.  All subsequent coordinate system usage refers to HENA coordinates unless spacecraft coordinates are explicitly used.  The HENA-M and HENA-S sensors have contiguous 45˚ by 120˚ fields of view.  The combined HENA sensor’s field of view is 90˚ in the S/C X-Y plane and 120˚ along the S/C Z axis centered on the boresight vector (again, see figure).


The start detector measures where along the slit the particle entered the sensor.  When electrons hit the start detector, the MCP multiplies the electrons a million-fold.  The electrons spread out into a small area before falling on the anode.  The anode consists of a pair of interdigitated wedges. If the electrons fall on the tip of a wedge, a small pulse is generated; if the electrons fall nearer the base of a wedge, a larger pulse is generated.  The wedges are oriented such that the larger the pulse on the bottom wedge, the farther the particle was along the X axis (yes, the bottom is above the top).  In other words, the X axis position is proportional to Wfb/(Wft + Wfb).

Figure 2. Start (or Front) Detector

[image: image2.wmf]

The start detector also roughly measures the energy of the particle.  The more energetic the particle, the more electrons are knocked off the front foil and the more electrons reach the anode.  The sum of the wedges’ pulses are proportional to the energy of the particle.  Because the number of electrons generated are described by Poisson statistics, and the numbers are small, this measure of energy is imprecise.


The stop detector measures where the particle hits in two dimensions.  A two-dimensional MCP magnifies the electrons so that a cloud of electrons hits the anode.  The anode consists of wedges and strips.  The strips are successively larger across the anode.  The larger the strip pulse (Sb), the farther the particle was along the X axis.  The larger the wedge pulse (Wb), the farther the particle was along the Y axis.  Electrons that hit neither wedge nor strip contribute to an interstitial pulse (Ib).  The X axis position is proportional to Sb/(Wb + Sb + Ib) and the Y axis position is proportional to Wb/(Wb + Sb + Ib).  The energy of the particle can also be determined from the sum of the pulses.

Figure 3. Stop (or Back) Detector

[image: image3.wmf]

The SSD detector is mounted in 2 different planes (see HENA schematic, above).  It consists of 4 physical wafers, each pixelated into 60 pixels and arranged such that there are 24 pixels in the dimension that defines elevation (X), and 10 pixels in the dimension which defines the azimuth (Y).  The SSD detector produces an analog energy pulse and an 8 bit digital pixel ID for each event.  These are routed to the HENA event logic boards, where the data are combined with inputs from the Start and Coincidence MCPs and checked for validity.  The energy pulse is then digitized and passed along with the pixel ID to the DPU, where the pixel ID is converted to a backplane position for use in computing the particle trajectory, and the energy is combined with the TOF to compute the particle mass.

Figure 4. SSD Detector

[image: image4.wmf]

In addition to generating individual events, the SSD detector accumulates a 16-bin energy spectrum for each of the 240 pixels in 16 bit deep bins.  This data can be treated as 16 images, each image representing a different energy.  The images can be optionally read by the DPU.  Reading the images clears them.

4. Data Processing

4.1 Algorithms


Before presenting an event to the DPU, the analog electronics decides if it is valid.  Many things can produce pulses from the front, back, and coincidence detectors other than an actual particle.  The valid event logic can be commanded to require different combinations of pulses before allowing an event to go through to the DPU for processing.  The various pulses are counted and downlinked even if no valid event results.


Each valid event presented to the DPU is identified as coming from the HENA-M or HENA-S sensor.  HENA-M events consist of an ID, time of flight (MTOF), Wft, Wfb, Wb, Sb, and Ib.  HENA-S events consist of time of flight (STOF), Wft, Wfb, pixel ID (PID), and energy (E).

Figure 5. Sensor Geometry

[image: image5.wmf]
4.1.1 HENA-M


Since the length along the slit where a HENA-M particle passed and the position on the back MCP detector where the particle hit are known, the particle’s trajectory can be computed.  The trajectory can be expressed as azimuth and elevation with respect to the sensor and can be computed with simple trigonometry.  Removing spacecraft spin from the azimuth produces azimuth relative to the sun.


The sensor also measures the particle’s time of flight (MTOF) by timing the arrival interval of the front and back detectors’ pulses.  Since the path length of the particle can be found from the trajectory, the particle’s velocity can be found.  Instead of velocity, the equivalent corrected TOF (CTOF) is calculated by scaling MTOF by the path length.


The event data is massaged slightly before being used in the event processing algorithm.  All the raw values have an offset removed; the offsets for Wft, Wfb, Wb, Sb, and Ib are done by the hardware and MTOF is offset by the software.  Then all negative values are clipped to zero.  The Ib value is multiplied by 2 to restore it to the range of the other values.  All the resulting values range from {0 .. 8191}, except for MTOF which has the range {0 .. 511}.

4.1.1.1 Pulse Analysis


The following figure shows the computation of the particle’s path through the sensor, the computation of the particle’s energy (i.e. pulse heights), and the correction of the time-of-flight for path length.  The front position, Xf, is computed from Wfb/(Wft + Wfb).  The parameters Gf and Of scale the position to the range {-0.5 .. 0.5} and multiplying by Df, the length of the slit, maps the position into centimeters.  The two rear positions, Xb and Yb, are computed from Sb/(Wb + Sb + Ib) and from Wb/(Wb + Sb + Ib).  These idealized equations are modified via tables to correct sign errors, remove crosstalk coupled from the interstitial to the wedge and strip, etc.  The parameters Gxb and Oxb scale the X position to the range {-0.5 .. 0.5} and multiplying by Db, the width of the back detector, maps the position into centimeters.  Similarly, the parameters Gyb and Oyb and the width Db are used to scale the Y position into centimeters.  The difference dX = Xf - Xb is more important in computing the trajectory than is the actual positions, Xf and Xb.

Figure 6. HENA-M Pulse Analysis - Mathematical View
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The energy of the particle is measured at the front and back detectors.  The individual energies are computed by summing the values from their respective detectors. Since the gain of a detector varies across its surface, a lookup table (LUT) is used to supply a correction factor.  The particle's position on the detector is computed as above, and used as an index into the LUT; the raw energy value is multiplied by the correction factor.


MTOF is corrected for the distance that the particle actually traveled.  From the trajectory, dX and Yb, and the space d between the slit and the back detector, the distance can be computed as sqrt(d(Yb)2 + dX2 + Yb2).  For HENA-M, d(Yb) is a constant, dmin.  MTOF is scaled by dmin/distance; the corrected TOF (CTOF) will be as if the particle traveled the shortest distance from the slit to the detector, dmin.  The CTOF for a particle normal to the stop detector will be unchanged.


The figure and equations above represent an idealized mathematical view.  The DPU must deal with the limitations of computer arithmetic and uses the equations in the figure below.  The trajectory results are small unsigned integers.  The equations at the lower right show how to find the DPU’s trajectory parameters; these can be uploaded to calibrate the detector calculations.  The TOF correction factor is computed via table lookup.  The inputs to the LUTs show small numbers; these are the number of most-significant bits from the inputs to the table used to construct indices into the table.

Figure 7. HENA-M Pulse Analysis - Computer Arithmetic View

[image: image7.wmf]
4.1.1.2 Event Classification


Events are classified into hydrogen (H) or oxygen (O).  If

CTOF < A – B*ln(PHb)

the event is an H; otherwise, it is an O.  Both A and B are uploadable parameters.  For H events, CTOF is classified into one of ten ranges.  CTOF is compared against a sequence of increasing thresholds:

T0<T1<T2<T3<T4<T5<T6<T7<T8<T9
CTOF will be encoded as:

0 where CTOF <T1; i where Ti <= CTOF <Ti+1; 9 where T9 <=CTOF

Note that T0 is not used; it is implicitly zero.  The thresholds are uploadable parameters.  For O events, CTOF is classified as above, but into only one of eight ranges.  A separate set of uploadable thresholds are used.

4.1.1.3 Azimuth and Elevation Calculation


Azimuth and elevation is computed relative to the HENA boresight vector using trigonometry as follows:


Azimuth = tan-1(Yb/d)

Elevation = tan-1(dX/sqrt(Yb2 + d2))

From the current position within the spin, the azimuth is offset to be with respect to the sun.

4.1.2 HENA-S


Since the length along the slit where a HENA-S particle passed and the position on the SSD detector where the particle hit are known, the particle’s trajectory can be computed.  The trajectory can be expressed as azimuth and elevation with respect to the sensor and can be computed with simple trigonometry.  Removing spacecraft spin from the azimuth produces azimuth relative to the sun.


The sensor also measures the particle’s time of flight (TOF) by timing the arrival interval of the front and coincidence detectors’ pulses.  Since the path length of the particle can be found from the trajectory, the particle’s velocity can be found.  Instead of velocity, the equivalent corrected TOF (CTOF) is calculated by scaling STOF by the path length.


The event data is massaged slightly before being used in the event processing algorithm.  All the raw values have an offset removed; the offsets for Wft and Wfb are done by the hardware and STOF is offset by the software.  Then all negative values are clipped to zero.  All the resulting values range from {0 .. 8191}, except for STOF which has the range {0 .. 511}.

4.1.2.1 Pulse Analysis


The following figure shows the computation of the particle’s path through the sensor, the computation of the particle’s energy, and the correction of the time-of-flight for path length.  The front position, Xf, is computed from Wfb/(Wft + Wfb).  The parameters Gf and Of scale the position to the range {-0.5 .. 0.5} and multiplying by Df, the length of the slit, maps the position into centimeters.  The two rear positions, Xb and Yb, are computed from the SSD pixel Id via a lookup table.  The lookup tables return the X and Y positions in centimeters.  The difference dX = Xf - Xb is more important in computing the trajectory than is the actual positions, Xf and Xb.

Figure 8. HENA-S Pulse Analysis - Mathematical View

[image: image8.wmf]

The time-of-flight (TOF) used in this process is derived from the start detector timing pulse and the coincidence detector pulse.  Whereas the coincidence detector is used simply as a validity check for HENA-M events, its pulse is used to generate a stop pulse for a timing circuit in the case of HENA-S events.  The electron optics are optimized to provide accurate timing for events which strike the SSD.  There is a systematic delay in the stop timing pulse for the SSD, which depends on the SSD pixel location in the azimuth direction.  This dependence is negligible for the angled SSD pixels (see schematic), but not negligible for the horizontal SSD pixels (located adjacent to the backplane MCP).  This dependency will be corrected in the DPU, by combining the SSD TOF and pixel (Yb) location data.  The TOF is also corrected for the distance that the particle actually traveled.  From the trajectory, dX and Yb, and the space d between the slit and the rear detector, the distance can be computed as sqrt(d(Yb)2 + dX2 + Yb2).  STOF is scaled by dmin/distance.  The corrected TOF (CTOF) for a particle normal to the stop detector will be unchanged.


The SSD produces a pulse that is directly proportional to energy (E).  This is sent straight through the pulse analysis subsystem.


Similarly to HENA-M, the HENA-S computations must  deal with the limitations of computer arithmetic and use the equations below.

Figure 9. HENA-S Pulse Analysis - Computer Arithmetic View
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4.1.2.2 Event Classification


Events are classified into eight ranges of CTOF.  CTOF is compared against a sequence of increasing thresholds:

T0<T1<T2<T3<T4<T5<T6<T7
CTOF will be encoded as:

0 where CTOF <T1; i where Ti <= CTOF <Ti+1; 7 where T7 <=CTOF

Note that T0 is not used; it is implicitly zero.  The thresholds are uploadable parameters.


The corrected TOF is also combined with the energy to compute the particle mass and species.  First, the mass is computed:

mass  = B1 + B2*ln(E) + B3*ln(T) + B4*ln(T)*ln(E) + B5*ln(E)2 + B6*ln(T)3
where B1 - B6 are uploadable parameters.  Then the mass is classified into one of four ranges via four threshold values:

T0<T1<T2<T3
H, He, CNO, or “bad” species will be encoded as 0 - 3 as follows:

3 where mass <T0; i where Ti <= mass <Ti+1; 3 where T3 <=mass

The thresholds are uploadable parameters.

4.1.2.3 Azimuth and Elevation Calculation


Azimuth and elevation are computed as for HENA-M.

4.2 Data Products


HENA produces accumulator (singles) data, pulse-height analysis (PHA) results for each sensor, and images for each sensor.  Each data product is collected or integrated over a specified period, then downlinked.  The integration times are shown in the following table.

Data
Integration Time

Accumulators
2 sectors

HENA-M PHA
2 sectors

HENA-S PHA
2 sectors

HENA-M TOF images
1 spin

HENA-S m-TOF images
1 spin

HENA-S energy images
1 spin


The following figure summarizes event processing for HENA-M and HENA-S.  Any input or result that is used in the downlinked data is listed with its range and destination data products.

Figure 10. Event Processing Summary

[image: image10.wmf]
4.2.1 Units


If image motion compensation is disabled, the azimuth and elevation of events recorded in individual PHA results or accumulated into images use the sensor-based coordinate system shown below.  The coordinate system covers the field of view of the entire HENA sensor, 90˚ in azimuth and 120˚ in elevation.  Azimuth ranges from -45˚ to +45˚ and is represented as 0 to 30 giving a 3˚ resolution.  Elevation ranges from -60˚ to +60˚ and is represented as 0 to 40 also giving a 3˚ resolution.  Any event outside this field of view is reported as having an elevation of 60˚.

