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1 Introduction
The National Aeronautics and Space Administration's (NASA) Sun-Earth Connection Program aims to improve the understanding of the origins of solar variability, how that variability transforms the interplanetary medium, how eruptive events on the Sun impact geospace, and how they might affect climate and weather, as well as systems on Earth and in Earth orbit. 

Solar TErrestrial RElations Observatory (STEREO) is the third in a series of Solar Terrestrial Probes called for in NASA’s Space Science Enterprise Strategic Plan to accomplish the goals of the Sun-Earth Connections program. STEREO will obtain simultaneous images of the Sun from two (2) spacecraft and build a three-dimensional (3-D) picture of Coronal Mass Ejections (CMEs) and the complex structures around them. Solar CMEs are manifestations of the rapid large-scale change in the global magnetic structure of the Sun. The primary goal of the STEREO mission is to discover how CMEs start at the Sun and propagate through the heliosphere and in interplanetary space, and how they affect bodies in Earth orbit and the Earth environment. Each observatory payload consists of four (4) instrument suites, of which the Sun Earth Connection Coronal and Heliospheric Investigation (SECCHI) Instrument Suite is one.

This document defines and describes the science operations that will direct the investigations undertaken by the SECCHI Instrument Suite. 
1.1 Mission and Instruments Description

The STEREO mission consists of two (2) identically instrumented Sun-pointed observatories placed in discrete heliocentric orbits. Both spacecraft will start their journey drifting away from Earth, one (1) leading the Earth and one (1) trailing. After two (2) years, the spacecraft will be 44 degrees from the Sun-to-Earth line, and in an optimum location to observe 3-D images of the CMEs directed toward Earth. 

The primary science objective of the SECCHI mission is to collect high-fidelity, 3-dimensional, and temporal heliospheric data. Observing schedules on the two (2) spacecraft will be synchronized to produce stereoscopic images of solar activity. This data will be used to develop a more complete understanding of the heliosphere and its effects on interplanetary space and, more importantly, the Earth.

Each observatory payload consists of four (4) instrument suites, of which SECCHI is one. The SECCHI Instrument Suite includes the Sun Centered Imaging Package (SCIP) and the Heliospheric Imager (HI), which are explained below.

The SCIP includes the following four (4) instruments:

· Extreme Ultraviolet Imager (EUVI): An extreme ultraviolet telescope that produces full Sun images from the chromospheric disk out into the corona to 1.5 RSun.

· Inner White Light Coronagraph (COR1): An internally occulted visible-light coronagraph that images the solar corona from 1.1 RSun to 4 RSun
· Outer White Light Coronagraph (COR2): An externally occulted visible-light coronagraph that images the solar corona from 2 RSun to 15 RSun. 
· Guide Telescope (GT): Technically not an instrument, the GT is housed in the SCIP structure and provides the fine pointing error signals, accurate to 0.1 arc-sec, to the spacecraft. 

The HI consists of two (2) visible-light telescopes (HI1 and HI2) that together image the interplanetary medium from 12 RSun to 384 RSun..

1.2 System Overview

The SECCHI Instrument Suite Science Operations run on five (5) major Computer Software Configuration Items (CSCIs). The CSCIs include:

· The Ground Development System (GDS), which includes 

· The Flight Operations Ground Software (FGSW), which sends commands to and receives telemetry from the instrument. It includes libraries of commands, telemetry, procedures, and pages which are developed primarily by the FSW team. The software package being used for SECCHI Telemetry and Command is the Integrated Test and Operations System (ITOS).
· The Telescope Development System (TDS), which will be used for the operation of development telescopes (camera and mechanisms) before SECCHI Integration and Test (I&T). It consists of software and equipment for acquiring and archiving data. During I&T, the FGSW will operate the telescopes via the flight computer (SECCHI Electronics Box [SEB]). During flight operations, the FGSW will control the SECCHI instruments on the spacecraft via the STEREO Mission Operations Center (MOC). The FGSW includes telemetry handling and command generation.

· The Planning Tool (PT), which schedules on-board instrument events, including constraint checking.

· The Instrument Data Processing System (DPS), which consists of all the software and hardware that control the data processing, archiving, and distribution of information received from SECCHI during live flight operations.

· The Flight Software, which:

· controls the execution of the uplinked SECCHI observing program schedule; 

· activates and controls the operation of the five (5) observing telescopes, the two (2) Charge-Coupled Device (CCD) cameras, and associated supporting mechanisms; 

· performs image processing, compression, and transferal of the images to the hosting STEREO spacecraft for later downlink to Earth; 

· maintains the health and safety of the SECCHI instrument; and

· acquires measurement data from the GT and transfers it to the spacecraft for distribution to the spacecraft Guidance and Control (G&C) system to provide spacecraft pointing accuracy.