Figure 11. Sensor-based Coordinate System

[image: image11.wmf]

Ordinarily, image motion compensation is enabled and the spacecraft spin is removed from the azimuth of PHA results and images.  The resulting spin-based coordinate system covers the entire spin of 360˚.  Azimuth ranges from 0˚ to 360˚ and is represented as 0 to 120.  Elevation range is as for the sensor-based coordinate system.  The origin of this coordinate system for HENA-M PHA results and images (0˚) is defined when the sun is in the center of the HENA-M field of view.  Similarly, the origin of this coordinate system for HENA-S is defined when the sun is in the center of the HENA-S field of view.

Figure 12. Spin-based Coordinate System

[image: image12.wmf]
4.2.2 Accumulators


In addition to the hardware that presents valid events to the DPU, there is hardware that counts the various pulses that are generated in the detectors.  Because of false triggers and noise, these accumulators count many more pulses than are genuine events.  There are sixteen accumulators, each 24 bits long.

Accumulator
Notes

Start_Fast
Basic rate

Start_Shaped
Basic rate

Start_Coinc


Stop_Fast
Basic rate

Stop_Shaped
Basic rate

Stop_Coinc


MCP_TOF
Basic rate

Coinc
Basic rate

Energy_Rate
Basic rate

TOF_MCP -> SSD_Pileup
SSD_Pileup (generated in software)

TOF_SSD
not meaningful

Full_MCP


Full_SSD


Valid_Rate -> Reject_Event
Reject_Event (generated in software)

Xfer_Event
Processed by DPU

SSD_TOF
Basic rate


Every two sectors the accumulators are read and downlinked.  Reading the accumulators clears them so that they can count pulses in the new interval.  Since the counters are not double buffered, an insignificant dead time occurs during the read.

4.2.3 HENA-M PHA Results


Individual particles from the HENA-M sensor are summarized in the HENA-M pulse height analysis (PHA) data.  The computed azimuth and elevation of the particle’s trajectory is included.  The PHA results also have the most-significant bits of the corrected time-of-flight.  The most significant bits of the pulse height computed from the front and back MCP are also included.

· Azimuth
7 bits

· Elevation
6 bits

· CTOF
9 bits

· PH front
5 bits

· PH back
5 bits


Each HENA-M event can be placed in one of five TOF categories:

· very fast ([ctof]=0-1)

· fast ([ctof]=2-3)

· medium ([ctof]=4-5)

· slow ([ctof]=6-7)

· very slow ([ctof]=8-9)


HENA-M PHA data is collected in either FIFO, normal, or priority mode.  In FIFO mode, all events are collected first come, first served.  In normal mode, the DPU collects events evenly distributed between the TOF categories.  In priority mode, a single TOF category, selected by ground command, is collected exclusively.  HENA-M PHA results are accumulated over two sectors.  How many are actually accumulated depends on available downlink bandwidth.


If raw data collection is enabled, each HENA-M PHA result also includes the relevant raw data for the event:

· Event ID
14 bits

· MTOF
14 bits

· Wft
14 bits

· Wfb
14 bits

· Wb
14 bits

· Sb
14 bits

· Ib
14 bits

4.2.4 HENA-S PHA Results


Individual particles from the HENA-S sensor are summarized in the HENA-S pulse height analysis (PHA) data.  The computed azimuth and elevation of the particle’s trajectory is included.  The PHA results also have the most-significant bits of the corrected time-of-flight.  The most significant bits of the energy found from the SSD are also included.

· Azimuth
7 bits

· Elevation
6 bits

· CTOF
10 bits

· Energy
9 bits


Each HENA-S event can be placed in one of four mass categories and one of four TOF categories (i.e. one of sixteen total categories):

· H ([m]=0)

· He ([m]=1)

· CNO ([m]=2)

· “bad” ([m]=3)

and

· very fast ([ctof]=0-1)

· fast ([ctof]=2-3)

· medium ([ctof]=4-5)

· slow ([ctof]=6-7)


HENA-S PHA data is collected in either FIFO, normal, or priority mode.  In FIFO mode, all events are collected first come, first served.  In normal mode, the DPU collects events evenly distributed between the mass and TOF categories.  In priority mode, a single mass/TOF category, selected by ground command, is collected exclusively.  HENA-S PHA results are accumulated over two sectors.  How many are actually accumulated depends on available downlink bandwidth.


If raw data collection is enabled, each HENA-S PHA result also includes the mass category and the relevant raw data for the event:

· [m]
2 bits

· Event ID
14 bits

· STOF
14 bits

· Wft
14 bits

· Wfb
14 bits

· E
14 bits

· PID
14 bits

4.2.5 HENA-M TOF Images


The mass classification and TOF classification of a HENA-M event are used to select an image to accumulate the event.  For hydrogen events with a low time-of-flight, a high spatial resolution hydrogen image is used.  For hydrogen events with a high time-of-flight, a low spatial resolution hydrogen image is used.  Otherwise, a low spatial resolution oxygen image is used.  Image integration always begins when the sun is in the center of the HENA-M field of view and lasts for one spin.

Figure 13. TOF Images (360° x 120°), H 10 Time-of-Flights, O 8 Time-of-Flights

[image: image13.wmf]
4.2.6 HENA-S M-TOF Images


The TOF and mass classifications of a HENA-S event are used to select an image to accumulate the event.  For each of 8 time-of-flights, there are 3 mass categories for a total of 24 images.  Image integration always begins when the sun is in the center of the HENA-S field of view and lasts for one spin.  Note: starting HENA-M and HENA-S image integrations 45˚ apart removes the 45˚ phase difference between the sensors.  In other words, each HENA-M and HENA-S image started in the same spin cover the same part of the sky.

Figure 14. M-TOF Images (360° x 120°), 8 Time-of-Flights x 3 Masses

[image: image14.wmf]
4.2.7 HENA-S Energy Images


Raw SSD energy “images” are accumulated directly in the detector.  In backup mode, these are read out every sector and integrated into full spin images.  Integration begins when the sun is in the center of the HENA-S field of view and lasts for one spin.

Figure 15. Energy Images (360˚ x 120˚), 16 Energies

[image: image15.wmf]
5. Support Processing

5.1 Power Management


The HENA instrument as a whole can be turned on and off by the CIDP.  The HENA DPU can control the power of some internal subsystems.  These are the decontamination heater (H_HTR_DEC_PWR), the survival heater (H_HTR_SURV_PWR), the wax actuator (H_SEN_ACT_PWR), the analog electronics (H_SEN_ANLG_PWR), the calibrators (H_SEN_CAL_PWR), the high voltages (H_SEN_HV_PWR and H_SSD_BIAS_PWR), and the SSD preamps (H_SSD_PRE_PWR).


HENA has five individual high voltages: start, stop and coincidence MCP voltages and plus and minus collimator voltages.  Before setting any high voltage (HV), the HVs must be turned on with H_SEN_HV_PWR.  HV level commands (H_SEN_HV_LEVEL) will be locked out until individual high voltages are enabled via H_SEN_HV_CNTRL.  Each HV has an upper limit; appropriate upper limits must be specified via the H_SEN_HV_LIMIT command before any levels are set.  If an individual HV is disabled its level will be set to zero immediately.  If the HV subsystem is turned off, all high voltages will have their levels set to zero and individual voltages disabled.


The levels of the HENA HVs are set via the H_SEN_HV_LEVEL commands.  HV level commands cause the indicated high voltage to ramp to its given goal level.  The ramp rate is a parameter.  If a new goal is set before the old goal is reached, the new goal is followed.  If an HV limit is set below the current goal, the goal is automatically dropped to the limit and the voltage is ramped to this new goal.  Exceptions are that the HENA collimator levels are always zero in ion mode and that the MCP levels may be reduced when the sun is in the field of view (see Sun and Earth Avoidance Modes below).


There are two HV safing inputs to the HENA DPU.  One input limits the maximum HV level that can be set.  The second input notifies the software that all HV operations should be disabled.  Any command that effects the HV subsystem will be rejected if this input is active.  Neither HV safing input will be active during flight.


The DPU monitors hardware that detects the breakdown of the HENA plus and minus collimator high voltages.  A breakdown alarm is sent each time a breakdown is detected.


In addition to the MCP and collimator HVs, there is an SSD bias HV.  The SSD bias is controlled similarly to the other HVs.  A goal and limit can be set via H_SSD_BIAS_LEVEL and H_SSD_BIAS_LIMIT and the actual voltage is ramped towards the goal by a rate parameter.

5.2 Calibration


HENA calibrators can inject data into the MCP and the SSD circuitry  The calibrators are normally powered off; to generate signals they must be enabled with the H_SEN_CAL_PWR command.  The calibrators can produce signals for the front and back MCPs (Wft, Wfb, Wb, Wb, and Ib); coincidence is derived from Wft in hardware.  An additional signal, time, simulates the time of flight.  The SSD calibrator can also produce a signal for the SSD.  The signal can be configured to go to any of the pixels via H_SSD_PIX_CAL.


Each of the above signals can be set manually with the H_SEN_CAL_SET command.  The DPU can also run a canned sequence of calibration settings via the H_SEN_CAL_SEQ command.  A calibration sequence applies new signal values every eight sectors.  The sequence has fifteen steps, and repeats every spin.


Calibration sequences are uploadable data structures (see below).  There are three sequences.

5.3 Shutter Motor Control


The shutter is controlled by a stepping motor.  Stepping the motor in the clockwise (CW) direction opens the shutter; stepping the motor in the counter-clockwise (CCW) direction closes the shutter.  A single step moves the motor and the shutter by 1.8˚.  A parameter determines the number of steps needed to fully open or close the shutter, but should correspond to approximately 130˚.  Other parameters control the motor step rate and power level.

5.4 Memory


The HENA DPU has a number of memory resources that are visible to the user.  The next section documents the layout of the memory and the commands that are used to modify or examine it.  There are several data structures that the user can access to modify the operations of the instrument.  These are described in subsequent sections.

5.4.1 Layout


The HENA DPU has both volatile RAM and non-volatile EEPROM memory.  These memories, along with some memory-mapped I/O, appear within the DPU’s bank-switched memory map as shown below.  There are sixteen 64 kbyte pages in four address spaces.  Most of the pages are replicated across the address spaces; the exceptions are the sixteen RAM pages in pages 4-7.

Page
Space 0
Space 1
Space 2
Space 3

0
RAM / PROM (16 kbytes)

1
RAM

2
RAM

3
RAM

4
RAM
RAM
RAM
RAM

5
RAM
RAM
RAM
RAM

6
RAM
RAM
RAM
RAM

7
RAM
RAM
RAM
RAM

8
EEPROM

9
EEPROM

10
EEPROM

11
EEPROM

12
ANA boards

13
SPC Actels

14
SSD Actel

15
SSD Actel


Memory can be accessed, with the H_MEM_DAT_CHECK, H_MEM_DAT_COPY, H_MEM_DAT_LOAD, H_MEM_DAT_READ, and H_MEM_DAT_WRITE commands.  By default, DPU memory cannot be modified by ground command.  An H_MEM_DAT_WRITE command must be issued to identify a region of memory that can be modified before an upload or memory copy command can be used.  The H_MEM_DAT_WRITE command must specify an address space, a page number, and lower and upper addresses within the page.  Writes can be disabled by issuing a H_MEM_DAT_WRITE command with an invalid address space specified. 


Memory can be loaded using H_MEM_DAT_LOAD.  A load consists of a sequence of H_MEM_DAT_LOAD commands.  The entire destination area must be enabled via H_MEM_DAT_WRITE.  A load can also come from the CIDP in an almost identical format.


Memory may be copied with the H_MEM_DAT_COPY command.  The command specifies address space, page, and address for both the source and destination and the number of bytes to be copied.  Up to one page may be copied with a single H_MEM_DAT_COPY command.  The entire destination area must be enabled via H_MEM_DAT_WRITE.


A block of memory can be examined either with H_MEM_DAT_CHECK or H_MEM_DAT_READ.  The check command computes the checksum of the identified region and returns a memory checksum package with the result.  The checksum is computed by taking the exclusive-or of every byte in the identified region.  The read command produces memory dump packages for the identified region.


All of the memory access commands specify one or more memory ids; a memory id consists of an address space number and a page number.  Similarly, memory dump and checksum packages use the same memory id format.

7
6
5
4
3
2
1
0

spare
spare
address space
page

5.4.2 Data Structures


Several data structures that effect HENA operation can be modified or downlinked by command.  Default values for the data structures are stored in non-volatile EEPROM with the HENA flight software.  On boot, these defaults are copied into RAM for use by the software.  The RAM versions can be modified either with H_MEM_STR_LOAD commands or with data structure specific commands.  The default data structures can be changed by uploading the entire program into EEPROM with the H_MEM_DAT_LOAD command.  The RAM copy of the data structures can all be downlinked with the H_MEM_STR_READ command.


Configuration data describes the state of the HENA instrument.  After boot, the configuration of HENA can be changed via standard HENA commands.  Configuration data is downlinked regularly as part of the status data.  The actual content of the configuration data is defined in the housekeeping telemetry section.


Other data structures include parameters (for algorithms), calibration sequences, monitor limits, and the SSD bad pixel map.  These data structures can be changed via the H_MEM_STR_LOAD command.  Since the data structures are not expected to be changed frequently, they are not downlinked unless requested via the H_MEM_STR_READ command.


A large block of parameters are used to control the SSD.  On startup, the default SSD parameters are loaded from non-volatile EEPROM memory (see above) into RAM and then into the SSD.  The H_SSD_PH_LEVEL, H_SSD_PIX_CAL, H_SSD_PIX_CNTRL, H_SSD_PIX_DIAG, and H_SSD_PIX_THRE commands modify the RAM copy of the SSD parameters, in addition to the appropriate SSD hardware.  The RAM copy of the SSD parameters can be downlinked via the H_MEM_STR_READ command.

Figure 16. Data Structures

[image: image16.wmf]
5.5 Modes


HENA data is collected in a variety of modes selected by ground command.  Most modes are simple; for example, the charge mode determines whether the collimators are charged.  More complex modes, that effect several aspects of the system are discussed in more depth here.

5.5.1 Shutter Operational Mode


The shutter can be operated in four different modes.  During manual operations the shutter motor and phase are controlled directly via H_SHUT_PWR and H_SHUT_MOVE commands.  During automatic operations the shutter may be opened and closed automatically as the sun or earth enters and leaves the HENA field of view (see Sun and Earth Avoidance Modes below).  In an open operation the shutter power is enabled, the shutter motor is rotated in the CW direction, and the shutter power is disabled.  In a close operation the shutter power is enabled, the shutter motor is rotated in the CCW direction, and the shutter power is disabled.  For both open and close operations the number of steps is determined by a parameter.

5.5.2 Sun and Earth Avoidance Modes


HENA can be configured to collect or reject data that arrives while the sun is in the field of view.  The shutter can be closed, the HV ramped down, or event collection suppressed for the duration of sun exposure.  Each of these operations can be individually enabled or disabled via the H_MOD_SUN command.  All of these could be disabled when the sun is near the spacecraft spin axis and therefore always outside the HENA field of view.  Any or all could be enabled when sunlight could enter the HENA sensor.  The time of the occurrence of the sun pulse in previous spins is used to predict when the sun will be in the sensor’s field of view in the current spin.  If shutter closure is enabled, a parameter determines the length of the closure centered on the center of the HENA field of view.  If HV ramp down is enabled, the MCP high voltages are reduced over the quarter of the spin (90˚) that the sun is in the field of view.  The voltages start ramping down before the sun comes into view; ramping the voltage back up starts immediately after the sun leaves the field of view.  The ramp down time is predicted from the current HV levels, the safe levels, and the step rate and will be started so that the ramping is complete at least one second before the sun enters the field of view.  If event rejection is enabled, no events are processed from the time that the voltages would start ramping down (whether or not the HV is actually ramped down) and resumed when the HV would be restored.


HENA can also be configured to collect or reject data that arrives while the earth is in the field of view.  Automatically closing the shutter can be enabled or disabled via the H_MOD_EARTH command.  The time of the occurrence of the nadir pulse is used to predict when the earth will be in the sensor’s field of view.  If shutter closure is enabled, a parameter determines the length of the closure centered on the center of the HENA field of view.

5.5.3 Data Collection Mode


Normally, events are collected from HENA-M and HENA-S and accumulated into images and saved as PHA results.  In backup mode, energy images are read directly from HENA-S and accumulated.  Backup mode allows for data products which are independent of event logic or measurements from the other HENA sensors.  When combined with closure of the HENA shutter (providing a pinhole aperture), neutral images binned in energy may be obtained.  Note: the shutter is not closed automatically.  In backup mode, transmission of HENA-M TOF images and PHA data and HENA-S m-TOF images and PHA data are automatically disabled.  Backup mode is selected by ground command.

5.6 Automatic Call of Spin-Synchronous Macros


A group of six macros are called automatically at various positions in the spin.  These macros are intended to be used to protect the sensor from the sun and the earth.  The timing of these macros is determined by the sun and nadir pulses and four parameters.  An earth start macro is run a parameterized number of sectors before the earth is in the center of the HENA field of view.  An earth end macro is run a parameterized number of sectors after the earth is in the center of the field of view.  Similarly, there are sun start and sun end macros with their own pair of parameters.  There are also a bright start and bright end pair of macros that are executed whenever the first bright object enters the field of view and the last bright object leaves the field of view.  When these macros are invoked automatically, commands from the macro, or from any macro they call, are not echoed.  However, if the macros are invoked in any other way, their commands are echoed.

5.7 Alarms and Monitoring


Alarms report problems found by the HENA software.  Each alarm is described by an ID, two values, and a flag.  The ID indicates the problem that has occurred and the accompanying values offers 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.


A collection of environmental data is monitored by the DPU.  There are 32 analogs including voltages, currents, and temperatures read and monitored from the DPU’s housekeeping A/D.  Some of the accumulators are monitored; the most-significant 8 bits of the 10-bit log-compressed value are watched.  Also, the HV breakdowns are monitored.  The monitoring is event driven: a monitor cycle is performed on each item as it becomes available.  For example, each DPU analog is monitored when it is read from the A/D.


Each monitored item has a lower and upper limit.  If an item is out of limits one cycle, but back within limits on the subsequent cycle, a transient alarm is reported.  The alarm ID indicates the item being monitored and whether the value was too low or too high.  The value accompanying the alarm is the out of limits data. If an item is either too high or two low for two consecutive monitoring cycles, a persistent alarm is reported. Again, the ID indicates the item being monitored, etc.  The value accompanying the alarm is the second out-of-limits data value.  If enabled via the H_MON_CNTRL command, the DPU will also act to eliminate the problem; a high or low response macro designated for the alarm is run.


If the item is out of limits for more than two cycles, indicating that the first response failed to eliminate the problem, more drastic action is taken.  Monitors are divided into three classes; the class determines what action is taken. For count rate monitors, the macro is rerun.  For temperature monitors, nothing is done.  For current or voltage monitors, if enabled via command, the shutdown macro is run.


The following pseudo-code description of the normal and panic reactions to a high monitor summarizes the discussion above.  The low responses are similar.

React_high:

issue persistent high alarm

if enabled (via H_MON_CNTRL command)


execute high response macro for this alarm

panic_high:

case of monitor class


current/voltage:



if enabled (via H_MON_CNTRL command)




run shutdown macro


temperature:



nop


count rate:



if enabled (via H_MON_CNTRL command)




execute high response macro for alarm


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.

Source
Class
Alarm Ids

Low / High
Macro Ids

Low / High

Bias V
S
128
192
19
19

+30V Supply Voltage
S
129
193
21
21

+15V Supply Voltage
S
130
194
21
21

+5V Digital Supply Voltage
S
131
195
4
4

+5V Analog Supply Voltage
S
132
196
17
17

-5V Supply Voltage
S
133
197
17
17

+5V Digital Supply Current
S
134
198
4
4

+5V Analog Supply Current
S
135
199
17
17

-5V Supply Current
S
136
200
17
17

High Voltage Supply Current
S
137
201
5
5

Heater Supply Current
N
138
202
23
22

MCP Thermistor
N
139
203
23
18

SSD Thermistor
N
140
204
23
18

HENA Sensor Base Thermistor
N
141
205
23
18

Shutter Thermistor
N
142
206
0
16

MEU Thermistor
N
143
207
0
1

Start MCP Voltage
S
144
208
7
7

Stop MCP Voltage
S
145
209
8
8

Coinc MCP Voltage
S
146
210
6
6

Positive Collimator Voltage
S
147
211
9
9

Negative Collimator Voltage
S
148
212
10
10

analog ground/spare
N
149
213
0
0

digital ground/spare
N
150
214
0
0

SSD +5V Digital Voltage
S
151
215
4
4

SSD +5V Analog Voltage
S
152
216
24
24

SSD +5V Amptek Voltage
S
153
217
20
2

SSD –5V Analog Voltage
S
154
218
24
24

MCP +5V Voltage
S
155
219
25
25

MCP –5V Voltage
S
156
220
25
25

Shutter Status
N
157
221
0
0

Instrument Current
S
158
222
2
2

Shutter Current
N
159
223
0
16

Start Fast
R
160
224
0
12

Stop Fast
R
161
225
0
13

Coincidence
R
162
226
0
11

Energy
N
163
227
0
20

Positive Collimator Discharge
R
164
228
0
14

Negative Collimator Discharge
R
165
229
0
15

5.8 Fault Avoidance and Recovery


Part of the DPU’s memory is protected by error correction and detection coding.  If any single bit is corrupted in any sixteen bit word (or in its check data), the bit will be corrected when the word is read.  However, two corrupted bits cannot be corrected.  Therefore, the DPU software periodically reads, then writes back, every memory word to correct lurking single bit errors.


Similarly, 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.  Also, the entire SSD parameter database is periodically reloaded into the SSD in case bit flips occur in the SSD hardware.


The HENA 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.


If the DPU does not receive any communications from the CIDP within 300 seconds, it runs H_SYS_SHUT in anticipation of losing power from the CIDP.

6. Telemetry Interface


A serial interface to the CIDP delivers HENA telemetry data and commands to the CIDP.

6.1 Format


The DPU sends telemetry data serially at 38400 baud with eight data bits, one stop bit, and no parity.  Each package consists of a four byte header followed by zero or more data bytes.  The header is a three byte synchronization pattern followed by a package identifier.  Packages may be sent following the first synchronization pulse after the nadir pulse, but must conclude before the next nadir pulse.  The package types used by HENA are summarized in the following tables.


Data packages are used to downlink science and housekeeping data.  Each data product is placed in a package; the application id identifies the data type.  The Compression bit would be set to command the CIDP to compress the data.  Since the HENA DPU compresses its own data, this bit will never be set.  The byte count gives the length of the data and checksum fields; the most significant byte of the length is sent first.  Up to 63,980 bytes of data can be sent in one package.  Following the data is a checksum, consisting of the byte-wise exclusive-or of the data.

Data Package Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xdc – Data Package Id

4
Cmp
Application Id

5
Byte Count, 7 – N (ms)

6
Byte Count (ls)

7+
…

Data

…

N
Checksum


Each package is converted to a HENA CCSDS packet by the CIDP.  The packet will have an application process id consisting of 0101XXXXXXX where XXXXXXX is the application id from the package.  The CCSDS packet secondary header will have the spacecraft time at the start of the next spin.  The package checksum will be included in the packet data.  If the checksum is bad, the package is downlinked as if the application id were 0x7f; the application id 0x7f is reserved by the CIDP for this use.


The CIDP request package requests action of the CIDP.  The request id identifies the action to take.  The byte count gives the length of the checksum field and is always one.

CIDP Request Package Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xd5 – CIDP Request Package Id

4
Request Id

5
Byte Count, 7 – N (ms) (= 0)

6
Byte Count (ls) (= 1)

7
Checksum (= 0)


At most one request may be sent per spin.  The CIDP will act on the request within two spins.  The following requests are defined:

· Power Off Request (Id = 00010001)

· Power Cycle Request (Id = 00010010)

· Data Upload Request (Id = 00BB0101, where BB is the block id)


At least one package must be sent to the CIDP every spin to allay the CIDP watchdog’s suspicions of HENA’s demise.  The No-data package is sent if HENA has no other data to send.

No Data Package Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xac – No Data Id

4
Fill (= 0)

5
Byte Count, 7 – N (ms) (= 0)

6
Byte Count (ls) (= 1)

7
Checksum (=0)

6.2 Science Products


Science data products are accumulators, PHA results, images from the HENA-M and HENA-S sensors, and various data structure dumps.  Each product is accumulated and transmitted at a fixed interval or on demand as specified in the table below.  Each product is sent in separate packages with a unique application id.

Product
AppIDs (hex)
Rate

Accumulators
0x00
2 sectors

HENA-M PHA Results
0x01
2 sectors

HENA-S PHA Results
0x02
2 sectors

HENA-M Raw + PHA
0x03
2 sectors

HENA-S Raw + PHA
0x04
2 sectors

High Res. Image
0x05
1 spin

Low Res. Image
0x06
1 spin

SSD Image
0x07
1 spin

Memory Dump
0x08
on demand

Memory Checksum
0x09
on demand

Parameters
0x0a
on demand

Calibration Sequences
0x0b
on demand

Monitor Limits
0x0c
on demand

SSD Parameters
0x0d
on demand

Schedule
0x0e
1 spin

Macro Status
0x0f
on demand

SSD Bad Pixel Map
0x10
on demand

Analog Oscilloscope
0x11
as needed


Each science data package has a common eight-byte header.  This HENA data header contains the spacecraft time when the data was taken, and for integrated data, when the integration began.  The header also has a bit indicating the instrument charge mode (0=neutral, 1=ion).  The header also indicates this package’s position in a multi-package data item.


7
6
5
4
3
2
1
0

0
Spacecraft Time (ms byte) 

1
Spacecraft Time

2
Spacecraft Time

3
Spacecraft Time (ls byte) 

4
Spin No. (ms byte)

5
Spin No. (ls byte)

6
Charge
Start Sector No.

7
Sequence/Fragment No.


Following the header is the science data.  The format of each science data product is described below.

6.2.1 Accumulators


HENA accumulator packages consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and compressed accumulator values.  Each 24-bit accumulator is log-compressed to ten bits.