1.3 Mission Objectives

The SECCHI Instrument Suite is required to meet the following science objectives for the STEREO mission. This list of the STEREO mission science objectives has been taken from Section 3.1 of the STEREO Mission Requirements Document (MRD) (460-RQMT-0001). 

Table 1‑1 STEREO Mission Science Objectives

	Number
	Objective

	1
	Understand the causes and mechanisms of CME initiation.

	2
	Characterize the propagation of CMEs through the heliosphere.

	3
	Discover the mechanisms and sites of energetic particle acceleration.

	4
	Develop a three-dimensional, time-dependent model of the magnetic topology, density, and velocity structure of the ambient solar wind.


1.4 STEREO Science Measurement Requirements

The STEREO Science Measurement Requirements, which are documented in Section 4.7 of the STEREO MRD (460-RQMT-0001), are imposed on science metrics that are derived from the SECCHI telescope images. The SECCHI Instrument Suite performance and the Ground Software post-processing algorithms will be designed to satisfy the following STEREO Science Measurement Requirements. The numbers in the left column of Table 1‑2 correspond to the science objectives listed in Table 1‑1. 

Table 1‑2  STEREO Science Objective/ Science Measurement Requirements Correlations

	Measurement Requirement Number
	STEREO Mission Science Measurement Requirement

	1A
	Determine the CME initiation time to an accuracy of order 10 minutes.

	1B
	Determine the location of the CME initiation to within ±5 deg of solar latitude and longitude.

	2C
	Determine the evolution of the CME mass distribution and the longitudinal extent to an accuracy of ±5 deg as it propagates in the low corona, the upper corona and the interplanetary medium.

	2D
	Determine the CME and magnetohydrodynamic (MHD) shock speeds accurate to ±10% as it propagates in the low corona, the upper corona and the interplanetary medium. 

	2E
	Determine the direction of the CME and MHD shock propagation to within ±5 deg of latitude and longitude as the CME evolves in the low corona, the upper corona and the interplanetary medium.

	4J
	Obtain a time series of the solar wind speed accurate to ±10% at two (2) points separated in solar longitude.


These Science Measurement Requirements are based on the definitions of the low corona, the upper corona, and the interplanetary medium. The low corona is assumed to be a spherical shell that extends from the chromospheric disk to 3.0 Rsun, the center of which is at the Sun geometric center. The upper corona is defined as a spherical shell that extends from 3.0 Rsun to 13.5 Rsun, the center of which is at the Sun geometric center. For the SECCHI telescopes, the interplanetary medium is a subset of a region in space that is defined by a cone with a 15° half angle, the tip of which lies at the Sun geometric center and the centerline of which extends from the Sun geometric center to the Earth geometric center. The interplanetary medium will only begin above the upper corona and extend from 13.5 Rsun to 215.0 Rsun along the Sun-Earth line. 

Figure 1‑1 gives a visual description of the low corona, the upper corona, and the interplanetary medium that will define the SECCHI instrument coverage regions.
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Figure 1‑1  Description of Coronal / Heliospheric Regions

1.5 SECCHI Observation Requirements

The telescopes in the SECCHI Instrument Suite are capable of taking extreme ultraviolet (EUV) emission images of the chromospheric disk and in the low corona, and of taking Thomson-scattered (TS) visible light images in the low corona, the upper corona and the interplanetary medium. The intensity measurements of the EUV emission images are related to the density along the line of sight (LOS) and the temperature of the solar structures on the solar disk and in the low corona. The total brightness measurements of the TS visible light images are related to the density along the LOS in the coronal and heliospheric regions. The visible light signal is the sum of the Thomson-scattered light from electrons, light scattered by dust, starlight, and instrumental straylight.

To determine the origins of CMEs and solar wind acceleration, the SECCHI Instrument Suite will need to be able to measure solar features on the chromospheric disks. These features include solar prominences, coronal holes, coronal loops, solar active regions, and X-ray bright points. The SECCHI Instrument Suite will observe the emissions of solar plasma over an overall temperature range of at least 0.08 to 2.8 106 K. 
2 Applicable Documents

The SECCHI Instrument Suite must satisfy the science requirements and mission requirements defined in the following documents. Only specific sections for some requirements documents provide requirements that are directly applicable for this document. The specific sections of those requirements documents that are directly applicable to this document are indicated in the "Requirements Sections" column of Table 2‑1. In addition, all SECCHI documentation will adhere to the procedures described in the SECCHI Configuration Management Plan (7906-PLN-9-0-0002).