7
6
5
4
3
2
1
0

0
Start_Fast (bits 9-2)

1
Start_Fast (bits 1-0)
Start_Shaped (bits 9-4)

2
Start_Shaped (bits 3-0)
Start_Coinc (bits 9-6)

3
Start_Coinc (bits 5-0)
Stop_Fast (bits 9-8)

4
Stop_Fast (bits 7-0)

5
Stop_Shaped (bits 9-2)

6
Stop_Shaped (bits 1-0)
Stop_Coinc (bits 9-4)

7
Stop_Coinc (bits 3-0)
MCP_TOF (bits 9-6)

8
MCP_TOF (bits 5-0)
Coinc (bits 9-8)

9
Coinc (bits 7-0)

10
Energy Rate (bits 9-2)

11
Energy Rate (bits 1-0)
SSD_Pileup (bits 9-4)

12
SSD_Pileup (bits 3-0)
TOF_SSD (bits 9-6)

13
TOF_SSD (bits 5-0)
Full_MCP (bits 9-8)

14
Full_MCP (bits 7-0)

15
Full_SSDbits 9-2)

16
Full_SSD (bits 1-0)
Reject_Event (bits 9-4)

17
Reject_Event (bits 3-0)
Xfer_Event (bits 9-6)

18
Xfer_Event (bits 5-0)
SSD_TOF (bits 9-8)

19
SSD_TOF (bits 7-0)


Data log-compressed to ten bits consists of a five-bit exponent and a five-bit mantissa.
9
8
7
6
5
4
3
2
1
0

exponent
mantissa


Data is decompressed using the following pseudo-C algorithm:

if(exponent==0)

result = mantissa
else

result = (mantissa | 0x20) << (exponent – 1)

6.2.2 HENA-M PHA Results


HENA-M PHA result packages consist of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and PHA results.  Each PHA result occupies four bytes.  Each package holds zero to 256 events.  A package with zero events would be sent if HENA-M PHA data was enabled but no events were observed.


7
6
5
4
3
2
1
0

0
Azimuth
CTOF

1
CTOF

2
Elevation
PHf (ms)

3
PHf (ls)
PHb

6.2.3 HENA-S PHA Results


HENA-S PHA result packages consist of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and PHA results.  Each PHA result occupies four bytes.  Each package holds zero to 256 events.  A package with zero events would be sent if HENA-S PHA data was enabled but no events were observed.


7
6
5
4
3
2
1
0

0
Azimuth
E (ms)

1
E (ls)

2
Elevation
CTOF (ms)

3
CTOF (ls)

6.2.4 HENA-M Raw + PHA Results


HENA-M raw + PHA result packages consist of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and event data.  Each event occupies eighteen bytes: fourteen bytes for the seven raw data words and four bytes of PHA results.  Each package holds zero to 56 events.


7
6
5
4
3
2
1
0

0
spare
Event ID (ms)

1
Event ID (ls)

2
spare
MTOF (ms)

3
MTOF (ls)

4
spare
Wft (ms)

5
Wft (ls)

6
spare
Wfb (ms)

7
Wfb (ls)

8
spare
Wb (ms)

9
Wb (ls)

10
spare
Sb (ms)

11
Sb (ls)

12
spare
Ib (ms)

13
Ib (ls)

14
Azimuth
CTOF

15
CTOF (ls)

16
Elevation
PHf (ms)

17
PHf (ls)
PHb

6.2.5 HENA-S Raw + PHA Results


HENA-S raw + PHA result packages consist of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and event data.  Each event occupies sixteen bytes: twelve bytes for the six raw data words and four bytes of PHA results.  Each package holds zero to 64 events.


7
6
5
4
3
2
1
0

0
spare
Event ID (ms)

1
Event ID (ls)

2
spare
STOF (ms)

3
STOF (ls)

4
spare
Wft (ms)

5
Wft (ls)

6
spare
Wfb (ms)

7
Wfb (ls)

8
spare
E (ms)

9
E (ls)

10
[m]
PID (ms)

11
PID (ls)

12
Azimuth
E (ms)

13
E (ls)

14
Elevation
CTOF (ms)

15
CTOF (ls)

6.2.6 HENA-M and HENA-S Images


Each HENA image is sent as a series of packages.  A package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, a compression subheader, and compressed pixels.  Each 16-bit pixel is log-compressed to eight bits; then the entire block of pixels is Rice-compressed. Compression type and compression information appear before the first pixel.  Currently, the only compression type is Rice compression; type will be zero and information will be the Rice code (the number of uncompressed bits in each pixel).  This is followed by the first pixel, log-compressed, but not Rice-compressed.  Then, Rice-compressed pixels follow.


7
6
5
4
3
2
1
0

0
Image Id (see Appendix 3)

1
Compression Type
Compression Information

2
First Pixel

3+
Remaining Rice-compressed Pixels …


Each image is divided into fragments for the purpose of splitting the image across multiple packages.  Each package is self-contained so that if one package is lost, the remaining packages can be used to reconstruct a partial image.  HENA images have either high-spatial resolution (120x40), low-spatial resolution (60x20), or SSD resolution (80x24).  High-spatial resolution images have eight fragments each containing 600 pixels.  Low-spatial resolution images have four fragments each containing 300 pixels.  SSD images have four fragments each containing 480 pixels.  Image fragments are numbered starting at zero; the data header of a package will list the fragment contained in the package.  Within each fragment, pixels are sent starting at the lower left pixel, moving horizontally over the first row, then starting at the left of the next row, etc.


Images are decompressed with the following pseudo-C algorithm:

if info == 8



/* if backup (i.e. no) comp /

P0 = read(8 bits)

/ first pixel /

for each remaining pixel


Pi = (Pi-1 - ∆f) & 0xff
else

P0 = read(8 bits)

/ first pixel /

for each remaining pixel


Pi = (Pi-1 - ∆r) & 0xff
for each pixel



/ undo lossy comp /

exponent = Pi >> 4; mantissa = Pi & 0x0f

if(exponent==0)


Pi’ = mantissa

else


Pi’ = (mantissa | 0x10) << (exponent – 1)

where ∆r is computed as follows:

for(i=0; read(1 bit)==0; i++)
/ count zeroes */

;
∆code = I<<info | read(info bits)
∆r = (∆code & 0x01) ? ~(∆code>>1) : (∆code>>1)

and, where ∆f is computed as follows:

∆code = read(info bits)
∆f = (∆code & 0x01) ? ~(∆code>>1) : (∆code>>1)

and, where read(n) is a function that reads next n bits from subpacket data field; read(0) returns 0.
6.2.7 Memory Dump


Memory dump packages consist of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, a memory dump subheader, and memory data.  Up to 256 bytes can be sent in a single package; if a larger dump was requested, multiple packages will be sent with an incrementing sequence number in the data header.  There is no guarantee of consistency within or between packages.


7
6
5
4
3
2
1
0

0
Address (ms bits)

1
Address (ls bits)

2
spare
spare
Address Space
Page

3
spare

4+
…

Dump Bytes

…

6.2.8 Memory Checksum


Memory checksum packages consist of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, a memory checksum subheader, and memory checksum.


7
6
5
4
3
2
1
0

0
Address (ms bits)

1
Address (ls bits)

2
Length (ms bits)

3
Length (ls bits)

4
spare
spare
Address Space
Page

5
Checksum

6.2.9 Parameters


A parameter package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of HENA parameter values.  The package is only sent in response to a H_MEM_STR_READ command.  Note: each parameter is 16 bits.


7
6
5
4
3
2
1
0

0 – 11
HV slew rate for coincidence, start, and stop MCPs,

positive collimators and negative collimators, and SSD bias (in steps/s)

12 – 23
Alternative HV level for coincidence, start, and stop MCPs,

positive collimators and negative collimators, SSD bias

24 – 25
Earth avoidance zone (in sectors)

26 – 27
Sun avoidance zone (in sectors)

28 – 29
Motor interrupt period (in processor clocks)

30 – 31
Motor steps to open/close shutter

32 – 33
Motor power level (clock duty cycle)

34 – 35
Start top offset

36 – 37
Start bottom offset

38 – 39
Stop wedge offset

40 – 41
Stop strip offset

42 – 43
Stop interstitial offset

44 – 45
MTOF offset

46 – 47
STOF offset

48 – 49
Gain for Xf (Gf’)

50 – 51
Offset of Xf (Of’)

52 – 53
Gain for Xb (Gxb’)

54 – 55
Offset for Xb (Oxb’)

56 – 57
Gain for Yb (Gyb’)

58 – 59
Offset for Yb (Oyb’)

60 – 63
MCP mass calculation parameters:

A & B

64 – 71
Correction factors for PHf MCP gain:

f[4] indexed by Xf

72 – 103
Correction factors for Phb MCP gain:

f[4,4] indexed by Xb and Yb

104 – 123
Thresholds for classifying HENA-M H CTOF:

T0, T1, … T9

124 – 143
Correction factors for SSD TOF electron path:

f[10] indexed by SSD Y pixel number

144 – 159
Thresholds for classifying HENA-S CTOF:

T0, T1, … T7

160 – 183
SSD mass calculation parameters:

B1 – B6

184 – 191
Thresholds for classifying HENA-S mass:

T0, T1, … T3

192 – 193
TDC control register

194 – 195
Minimum Start Pulse Height

196 – 197
Upper Limit of Bad Start Position

198 – 199
Lower Limit of Bad Start Position

200 – 201
Offset from center of FOV to Earth start (in sectors)

202 – 203
Offset from center of FOV to Earth end (in sectors)

204 – 205
Offset from center of FOV to sun start (in sectors)

206 – 207
Offset from center of FOV to sun end (in sectors)

208 – 223
Thresholds for classifying HENA-M O CTOF:

T0, T1, … T7

224 – 225
spare

6.2.10 Calibration Sequences


A calibration sequence package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of three calibration sequences.  The package is only sent in response to a H_MEM_STR_READ command.


7
6
5
4
3
2
1
0

0 – 104
…

Calibration Sequence 1 (105 bytes)

…

105 – 209
…

Calibration Sequence 2 (105 bytes)

…

210 – 314
…

Calibration Sequence 3 (105 bytes)

…


Each sequence step has the following format, consisting of seven bytes, one byte for each calibrator value, time through coincidence.  This is repeated for each of the fifteen sequence steps.

Time
SSD
top/coin
bottom
wedge
strip
inter

6.2.11 Monitor Limits


A monitor limits package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of pairs of monitor limits, a low limit and a high limit, for each monitor.  The package is only sent in response to a H_MEM_STR_READ command.


7
6
5
4
3
2
1
0

0
Bias V Low Limit

1
Bias V High Limit

2
+30V Supply Voltage Low Limit

3
+30V Supply Voltage High Limit

4
+15V Supply Voltage Low Limit

5
+15V Supply Voltage High Limit

6
+5V Digital Supply Voltage Low Limit

7
+5V Digital Supply Voltage High Limit

8
+5V Analog Supply Voltage Low Limit

9
+5V Analog Supply Voltage High Limit

10
-5V Supply Voltage Low Limit

11
-5V Supply Voltage High Limit

12
+5V Digital Supply Current Low Limit

13
+5V Digital Supply Current High Limit

14
+5V Analog Supply Current Low Limit

15
+5V Analog Supply Current High Limit

16
-5V Supply Current Low Limit

17
-5V Supply Current High Limit

18
High Voltage Supply Current Low Limit

19
High Voltage Supply Current High Limit

20
Heater Supply Current Low Limit

21
Heater Supply Current High Limit

22
spare

23
spare

24
spare

25
spare

26
HENA Sensor Base Thermistor Low Limit

27
HENA Sensor Base Thermistor High Limit

28
Shutter Thermistor Low Limit

29
Shutter Thermistor High Limit

30
MEU Thermistor Low Limit

31
MEU Thermistor High Limit

32
Start MCP Voltage Low Limit

33
Start MCP Voltage High Limit

34
Stop MCP Voltage Low Limit

35
Stop MCP Voltage High Limit

36
Coinc MCP Voltage Low Limit

37
Coinc MCP Voltage High Limit

38
Positive Collimator Voltage Low Limit

39
Positive Collimator Voltage High Limit

40
Negative Collimator Voltage Low Limit

41
Negative Collimator Voltage High Limit

42
analog ground/spare Low Limit

43
analog ground/spare High Limit

44
digital ground/spare Low Limit

45
digital ground/spare High Limit

46
SSD +5V Digital Voltage Low Limit

47
SSD +5V Digital Voltage High Limit

48
SSD +5V Analog Voltage Low Limit

49
SSD +5V Analog Voltage High Limit

50
SSD +5V Amptek Voltage Low Limit

51
SSD +5V Amptek Voltage High Limit

52
SSD –5V Analog Voltage Low Limit

53
SSD –5V Analog Voltage High Limit

54
MCP +5V Voltage Low Limit

55
MCP +5V Voltage High Limit

56
MCP –5V Voltage Low Limit

57
MCP –5V Voltage High Limit

58
Shutter Status Low Limit

59
Shutter Status High Limit

60
Instrument Current Low Limit

61
Instrument Current High Limit

62
Shutter Current Low Limit

63
Shutter Current High Limit

64
Start Fast, Low Limit

65
Start Fast, High Limit

66
Stop Fast, Low Limit

67
Stop Fast, High Limit

68
Coincidence, Low Limit

69
Coincidence, High Limit

70
Energy, Low Limit

71
Energy, High Limit

72
Positive Collimator Discharge, Low Limit

73
Positive Collimator Discharge, High Limit

74
Negative Collimator Discharge, Low Limit

75
Negative Collimator Discharge, High Limit

6.2.12 SSD Parameters


The current SSD parameters are sent on request.  Each package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of the SSD’s current PHA, Actel, I/O, and FEA register values.  The package is only sent in response to a H_MEM_STR_READ command.


7
6
5
4
3
2
1
0

0-5
…

PHA registers, addresses 000616 – 000b16 (6 bytes)

…

6-13
…

Actel registers, addresses 800016 – 800716 (8 bytes)

…

14-35


…

I/O registers, addresses 900216 – 901716 (22 bytes)

…

36-995
…

FEA registers, addresses a00016 – a3bf16 (15*64 bytes)

…

6.2.13 Schedule


The current shutter, HV safing, and spin-synchronous macro schedule is sent periodically.  Each package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of the sector numbers at which the specified events will occur.  Events that can never happen (e.g., because they are disabled) are reported as occurring in sector 120.


7
6
5
4
3
2
1
0

0
Suppress event collection

1
Resume event collection

2
Start HV ramp down

3
Start HV ramp up

4
Close shutter to avoid sun

5
Reopen shutter (sun)

6
Close shutter to avoid earth

7
Reopen shutter (earth)

8
End integration and send MCP images

9
End integration and send SSD images

10
Earth enters field of view

11
Earth leaves field of view

12
Sun enters field of view

13
Sun leaves field of view

6.2.14 Macro Status


The status of each macro definition is sent on request.  Each package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of the address of the first block of each macro; this will be zero for an undefined macro.  The package is only sent in response to a H_MEM_STR_READ command.


7
6
5
4
3
2
1
0

0
Macro 0 (ms)

1
Macro 0 (ls)

…
…

510
Macro 255 (ms)

511
Macro 255 (ls)

6.2.15 SSD Bad Pixel Map


The current SSD bad pixel map is sent on request.  Each package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of a flag for each pixel; the flag is non-zero if the pixel is bad.  The package is only sent in response to a H_MEM_STR_READ command.


7
6
5
4
3
2
1
0

0
Pixel 0x00

1
Pixel 0x01

…
…

254
Pixel 0xfe

255
Pixel 0xff

6.2.16 Analog Oscilloscope


A selected analog channel can be monitored at 5 Hz and telemetered.  Each package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of the channel number and a time series of analog readings. Packages are not sent unless commanded by a H_SYS_SCOPE command.


7
6
5
4
3
2
1
0

0
Channel

1
spare

2
Sample 0

…
…

257
Sample 255

6.3 Housekeeping Products


Housekeeping data products are listed in the following table.  Each product is sent in a separate package with a unique application id.

Product
AppIDs (hex)
Rate

Status
0x40
commandable

Command Echo
0x41
as needed

Alarm
0x42
as needed


Each housekeeping data package has an eight-byte header identical to the one used for science data (see above).  Following the header is the data.  The format of each housekeeping data product is described below.

6.3.1 Status


A status package is sent periodically.  Each package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and data.  The data consists of analog status values, digital status, and the current instrument configuration.  The package is sent automatically; the rate can be set by command (H_TLM_STAT_RATE).


7
6
5
4
3
2
1
0

0-31
…

Analog Status (32 bytes)

…

32-35


…

Digital Status (4 bytes)

…

36-61
…

Hardware Configuration (26 bytes)

…

62-93
…

Software Configuration (32 bytes)

…

94-101
…

Software Information (8 bytes)

…


The analog status data consists of 32 one-byte values.  With the exception of the shutter current, a new analog value is read from the hardware every 200 milliseconds.  The shutter current is read only while the shutter power is on.  Each value is an 8-bit, unsigned number.  Whenever the status package is sent, the most recent analog values are sent.  All of the analogs except for the thermistor values are sent as read from the hardware; the thermistor values are modified to give them a positive slope (255 – value).  The analogs are listed in the following table:


Description

0
Bias V

1
+30V Supply Voltage

2
+15V Supply Voltage

3
+5V Digital Supply Voltage

4
+5V Analog Supply Voltage

5
-5V Supply Voltage

6
+5V Digital Supply Current

7
+5V Analog Supply Current

8
-5V Supply Current

9
High Voltage Supply Current

10
Heater Supply Current

11
spare

12
spare

13
HENA Sensor Base Thermistor

14
Shutter Thermistor

15
MEU Thermistor

16
Start MCP Voltage

17
Stop MCP Voltage

18
Coinc MCP Voltage

19
Positive Collimator Voltage

20
Negative Collimator Voltage

21
analog ground/spare

22
digital ground/spare

23
SSD +5V Digital Voltage

24
SSD +5V Analog Voltage

25
SSD +5V Amptek Voltage

26
SSD –5V Analog Voltage

27
MCP +5V Voltage

28
MCP –5V Voltage

29
Shutter Status

30
Instrument Current

31
Shutter Current


The digital status consists of digital values monitored by the DPU.  The digital status is defined in the following table:


Description
Encoding

0/7
HV Safe Power (S/W)
0=normal, 1=disallow turn on

0/6
HV Safe Limit (H/W)
0=normal, 1=limit in hardware

0/5-3
spare


0/2
HV Safing
0=HV Ready, 1=Safe HV

0/1
spare


0/0
Cover Status
0=Open, 1=Closed

1/7-4
Negative Collimator Discharges


1/3-0
Positive Collimator Discharges


2
EDAC Errors Corrected


3
spare



The hardware configuration data describes the commanded state of the instrument’s hardware control registers.  The format is defined in the following table:


Description
Encoding

0/7
HV Power
0=off, 1=on

0/6-5
spare


0/4
HV Negative Collimator Mode
0=disabled, 1=enabled

0/3
HV Positive Collimator Mode
0=disabled, 1=enabled

0/2
HV Coincidence MCP Mode
0=disabled, 1=enabled

0/1
HV Stop MCP Mode
0=disabled, 1=enabled

0/0
HV Start MCP Mode
0=disabled, 1=enabled

1/7
spare


1/6
Decontamination Heater On Pulse
100 ms high-going pulse

1/5
SSD Bias Power
0=off, 1=on 

1/4
spare


1/3
MCP Calibrator Power
0=off, 1=on

1/2
SSD Preamp Power
0=off, 1=on

1/1
Sensor SSD Analog Power
0=off, 1=on

1/0
Sensor MCP Analog Power
0=off, 1=on

2/7
spare


2/6
Wax Actuator Secondary Power
0=off, 1=on

2/5
Wax Actuator Primary Power
0=off, 1=on

2/4
Decontamination Heater Off Pulse
100 ms high-going pulse

2/3
Survival Heater
0=off, 1=on

2/2-0
Cal. TOF


3
HV Start MCP Actual Level


4
HV Stop MCP Actual Level


5
HV Coincidence MCP Actual Level


6
HV Positive Collimator Actual Level


7
HV Negative Collimator Actual Level


8
Start TOF Threshold


9
Stop TOF Threshold


10
Coincidence TOF Threshold


11
Calibrator Top/Coin Level


12
Calibrator Bottom Level


13
Calibrator Wedge Level


14
Calibrator Strip Level


15
Calibrator Interstitial Level


16
SSD Bias Actual Level


17
MCP Event Mode


18
SSD Event Mode


19
Last Alarm Id


20/7
Last Alarm Type
0=persistent, 1=transient

20/6-0
Alarm Count


21
spare


22/7-6
spare


22/5
MCP Cal. Clock 
0=disabled, 1=enabled

22/4
SSD Cal. Clock 
0=disabled, 1=enabled

22/3-0
spare


23/7-3
spare


23/2
Shutter Motor Power
0=off, 1=on 

23/1-0
Shutter Motor Phase


24-25
spare


The software configuration data describes the commanded state of the instrument’s software.  The format is defined in the following table:


Description
Encoding

0/7
spare


0/6
Wax Actuator Operation
0=disabled, 1=enabled

0/5
Sensor Raw Data Collection
0=disabled, 1=enabled

0/4
Accumulator Data Collection
0=disabled, 1=enabled

0/3
HENA-M PHA Data Collection
0=disabled, 1=enabled

0/2
HENA-S PHA Data Collection
0=disabled, 1=enabled

0/1
HENA-M Image Data Collection
0=disabled, 1=enabled

0/0
HENA-S Image Data Collection
0=disabled, 1=enabled

1/7
Calibrator Cycle SSD Pixel
0=off, 1=on

1/6
Charge Mode
0=neutral, 1=ion

1/5
Earth Shutter Mode
0=no-op, 1=close

1/4
Sun Shutter Mode
0=no-op, 1=close

1/3
Sun HV Mode
0=no-op, 1=ramp down

1/2
Sun Data Mode
0=collect, 1=reject

1/1
Data Collection Mode
0=normal, 1=backup

1/0
Monitor Response
0=disabled, 1=enabled

2
HV Start MCP Limit


3
HV Stop MCP Limit


4
HV Coincidence MCP Limit


5
HV Positive Collimator Limit


6
HV Negative Collimator Limit


7
HV Start MCP Goal


8
HV Stop MCP Goal


9
HV Coincidence MCP Goal


10
HV Positive Collimator Goal


11
HV Negative Collimator Goal


12
Calibrator Sequence Number
0=no sequence

13
MCP PHA Mode


14
MCP PHA Priority


15
SSD PHA Mode


16
SSD PHA Priority


17
Telemetry PHA-M Percentage


18
Housekeeping Rate


19
Enabled Memory Space


20
SSD Bias Limit


21/7
Image Motion Compensation Mode
0=disabled, 1=enabled

21/6
Decontamination Heater Mode
0=disabled, 1=enabled

21/5
MCP Software Event Filter
0=disabled, 1=enabled

21/4-2
spare


21/1-0
Shutter Operations Mode
0=manual, 1=auto, 2=open,

3=close

22
SSD Bias Goal


23
Macro Commands Executed


24-25
Telemetry Allocation


26-27
Enabled First Address


28-29
Enabled Last Address


30-31
Free Macro Blocks



The software information consists of values generated internally by the software.  The software information is defined in the following table:


Description
Encoding

0/7-2
spare


0/1
Recalculating
0=idle, 1=calculating tables

0/0
Macro Learn
0=idle, 1=learning

1
Macro ID


2
Commands Executed


3
Commands Rejected


4
Software Version


5
Telemetry Messages Sent


6
Shutter Status
0=closed, 1=open,

2=unknown

7
Macro Commands Rejected


6.3.2 Command Echo


Each command received by the DPU is echoed in a package.  Each echo package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and command data.  The command’s opcode and first nine arguments are included, followed by a macro bit (set to 1 if the command was executed as part of a macro) and a code summarizing the command’s result.  If the command has fewer than nine arguments, the unused echo bytes are filled with zeroes.  The result codes are defined in Appendix 4.


7
6
5
4
3
2
1
0

0
Opcode (ms)

1
Opcode (ls)

2
Arg 0

3
Arg 1

4
Arg 2

5
Arg 3

6
Arg 4

7
Arg 5

8
Arg 6

9
Arg 7

10
Arg 8

11
Macro?
Result Code

6.3.3 Alarm


Alarm packages report problems.  Each package consists of a package header (replaced by a CCSDS header in the CIDP), a HENA data header, and alarm data.  The alarm data consists of a byte identifying the alarm and two bytes with additional information.  For monitoring alarms, the first byte is the out-of-limit value and the second byte is the associated limit.  The flag indicates transient or persistent alarms.  See Appendix 2 for a list of the alarm ids.


7
6
5
4
3
2
1
0

0
Identifier

1
Value

2
Flag (0=persistent 1=transient)

3
Auxiliary Value

6.4 Allocation


The HENA telemetry allocation is 41,666 bytes per spin.  The command H_TLM_ALL_ALLOC can change this for ground testing or if the total IMAGE telemetry is reassigned.  The production of data is partially controlled by ground command.  Many HENA data products (e.g., accumulators) can be enabled or disabled by the H_SEN_CNTRL command.  The rate at which status data is generated is controlled by H_TLM_STAT_RATE.  Other data is generated automatically (e.g. command echo) or in response to a ground command (e.g. memory dump).


At the start of each spin, the HENA software divides the telemetry allocation among the enabled, synchronous producers as follows.  The status and accumulator data have a fixed size and are allocated first.  The remaining bandwidth is divided between images and PHA data.  If the actual image data exceeds this bandwidth, low priority images will be discarded until the data fits in its given bandwidth.  Any bandwidth remaining is divided between the HENA-M and HENA-S PHA data according to the percentage defined by the H_TLM_PHA_ALLOC command.  This algorithm assumes that no asynchronous data will be generated.


If more data is generated than can be sent, the data is queued until there is an opportunity to send it.  On subsequent spins, the telemetry production bandwidth that is parceled out is reduced until the backlog is cleared.  HENA will never send more telemetry in a spin than has been allocated.

7. Command Interface


A serial interface from the CIDP delivers command and ancillary support messages to the HENA DPU.