Table 2‑1  Requirements Documents

	Controlling Organization / Document Number
	Document Title
	Revision /
Revision Date
	Requirements Sections

	GSFC 460-RQMT-0001
	STEREO Mission Requirements Document (MRD)
	
	N/A

	NRL 7906-PLN-9-0-0002
	SECCHI Configuration Management Plan 
	
	N/A

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2.1 Reference Documents

The following documents are referenced in this SECCHI Science Operations Manual. 

Table 2‑2  Reference Documents

	Controlling Organization / Document Number
	Document Title
	Revision /
Revision Date
	Referenced Sections

	GSFC 460-RQMT-0001
	STEREO MRD
	
	N/A

	NRL 7906-PLN-9-0-0002
	SECCHI Configuration Management Plan.
	
	N/A

	NRL 7906-RPT-9-0-0009
	SECCHI System Requirements Document (SRD) 
	
	N/A

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2.2 Document Configuration
This document represents the current baseline for the SECCHI Science Operations and related requirements. After this document is formally released, it will be revised using the formal change control procedures described in the SECCHI Configuration Management Plan (7906-PLN-9-0-0002).

3 Functional operations

3.1 Commanding 

Commands that control the SECCHI Instrument Suite are divided into categories based on the complexity of their operations. The categories are simple, complex, or and sequence. 

3.1.1 Simple Commands

Simple commands affect one mechanism, camera, or software task. These commands are diagnostic commands or unusual modes of operation where finer control of a process is desired, e.g. an unusual door opening procedure in which the door stops at the halfway-open position rather than continuing to the fully open position. halfway open rather than opening fully. Although it would be possible to take images via individual commands, it would not be the usual method of operations.  Although simple commands could be used for operations such as capturing images, this is not the usual or preferred method of operations. Complex or sequence commands are better suited to control /direct more complex tasks, such as image capture.

Table 3‑1 presents a list of the simple commands that control the SECCHI Instrument Suite operations.]

Table 3‑1 Simple Commands

	Name
	Description

	Reset Mechanism
	Reset a single Mechanism

	Read Mechanism Encoder
	Read the Encoder of a single Mechanism

	Move Mechanism
	Move a mechanism with parameters – CW or CCW, N steps or using encoder

	Mechanism Status
	Report Mechanism status

	Camera Status
	Report Camera Status

	Load Camera Waveform Table
	Load the Camera Waveform table

	Dump Camera Waveform Table
	Dump the Camera Waveform table

	Camera Clear
	Clear the CCD – Run sequences of waveforms to clear camera – e.g. 2048 vertical transfers at high speed

	Camera Readout
	Run sequences of  waveforms to readout camera – e.g. 2048 vertical transfers with 2048 serial reads between each vertical transfer

	IEEE 1553 status
	Report Spacecraft (S/C) – SEB status

	IEEE 1355 status
	Report SEB-Spacewire link status


CW

Clockwise
CCW
Counter-Clockwise

3.1.2 Complex Commands

Complex commands are commands that build on the simple commands. For example, a complex command would use the simple commands to take an image with an exposure time and filter wheel setting, and specify the image processing. A daily observing schedule could consist of a series of complex commands. [Should there be a discussion of the LEDs here to provide some context for the tables that follow?]

Table 3‑2 presents a list of the simple commands that control the SECCHI Instrument Suite operations. Table 3‑3 presents a list of the Light-emitting Diodes (LEDs) and their locations.]

Table 3‑2  Complex Commands

	Name
	Description

	Take Normal Sky Image
	Take image of the sky with a single telescope
Parameters: Camera, Mechanism Positions, Camera Setup Table, Image Processing Table, Observation ID

Normal:
Move Polarizer
Move Filter Wheel
Clear CCD
Open Shutter
Expose N seconds
Close Shutter
Readout CCD

Note: EUVI has a Filter Wheel and Quadrant Sector Wheel.
COR1 and COR2 have a Polarizer Wheel.
The HI-1 and HI-2 telescopes do not have a shutter, a polarizer or filter wheels.