7.1 Message Format


The DPU receives data from the CIDP serially at 38400 baud with eight data bits, one stop bit, and no parity.  The CIDP sends messages to the HENA DPU over this interface.  Each message is 62 bytes long and starts with a four byte header.  The header is a three byte synchronization pattern followed by a message identifier.  Following the header, there is a checksum.  The checksum is the byte-wise exclusive-or of all the bytes in the message following the checksum.  Following the checksum there is a message length indicating how many of the remaining bytes in the message are meaningful.  The message types used by HENA are summarized in the following tables.


If there is no message to send within a one second interval, the CIDP will send a message indicating that “All-Is-Well”.  If the “All-is-Well message” is missing for more than 300 consecutive seconds, the DPU will run the shutdown macro.

All-Is-Well Message Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xa5 – All-Is-Well Message Id

4
Checksum (= 0)

5
Byte Count (= 0)

6-61
Fill (= 0)


The periodic message reports spacecraft time and attitude.  This message is sent once per spin between synchronization pulses 3500 and 3550; the data will be valid at the next nadir pulse.

Periodic Message Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xc5 – Periodic Message Id

4
Checksum

5
Byte Count (starting at byte 6)

6-9
MET coarse time: 0.1s resolution

10-11
MET fine time: 195 usec res. (9 bits valid)

12-13
Data Status Flags

14-25
Spin Axis Inertial X, Y, Z

26-29
Spin Phase (degrees)

30-33
Filtered Spin Rate Magnitude

34-37
MET coarse time at which Orbital Elements were valid

38-39
MET fine time at which Orbital Elements were valid

40-43
MET coarse time of Periapse Passage

44-45
MET fine time  Periapse Passage

46-47
Semimajor Axis

48-49
Eccentricity

50-51
Cosine of Angle of Inclination

52-53
Argument of Perigee

54-55
Longitude of Ascending Node

56-57
Distance to Earth Center

58-61
Fill (= 0)


Safe messages warn the DPU of imminent power loss.  The DPU shuts down power (via the shutdown macro) in anticipation of losing power.  The CIDP will turn off HENA ten or more seconds after sending the safe message.

Safe Message Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xdd – Safe Message Id

4
Checksum (= 0)

5
Byte Count (= 0)

6-61
Fill (= 0)


Low power messages tell the DPU to reduce power (via the low power macro).

Low Power Message Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xd1 – Low Power Message Id

4
Checksum (= 0)

5
Byte Count (= 0)

6-61
Fill (= 0)


Normal power messages tell the DPU to restore power (via the normal power macro).  The message is ignored if not preceded by a low power message.

Normal Power Message Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0x1d – Normal Power Message Id

4
Checksum (= 0)

5
Byte Count (= 0)

6-61
Fill (= 0)


Command messages are relayed from the ground, through the CIDP, and to the HENA DPU.  A command message can arrive at any time.  There is exactly one command per message.  The CIDP adds the four-word header; the remaining 58 bytes have been uplinked from the ground.  The two-byte command opcode identifies the command.  The HENA commands are defined in the following section.

Command Message Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xcc – Command Message Id

4
Checksum

5
Byte Count

6-7
Command Opcode

8-61
…

Command Data

…


Upload messages are relayed from the CIDP EEPROM.  A load consists of a sequence of upload messages.  The grouping flags and sequence count enumerate the steps in a load.  The first load message has a grouping flag set to first (= 01).  Subsequent load messages will have  a continuation grouping flag (= 00) and incrementing sequence count.  The final load message will have a last grouping flag (= 10).  The first load message (flag = 01) has destination information in the first ten data bytes.  The first two bytes comprise the destination memory id (ms byte first); this is followed by two bytes of destination address.  The next four bytes are unused.  The final two bytes gives the total data size for the entire load.  The remaining data bytes in the first load message are data to be loaded.  The final load message (flag = 10) has the total byte-wise exclusive-or checksum of the entire load.

Upload Message Format


7
6
5
4
3
2
1
0

0
0xfe – Synchronization Pattern 1

1
0xfa – Synchronization Pattern 2

2
0x30 – Synchronization Pattern 3

3
0xaa – Upload Message Id

4
Checksum

5
Byte Count

6-7
Command Opcode (= 0x112f)

8-9
spare

10
Grouping
Sequence Count (ms)

11
Sequence Count (ls)

12-61
…

Data

…


There is also a short load that fits in one upload message.  The grouping flags will indicate short (= 11), the destination will be in the first data bytes as before, and the remaining data bytes comprise the entire load.


Only one load can be in progress at a time.  A load message will be rejected if the target memory region has not been enabled via H_MEM_DAT_WRITE.

7.2 Command and Macro Processing


Most HENA commands consist of a two-byte opcode followed by a macro byte and 53 argument bytes.  The only exception is the H_MEM_DAT_LOAD command which has no macro byte.  Most arguments are a single byte; larger arguments are spread over multiple bytes with the most significant byte first.


Most commands are executed as soon as they are received; exceptions are noted in the individual command descriptions.  Each command is logged as it is received by the DPU.  A short command echo containing the opcode and some arguments along with a code summarizing the command’s result is downlinked.


64 kbytes of DPU memory are reserved for the storage of macros.  This memory is initialized with default macros stored with the flight software.  A macro can be any length as long as the total length of all the macros fit in the memory.  Up to 256 macros may be defined; each macro is identified by a small integer, 0 – 255.


The HENA opcode is followed by a macro byte.  The command handler can be commanded into a “learning” mode to define a macro.  If a command arrives with the macro byte set when the command handler is in learning mode, the command is logged, but not executed; instead the command is added to the macro currently being constructed.  Any command that arrives without the macro byte set, will be handled as usual.  When not in learn mode, a command that arrives with the macro byte set will be rejected.  Later, when a macro is executed, its component commands will be logged and executed.


There are commands for running and stopping a macro.  There is also a special command for adding delays to a macro; these can be used only within a macro.


Up to 64 macros can be running concurrently.  If more than one macro has been commanded to run, one of them is run until completion or until a delay command is executed.  Then the next runnable macro is run.  At all times, new commands arriving from the CIDP have priority over macros.


Several default macros are available as soon as the HENA 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 H_MAC_DEF and H_MAC_ENDEF.  The default macros are described in the following table.

ID
Action
Commands

0
No action
H_SYS_NULL

1
Shutdown
H_MEM_STR_LOAD 26 0 0
H_MEM_STR_LOAD 26 2 0
H_MEM_STR_LOAD 26 4 0
H_SEN_HV_LEVEL 0 ALL
H_MEM_STR_LOAD 26 10 0
H_SSD_BIAS_LEVEL 0
H_MAC_NEST 2
H_MAC_DELAY 10
H_SEN_HV_PWR OFF
H_SC_PWR_OFF
H_MEM_STR_LOAD 1 0 0
H_MEM_STR_LOAD 1 2 0
H_MEM_STR_LOAD 1 4 0
H_MEM_STR_LOAD 1 10 0

2
Low Power
H_MAC_NEST 18
H_MAC_NEST 16
H_HTR_DEC_PWR OFF

3
Normal Power
H_SEN_ANLG_PWR ALL ON

H_SSD_PRE_PWR ON

4
Turn Off Sensor
H_SEN_ANLG_PWR ALL OFF

5
Turn Off HV Power
H_SEN_HV_PWR OFF

6
Turn Off Coincidence HV
H_SEN_HV_CNTRL OFF COINC

7
Turn Off Start HV
H_SEN_HV_CNTRL OFF START

8
Turn Off Stop HV
H_SEN_HV_CNTRL OFF STOP

9
Turn Off Positive Collimator HV
H_SEN_HV_CNTRL OFF +COL

10
Turn Off Negative Collimator HV
H_SEN_HV_CNTRL OFF –COL

11
Turn Down Coincidence HV
H_SEN_HV_STEP 3 DOWN COINC

12
Turn Down Start HV
H_SEN_HV_STEP 3 DOWN START

13
Turn Down Stop HV
H_SEN_HV_STEP 3 DOWN STOP

14
Turn Down Positive Collimator HV
H_SEN_HV_STEP 3 DOWN +COL

15
Turn Down Negative Collimator HV
H_SEN_HV_STEP 3 DOWN –COL

16
Turn Off Shutter Power
H_SHUT_MODE MANUAL
H_SHUT_PWR OFF

17
Turn Off Sensor & SSD Preamps
H_SSD_PRE_PWR OFF
H_MAC_NEST 4

18
Turn Off Heater, Sensor, & SSD Preamps
H_HTR_SURV_PWR OFF
H_MAC_NEST 17

19
Turn Off Bias Power
H_SSD_BIAS_PWR OFF

20
Turn Off SSD Preamps
H_SSD_PRE_PWR OFF

21
Turn Off HV & Shutter Power
H_SEN_HV_PWR OFF
H_MAC_NEST 16

22
Turn Off Heater
H_HTR_SURV_PWR OFF

23
Turn On Heater
H_HTR_SURV_PWR ON

24
Turn Off SSD Sensor and Preamps
H_SEN_ANLG_PWR SSD OFF
H_SSD_PRE_PWR OFF

25
Turn Off MCP Sensor
H_SEN_ANLG_PWR MCP OFF

26
Wind Shutter Spring
H_SHUT_MODE MANUAL
H_SHUT_PWR ON
H_MEM_STR_LOAD 25 32 0
H_SHUT_MOVE 68 CCW
H_MAC_DELAY 1 second
H_SHUT_MOVE 2 CCW
H_MAC_DELAY 1 second
H_SHUT_MOVE 1 CCW
H_MAC_DELAY 1 second
H_SEN_ACT_PWR OFF PRIMARY
H_SEN_ACT_PWR OFF BACKUP
H_MAC_DELAY 15 minutes
H_SHUT_PWR OFF
H_MEM_STR_LOAD 12 32 0

27
Earth Start
H_SYS_NULL

28
Earth End
H_SYS_NULL

29
Sun Start
H_SYS_NULL

30
Sun End
H_SYS_NULL

31
Bright Start
H_SYS_NULL

32
Bright End
H_SYS_NULL

7.3 Commands


The commands are defined below.  Opcodes are defined such that two bit flips are needed to transform a valid opcode into another valid opcode.

7.3.1 H_HTR_DEC_PWR - Controls the Decontamination Heater Power

Opcode:
000116
Arguments:
0: state



0 = off



1 = on


Turn the HENA decontamination heater on or off.

7.3.2 H_HTR_SURV_PWR - Controls the Survival Heater Power

Opcode:
000216
Arguments:
0: state



0 = off



1 = on


Turn the HENA survival heater on or off.  The heater is also controlled by a thermostat.  The heater is turned on by this command or by the thermostat.

7.3.3 H_MAC_DEF - Begin a Macro Definition

Opcode:
000416
Arguments:
0: id


Start defining the identified macro.  All subsequent commands, which have their macro byte set, will be added to the macro; commands without the byte set, will be executed as usual.  Macro definition continues until an H_MAC_ENDEF command is seen; H_MAC_ENDEF must not have its macro byte set to end the definition.  The macro cannot be run until the definition is complete.  If the macro already exists, the new macro will replace the old when the H_MAC_ENDEF is received.  The command will be rejected if the id is invalid.

7.3.4 H_MAC_DELAY - Delay Macro

Opcode:
000716
Arguments:
0: delay (ms)


1: delay (ls)


Incorporate a delay of the given number of seconds into the macro currently being defined.  This command will be rejected if used outside of a macro definition.

7.3.5 H_MAC_END - End a Macro

Opcode:
007016
Arguments:
none

Terminate macro execution.  If this is a nested macro, resume the calling macro.  This command will be rejected if used outside of a macro definition.

7.3.6 H_MAC_ENDEF - End a Macro Definition

Opcode:
000816
Arguments:
none

Terminate macro definition.  Add an H_MAC_END command to the macro being defined and end the definition.  This command will be rejected if no macro is being defined.

7.3.7 H_MAC_HALT - Halt an Executing Macro

Opcode:
000b16
Arguments:
0: id


Stop the identified macro.  This command will be rejected if the id is invalid, if the identified macro is undefined, or it is not running.

7.3.8 H_MAC_NEST - Nest a Macro

Opcode:
007316
Arguments:
0: id


Run the identified macro.  The macro that contains the H_MAC_NEST command is suspended until the new macro completes.  This command will be rejected if the id is invalid or if the identified macro is undefined.  This command will also be rejected if used outside of a macro definition.

7.3.9 H_MAC_PAUSE - Pause Macro

Opcode:
008616
Arguments:
0: time (ms)


1: time


2: time


3: time (ls)


Pause macro execution.  When a macro executes this command, the macro will pause until the given MET arrives.  This command will be rejected if used outside of a macro definition.

7.3.10 H_MAC_RUN - Run a Macro

Opcode:
000d16
Arguments:
0: id


Run the identified macro.  This command will be rejected if the id is invalid or if the identified macro is undefined.

7.3.11 H_MCP_PHA_MODE - Sets MCP PHA Event Selection Mode

Opcode:
001016
Arguments:
0: mode



0 = FIFO



1 = normal



2 = priority


Select the mode used to collect HENA-M PHA results.

7.3.12 H_MCP_PHA_PRI - Sets MCP PHA Priority Selection

Opcode:
001316
Arguments:
0: TOF category



0 = very fast ([ctof]=0-1)



1 = fast ([ctof]=2-3)



2 = medium ([ctof]=4-5)



3 = slow ([ctof]=6-7)



4 = very slow ([ctof]=8-9)


Select the TOF category of HENA-M events to collect when HENA-M PHA is operating in priority mode.

7.3.13 H_MCP_THRE - Set MCP Thresholds

Opcode:
001516
Arguments:
0: level


1: channel



0 = start



1 = stop



2 = coincidence



3 = all


The start, stop, and coincidence channel thresholds determine the minimum signal level that is required in a timing channel before the event is registered.  This command allows adjustment of the thresholds for each or all of the channels to keep the threshold set just above the noise level of the channel.

7.3.14 H_MEM_DAT_CHECK - Check a Portion of DPU Memory

Opcode:
001616
Arguments:
0: memory id.


1: address (ms)


2: address (ls)


3: length (ms)


4: length (ls)


Calculate the checksum of up to 65535 bytes of memory from given address space, page, and address.  The checksum is the byte-wise exclusive-or of the memory indicated.  The results are downlinked.

7.3.15 H_MEM_DAT_COPY - Copies Memory Contents

Opcode:
001916
Arguments:
0: source memory id.


1: source address (ms)


2: source address (ls)


3: destination memory id.


4: destination address (ms)


5: destination address (ls)


6: length (ms)


7: length (ls)


Copy DPU memory from any address space, page, and address to any address space, page, and address.  Up to 65535 bytes can be copied with one command.  The command will be rejected if the destination memory region has not been enabled via H_MEM_DAT_WRITE.  The result is undefined if the source and destination regions overlap.

7.3.16 H_MEM_DAT_LOAD - Loads Data into DPU Memory

Opcode:
112f16
Arguments:
0: spare

1: spare

2: grouping flags / sequence count (ms)


3: sequence count (ls)


4 - 53: data


Load DPU memory.  A command message with an H_MEM_DAT_LOAD command is identical in format to an upload message except that the message id is different (see above).

7.3.17 H_MEM_DAT_READ - Reads a Selected Portion of DPU Memory

Opcode:
001c16
Arguments:
0: memory id.


1: address (ms)


2: address (ls)


3: length (ms)


4: length (ls)


Dump up to 65535 bytes of memory from given address space, page, and address.

7.3.18 H_MEM_DAT_WRITE - Enables Memory Write Operations

Opcode:
001f16
Arguments:
0: memory id.


1: first address (ms)


2: first address (ls)


3: last address (ms)


4: last address (ls)


Enable writes or copies into given region of memory.  The range check is inclusive; for example, if first address is 0 and last address is ffff16, then the entire 64 kbytes are enabled.  Only one memory region can be write-enabled at any one time; a write-enable command disables the previously enabled region.  All memory is disabled by specifying an invalid memory id, e.g. 0x40.

7.3.19 H_MEM_RUN - Run a Program

Opcode:
006d16
Arguments:
0: page


1: address (ms)


2: address (ls)


Run a program at the given address in the given page.  The program must either execute very quickly (so as not to hold up the command handler) or must take over completely.  If the program returns, there must be no net stack effects.

7.3.20 H_MEM_STR_LOAD - Load a Value into a Selected Data Structure

Opcode:
002016
Arguments:
0: value (ms)


1: value (ls)


2: id (ms)


3: id (ls)


4: data structure



0 = parameters



1 = calibration sequences



2 = monitor limits



3 = SSD parameters



5 = SSD bad pixel map


Load the value into the given data structure at the location denoted by the id.  The value is a byte when loading calibration sequences, monitor limits, or the SSD bad pixel map; it is a word when loading parameters or SSD parameters.  With the exception of SSD parameter ids, the id is defined by the byte offset into the data structure to the value of interest.  For SSD parameters, the id is the address of the parameter in the SSD hardware.  Note: an SSD parameter can be set even if the SSD power is off; the parameters will be loaded into the SSD once the power is on.

7.3.21 H_MEM_STR_READ - Reads a Selected Data Structure

Opcode:
002316
Arguments:
0: data structure



0 = parameters



1 = calibration sequences



2 = monitor limits



3 = SSD parameters



4 = macro status



5 = SSD bad pixel map


Downlink the indicated data structure.

7.3.22 H_MOD_CHARG - Set Charge Mode

Opcode:
002516
Arguments:
0: mode



0 = neutral



1 = ion


Set charge mode to collect neutral atoms only or ions.  In neutral mode, the detector’s collimators are charged and only neutral particles enter the detector.  In ion mode, the collimators are uncharged and any particle can enter the detector.

7.3.23 H_MOD_DATA - Selects Normal or Backup Data Collection Modes

Opcode:
002616
Arguments:
0: mode



0 = normal



1 = backup


Select HENA data collection mode.  In normal mode, events are collected from HENA-M and HENA-S, pulse height analyzed, accumulated into images, and downlinked.  Whenever normal mode is entered, the event analysis lookup tables are recalculated as if H_SEN_RECALC was issued.  In backup mode, energy images are read directly from HENA-S, accumulated into energy images, and downlinked.

7.3.24 H_MOD_EARTH - Set Earth Avoidance Modes

Opcode:
007516
Arguments:
0: shutter operations



0 = no-op



1 = close


Select the operation that occurs automatically when the earth enters the HENA field of view.  The shutter operational mode must be “automatic” for the selected operation to occur.

7.3.25 H_MOD_IMC - Set Image Motion Compensation Mode

Opcode:
008016
Arguments:
0: mode



0 = disabled (i.e. staring)



1 = enabled (i.e. spinning)


Enable or disable image motion compensation (IMC).  If enabled, the smear produced by spacecraft spin motion is removed from images and PHA results.  If disabled, IMC is not performed; this is probably only useful for ground testing.  A mode change does not take effect until the sun is the center of the HENA-S field of view.

7.3.26 H_MOD_SUN - Set Sun Avoidance Modes

Opcode:
002916
Arguments:
0: shutter operation



0 = no-op



1 = close


1: HV operation



0 = no-op



1 = ramp down


2: data operation



0 = collect data



1 = reject data


Select the operations that occur automatically when the sun enters the HENA field of view.  The shutter operational mode must be “automatic” for the selected shutter operation to occur.

7.3.27 H_MON_CNTRL - Enables / Disables Alarm Monitor Response

Opcode:
002a16
Arguments:
0: mode



0 = disable



1 = enable


Enable or disable alarm monitor response.  If enabled, an alarm will cause a corresponding response macro to be executed.

7.3.28 H_SC_PWR_OFF - Request Power Down

Opcode:
002c16
Arguments:
none

Send a message to the CIDP requesting removal of HENA power.  The CIDP will respond within two spins.

7.3.29 H_SEN_ACT_CNTRL - Enables or Disables the Sensor’s Wax Actuator

Opcode:
002f16
Arguments:
0: mode



0 = disable



1 = enable


Enable or disable operation of the sensor’s wax actuator.  This is a safety interlock; this actuator must be enabled before actually powering the actuator (with H_SEN_ACT_PWR).

7.3.30 H_SEN_ACT_PWR - Controls the Sensor Wax Actuator Power

Opcode:
003116
Arguments:
0: operation



0 = off



1 = on (allow cover to open, stay on)



2 = on (allow cover to open, turn off when open)



3 = on (allow cover to open, turn off after ten seconds)



4 = on (allow cover to open, run macro 26 when open)


1: heater



0 = primary



1 = backup


Turn power to sensor’s wax actuator off or on.  Turning on the actuator deploys the cover; this can only be done once.  The wax actuator in the sensor contains redundant heater elements; one is designated primary and the other backup.  The backup command would normally be used only if the primary heater circuit fails.  This command will be rejected unless specifically enabled with the H_SEN_ACT_CNTRL command.  With operations 2 or 3, the actuator power is removed automatically by the HENA software once the cover is open or after ten seconds.  With operation 4, a macro is run; the macro will rewind the spring in addition to removing actuator power.

7.3.31 H_SEN_ANLG_PWR - Controls Sensor Analog Electronics Power

Opcode:
003216
Arguments:
0: state



0 = off



1 = on


1: subsystem



0 = MCP



1 = SSD



2 = all


Turn power to the sensor’s analog electronics off or on.

7.3.32 H_SEN_CAL_PWR - Controls Calibrator Power

Opcode:
003416
Arguments:
0: state



0 = off



1 = on


1: subsystem



0 = MCP cal clock



1 = SSD cal clock



2 = MCP cal power



3 = all


Turn power to the sensor’s calibrators off or on.

7.3.33 H_SEN_CAL_SEQ - Sequence Calibrator Settings

Opcode:
003716
Arguments:
0: sequence (0 - 3)



0 = stop


Run the indicated calibration sequence.  The sequence loads new calibrator settings every eight sectors and runs for fifteen steps.  The sequence is restarted when it reaches the end.  The sequence can be stopped by trying to run invalid sequence number 0 or by using H_SEN_CAL_SET.

7.3.34 H_SEN_CAL_SET - Controls Calibrator Settings

Opcode:
003816
Arguments:
0: level (0 - 255)


1: channel



0 = time (TOF)



1 = SSD



2 = top/coin



3 = bottom



4 = wedge



5 = strip



6 = interstitial



7 = all


Stop the current calibration sequence and set given calibration channel to the given level.

7.3.35 H_SEN_CNTRL - Enables / Disables Sensor Data Generation

Opcode:
003b16
Arguments:
0: mode



0 = disable



1 = enable


1: data



0 = accumulators



1 = HENA-M PHA



2 = HENA-S PHA



3 = HENA-M Images



4 = HENA-S Images



5 = all


Enable or disable generation of specified data products.  The modes are sampled once per spin.

7.3.36 H_SEN_EVNT - Controls Sensor Event Logic Definitions

Opcode:
003d16
Arguments:
0: mode (0 - 255)


1: sensor



0 = MCP



1 = SSD


Set the sensor event logic mode for either the MCP or the SSD.

7.3.37 H_SEN_FILT - Enables/Disables Software Event Filter

Opcode:
008916
Arguments:
0: mode



0 = disable



1 = enable


1: sensor



0 = MCP


Enable or disable software event filter.

7.3.38 H_SEN_HV_CNTRL - Controls Sensor High Voltage Supply Enables

Opcode:
003e16
Arguments:
0: mode



0 = disable



1 = enable 


1: supply



0 = coincidence MCP



1 = start MCP



2 = stop MCP



3 = positive collimator



4 = negative collimator



5 = all MCPs



6 = all collimators



7 = all HVs


Enable or disable an individual HV supply or a group of HV supplies.  The HV subsystem must be enabled and powered (H_SEN_HV_PWR) before enabling the individual supplies; otherwise, the command will be rejected.

7.3.39 H_SEN_HV_LEVEL - Controls Sensor High Voltage Supply Levels

Opcode:
004016
Arguments:
0: level (0 - 255)


1: supply



0 = coincidence MCP



1 = start MCP



2 = stop MCP



3 = positive collimator



4 = negative collimator



5 = all MCPs



6 = all collimators



7 = all HVs


Set the voltage level of an individual HV supply or a group of HV supplies. The HV subsystem must be enabled, the HV powered (H_SEN_HV_PWR), and the individual HVs must be enabled (H_SEN_HV_CNTRL) before the HV level can be set; otherwise, the command will be rejected.  A command to set the level above its command limit (H_SEN_HV_LIMIT) will also be rejected.

7.3.40 H_SEN_HV_LIMIT - Controls Sensor High Voltage Supply Limits

Opcode:
004316
Arguments:
0: limit (0 - 255)


1: supply



0 = coincidence MCP



1 = start MCP



2 = stop MCP



3 = positive collimator



4 = negative collimator



5 = all MCPs



6 = all collimators



7 = all HVs


Set the upper voltage limit of an individual HV supply or a group of HV supplies.  If a limit is set below the current level of an operating HV level, the level is automatically reduced to the limit.

7.3.41 H_SEN_HV_PWR - Controls Sensor High Voltage Power

Opcode:
004516
Arguments:
0: state



0 = off



1 = on


Turn power to the sensor’s high voltage subsystem off or on.  A command to turn on the HV subsystem will be rejected if the HV subsystem is disabled.

7.3.42 H_SEN_HV_STEP - Step Sensor High Voltage Supply Levels

Opcode:
004616
Arguments:
0: step (0 - 255)


1: direction



0 = down



1 = up


2: supply



0 = coincidence MCP



1 = start MCP



2 = stop MCP



3 = positive collimator



4 = negative collimator



5 = all MCPs



6 = all collimators



7 = all HVs


Step the voltage level of an individual HV supply or a group of HV supplies. The high voltage subsystem must be powered (H_SEN_HV_PWR) and the individual HVs must be enabled (H_SEN_HV_CNTRL) before the HV level can be stepped.  A command to step the level above its commanded limit (H_SEN_HV_LIMIT) will be rejected.

7.3.43 H_SEN_RAW_CNTRL - Enables / Disables Sensor Raw Data

Opcode:
004916
Arguments:
0: mode



0 = disable



1 = enable


Enable or disable inclusion of HENA sensor raw data with PHA data.

7.3.44 H_SEN_RECALC - Recalculate Sensor Setup

Opcode:
007f16
Arguments:
none

Recalculate sensor setup:  load offset parameters, calculate lookup tables, etc.

7.3.45 H_SHUT_MODE - Sets the Shutter Operational Mode

Opcode:
007616
Arguments:
0: operation



0 = manual



1 = automatic



2 = open



3 = close


Select how the HENA shutter is controlled.

7.3.46 H_SHUT_MOVE - Moves Shutter Motor

Opcode:
007916
Arguments:
0: number of steps (0-255)


1: direction



0 = CCW



1 = CW


Moves the shutter motor the specified number of steps in the specified direction.  This command will be rejected if the shutter operational mode is not “manual” or the shutter power is off.

7.3.47 H_SHUT_PWR - Controls Shutter Power

Opcode:
007a16
Arguments:
0: state



0 = off



1 = on


Turn power to the HENA shutter off or on.  This command will be rejected if the shutter operational mode is not “manual”.

7.3.48 H_SSD_BIAS_PWR - Controls the SSD Bias Power

Opcode:
004c16
Arguments:
0: state



0 = off



1 = on


Turn power to the SSD’s bias power supply off or on.

7.3.49 H_SSD_BIAS_LEVEL - Sets the SSD Bias Level

Opcode:
004f16
Arguments:
0: level (0 - 255)


Set the SSD’s bias level.  The bias system must be powered (H_SSD_BIAS_PWR) before the level can be set.  A command to set the level above its commanded limit (H_SSD_BIAS_LIMIT) will be rejected.

7.3.50 H_SSD_BIAS_LIMIT - Sets the SSD Bias Limit

Opcode:
006e16
Arguments:
0: limit (0 - 255)


Set an upper limit for the SSD’s bias level.  If the limit is set below the current level, the level is automatically reduced to the limit.

7.3.51 H_SSD_PH_LEVEL - Sets the Range of SSD Pulse Heights Accepted

Opcode:
005116
Arguments:
0: level (0 - 255)


1: selection



0 = lower



1 = upper


Set the lower or upper range of pulse heights accepted by the SSD.  The range is divided into sixteen energy bins for SSD accumulated images.

7.3.52 H_SSD_PHA_MODE - Sets SSD PHA Event Selection Mode

Opcode:
005216
Arguments:
0: mode



0 = FIFO



1 = normal



2 = priority


Select the mode used to collect HENA-S PHA results.

7.3.53 H_SSD_PHA_PRI - Sets the SSD PHA Priority Selection

Opcode:
005416
Arguments:
0: mass category



0 = H ([m]=0)



1 = He ([m]=1)



2 = CNO ([m]=2)



3 = “bad” ([m]=3)


1: TOF category



0 = very fast ([ctof]=0-1)



1 = fast ([ctof]=2-3)



2 = medium ([ctof]=4-5)



3 = slow ([ctof]=6-7)


Select the mass/TOF category of HENA-S events to collect when HENA-S PHA is operating in priority mode.

7.3.54 H_SSD_PIX_CAL - Selects the SSD Pixels for Calibration

Opcode:
005716
Arguments:
0: mode



0 = disable



1 = enable


1: pixel ID (0 - 239)



240 = cycle



255 = all


Selects which SSD pixels are enabled to see the calibration signal.  Specifying “cycle” causes one and only one pixel to be selected for calibration; a new pixel is selected every two sectors.  Cycling stops when any other H_SSD_PIX_CAL command is received.

7.3.55 H_SSD_PIX_CNTRL - Enable or Disable Selected SSD Pixels

Opcode:
005816
Arguments:
0: mode



0 = disable



1 = enable


1: pixel ID (0 - 239)



255 = all


Selects which SSD pixels can generate events.

7.3.56 H_SSD_PIX_DIAG - Selects the SSD Pixels for Diagnosis

Opcode:
005b16
Arguments:
0: pixel ID (0 - 239)


Selects the SSD pixels to monitor.  Up to fifteen pixels can be selected as long as they are in separate FEA chips.  The selected pixels’ analog signals will be routed to test points in the detector.  This command is only useful on the ground.

7.3.57 H_SSD_PIX_THRE - Sets the SSD Pixel Thresholds

Opcode:
005d16
Arguments:
0: level (0-15)


1: pixel ID (0-239)



255 = all


Set the threshold of an SSD pixel.  All of the pixels in the FEA chip are effected.

7.3.58 H_SSD_PRE_PWR - Controls SSD Preamp Power

Opcode:
005e16
Arguments:
0: state



0 = off



1 = on


Turn power to the SSD preamplifier circuit off or on.

7.3.59 H_SYS_CNT_CLR - Clear Command Counter

Opcode:
008316
Arguments:
0: counter



0 = commands executed



1 = commands rejected



2 = macro commands executed



3 = macro commands rejected



255 = all


Clear selected command counter.

7.3.60 H_SYS_NULL - HENA No Operation

Opcode:
006116
Arguments:
none

Do nothing.  Useful for testing command uplink and command echo downlink.

7.3.61 H_SYS_SCOPE – Control Analog Oscilloscope

Opcode:
008516
Arguments:
0: channel (0-31)



255 = disable


Select a channel to monitor for the analog oscilloscope telemetry data.  Any invalid channel number will disable this mode.

7.3.62 H_SYS_SHUT - Shutdown HENA

Opcode:
006216
Arguments:
none

Shutdown HENA in preparation for losing power.  Runs the shutdown macro.

7.3.63 H_SYS_SYNC - Enable/Disable Synthetic Synchronization

Opcode:
007c16
Arguments:
0: mode



0 = disable



1 = enable


Enable or disable generation of synthetic synchronization pulse.  The synthetic pulse should be enabled if the CIDP synchronization pulse fails.  Note that since nadir and sun pulses will also be synthesized, HENA will have no idea where the sun really is.

7.3.64 H_SYS_WRAP - Wrapped HENA Command

Opcode:
006416
Arguments:
0: opcode (ms)


1: opcode (ls)


2: arg0


3: etc.


Process the arguments as a command.  Note: the wrapped command will be echoed, not the H_SYS_WRAP command.

7.3.65 H_TLM_ALL_ALLOC - Set Total Telemetry Allocation

Opcode:
006716
Arguments:
0: allocation (ms)


1: allocation (ls)


Set the number of bytes of telemetry to generate each spin.  This command can be used to increase the HENA telemetry allocation during ground testing.  An allocation change does not take effect until the next nadir.

7.3.66 H_TLM_PHA_DIV - Set PHA Science Telemetry Allocation

Opcode:
006816
Arguments:
0: percentage (0 - 100)


Set the percentage of PHA science telemetry allocated to HENA-M.  The percentage is sampled once per spin.

7.3.67 H_TLM_STAT_RATE - Sets the Status Housekeeping Generation Rate

Opcode:
006b16
Arguments:
0: packages (0 - 120)


Set the rate at which status housekeeping data is collected and transmitted.  The rate is measured in packages per spin.  A change does not take effect until the next nadir.

8. Boot ROM Program


The HENA boot ROM program tests RAM searching for a place to load itself.  It tests pages 3, 2, 1, 7, 6, 5, and 4.  The boot program copies itself into the first RAM page that tests good; this will normally be page 3.  No telemetry appears and no commands are accepted until after the RAM test.  The test is non-destructive of RAM contents.


Once the self-test is complete, the boot program begins processing messages received from the spacecraft over the RS-422 line.  The boot program accepts command, periodic, and upload messages; all others are ignored.  The boot program accepts a subset of the HENA application commands:

· H_MEM_DAT_CHECK, H_MEM_DAT_COPY, H_MEM_DAT_LOAD, H_MEM_DAT_READ, and H_MEM_DAT_WRITE

· H_MEM_RUN

· H_SYS_NULL

· H_SYS_SYNC

· H_TLM_ALL_ALLOC


The boot program generates a subset of the telemetry generated by the flight program.  The status package is sent every sector, except for the first and last sector of a spin.  Only “commands executed”, “commands rejected”, and “software version” of the software information are filled in; everything else in the package is zero.  Memory dump and memory checksum packages can be requested.  Command echoes are sent.  The boot program is cognizant of the spacecraft spin and conforms to the CIDP’s interfacing rules.


If the boot program does not receive a command within ten seconds of startup, it attempts to automatically boot the application program.  The boot program checks the application program in EEPROM.  The EEPROM format consists of a program image prepended with a five word header:

page
address
start addr.
length
checksum

The page and address identifies the destination for the program.  The start address is the entry point of the program.  The length is the total length including the header (measured in 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.  If the checksum is good and the destination page is not the same as the page the boot program is using, the program image is copied to RAM and started at the given address.  Otherwise, the boot program continues waiting for commands.


A serial test port is available during ground testing.  Typing a carriage return any time that the boot program is running brings up an ASCII interface.  A set of commands similar to that available over the spacecraft interface is provided. Each command is invoked by a single character:

Command
Action

b
Boot (from EEPROM)

c
Copy Memory

e
Run Program

i
Inspect/Modify Memory

l
Load Memory (in Intel hex format)

q
Quit and restart boot program

Appendix 1. Acronyms

Acronym
Definition

CCSDS
Consultative Committee for Space Data Systems

CIDP
Central Instrument Data Processor

CTOF
Corrected TOF

CCW
Counter ClockWise

CW
ClockWise

DPU
Data Processing Unit

EEPROM
Electrically Erasable Programmable ROM

FEA
Front End Amplifier

FIFO
First In First Out

HENA
High Energy Neutral Atom

HV
High Voltage

IMAGE
Imager for Magnetopause-to-Aurora Global Explorer

IMC
Image Motion Compensation

LUT
Look Up Table

MCP
Micro Channel Plate

MET
Mission Elapsed Time

PHA
Pulse Height Analysis

PID
Pixel IDentifier

RAM
Random Access Memory

ROM
Read Only Memory

S/C
Spacecraft

SSD
Solid State Detector

TBD
To Be Determined

TOF
Time Of Flight

Appendix 2. Alarms

ID
Description
Information

0
Unused


1
Bad message checksum
Message Id

2
Out of macro contexts
Macro Id

3
Shutter motion failure
A/D position value

128-191
Monitored value is too low
Value and limit

192-255
Monitored value is too high
Value and limit

Appendix 3. Image Ids

Description
ID (hex)

HENA-S Image H TOF 0
0x0a

HENA-S Image H TOF 1
0x0b

HENA-S Image H TOF 2
0x0c

HENA-S Image H TOF 3
0x0d

HENA-S Image H TOF 4
0x0e

HENA-S Image H TOF 5
0x0f

HENA-S Image H TOF 6
0x10

HENA-S Image H TOF 7
0x11

HENA-S Image HE TOF 0
0x12

HENA-S Image HE TOF 1
0x13

HENA-S Image HE TOF 2
0x14

HENA-S Image HE TOF 3
0x15

HENA-S Image HE TOF 4
0x16

HENA-S Image HE TOF 5
0x17

HENA-S Image HE TOF 6
0x18

HENA-S Image HE TOF 7
0x19

HENA-S Image CNO TOF 0
0x1a

HENA-S Image CNO TOF 1
0x1b

HENA-S Image CNO TOF 2
0x1c

HENA-S Image CNO TOF 3
0x1d

HENA-S Image CNO TOF 4
0x1e

HENA-S Image CNO TOF 5
0x1f

HENA-S Image CNO TOF 6
0x20

HENA-S Image CNO TOF 7
0x21

HENA-S Image Energy 0
0x22

HENA-S Image Energy 1
0x23

HENA-S Image Energy 2
0x24

HENA-S Image Energy 3
0x25

HENA-S Image Energy 4
0x26

HENA-S Image Energy 5
0x27

HENA-S Image Energy 6
0x28

HENA-S Image Energy 7
0x29

HENA-S Image Energy 8
0x2a

HENA-S Image Energy 9
0x2b

HENA-S Image Energy 10
0x2c

HENA-S Image Energy 11
0x2d

HENA-S Image Energy 12
0x2e

HENA-S Image Energy 13
0x2f

HENA-S Image Energy 14
0x30

HENA-S Image Energy 15
0x31

HENA-M Image H TOF 0 (high ang. res.)
0x32

HENA-M Image H TOF 1 (high ang. res.)
0x33

HENA-M Image H TOF 2 (high ang. res.)
0x34

HENA-M Image H TOF 3 (high ang. res.)
0x35

HENA-M Image H TOF 4 (low ang. res.)
0x36

HENA-M Image H TOF 5 (low ang. res.)
0x37

HENA-M Image H TOF 6 (low ang. res.)
0x38

HENA-M Image H TOF 7 (low ang. res.)
0x39

HENA-M Image H TOF 8 (low ang. res.)
0x3a

HENA-M Image H TOF 9 (low ang. res.)
0x3b

HENA-M Image O TOF 0 (low ang. res.)
0x3c

HENA-M Image O TOF 1 (low ang. res.)
0x3d

HENA-M Image O TOF 2 (low ang. res.)
0x3e

HENA-M Image O TOF 3 (low ang. res.)
0x3f

HENA-M Image O TOF 4 (low ang. res.)
0x40

HENA-M Image O TOF 5 (low ang. res.)
0x41

HENA-M Image O TOF 6 (low ang. res.)
0x42

HENA-M Image O TOF 7 (low ang. res.)
0x43

Appendix 4. 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
Destination memory not enabled for write

0x09
Unexpected load sequence number

0x0a
Inappropriate load command

0x0b
Load checksum failure

0x0c
Wax actuator is disabled

0x0d
HV subsystem is disabled

0x0e
HV subsystem is off

0x0f
HV supply is disabled or goal is too high

0x10
SSD bias above limit

0x11
Shutter not in manual mode

0x12
Shutter power not on

0x13
MCP calibrator power not on