	Take Double Exposure Image
	Parameters: Camera, Mechanism Positions for Exposure 1 and Exposure 2, Exposure Table, Camera Setup Table, Image Processing Table, Observation ID 

Double:
Move Polarizer or Sector Wheel
Move Filter Wheel(EUVI only)
Clear CCD
Open Shutter
Expose N1 secs
Close Shutter
Move Polarizer
Open Shutter
Expose N2 seconds
Close Shutter
Readout CCD

	Take Calibration LED Image
	Take Image using Calibration LEDs with a single telescope
Parameters: Camera, Mechanism Positions, Camera Setup Table, Image processing Table, Observation ID

Calibration LED:
Move Polarizer
Move Filter Wheel
Clear CCD
Open Shutter
Pulse LED
Close Shutter
Readout CCD

See LED Table 3‑3.

	Take Dark Image
	Take Dark Image
Parameters: Camera, Mechanism Positions, Camera Setup Table, Image Processing Table, Observation ID

Dark:
Clear CCD
Expose N seconds
Readout CCD

	Take Continuous Mode Image
	Take Continuous Mode Image
Parameters: Camera, Mechanism Positions, Camera Setup Table, Image Processing Table, Observation ID

Continuous:
Move Polarizer
Move Filter
Open Shutter
Clear CCD
Readout CCD
Close Shutter


Table 3‑3  LED Locations and Data 

	Telescope
	LED Enable 
(RED, BLU, PRP)
	Location
Default Door position = Any
	Actual Color

	EUVI
	SCIP_RED_LED_A
	FPA
	Blue

	EUVI
	SCIP_BLU_LED_A
	Telescope
	Blue

	EUVI
	SCIP_PRP_LED_A
	Telescope
	Purple

	COR1
	SCIP_RED_LED_A
	FPA
	Red

	COR1
	SCIP_BLU_LED_A
	FPA
	Blue

	COR1
	SCIP_PRP_LED_A
	FPA
	Violet

	COR2
	SCIP_RED_LED_A
	Telescope 
Door Closed Only
	Red

	COR2
	SCIP_BLU_LED_A
	FPA
	Blue

	COR2
	SCIP_PRP_LED_A
	FPA
	Red

	HI-1
	HI_RED_LED_A
	FPA
	Red

	HI-1
	HI_BLU_LED_A
	FPA
	Blue

	HI-1
	HI_PRP_LED_A
	FPA
	Violet

	HI-2
	HI_RED_LED_A
	FPA
	Red

	HI-2
	HI_BLU_LED_A
	FPA
	Blue

	HI-2
	HI_PRP_LED_A
	FPA
	Violet


Note: 

1. The position of the LEDs varies within the various telescopes. A shutter open and close will be needed for LEDS that are mounted on the door or forward of the shutter (Telescope mounted). No shutter movement will be needed for LEDs mounted in back of the shutter (FPA mounted).

2. LED exposure times vary from (0-4095 pulses) * 20 usecs/pulse. Longer durations are possible but there is a pause for flight software and the Housekeeping (HKP) hardware to reset the LED pulse counter (6 ms) for each set of 0-4095 pulses.

3. COR2 has a set of LEDs used for ground test only that are not controlled by flight software and are not in this table.

3.1.3 Sequence Commands

Sequence commands are would be blocks of complex commands that take multiple images. For example, the Take SCIP Sequence and Take HI Sequence commands are shorthand for the commonly scheduled SCIP polarizer sequences and color sequences, and HI commands. A more flexible method of scheduling images would use schedule blocks (see Section 3.2) to do the equivalent scheduling. 

The Observation ID parameter is assigned from the ground and returned to the ground as an aid to planning, data reduction and archiving. It is simply an unsigned integer used to identify the observing campaign or observing proposal that generated the scheduled image. The image sequence commands will pass the observation ID to the complex commands of the sequence.

Table 3‑4  Sequence Commands

	Name
	Description

	Take Sequence of SCIP Images
	Polarizer sequence or EUVI wavelength sequence from a single telescope

	Take Sequence of HI Images
	HI-1 and HI-2 image sequences involving one telescope

	Block Sequence
	Execute block of commands from Block Schedule table


3.2 Command Scheduling 

Commands may be issued within an operational sequence, for example, to execute after a specific task or operation has been initiated or completed, or they may be scheduled with a time tag. Any command, simple, complex, or sequence, may be time tagged. Command scheduling is done by either absolute time or relative time. 

Relative time-tagged commands allow the user to specify a time offset from a specific time, e.g. do this command 32 minutes after 01:00:10 UTC. This type of time tagged command is useful for repeating frequently used sequences of commands such as a daily synoptic schedule.

Absolute time-tagged commands execute at specific, denoted times. 

The Flight Software (FSW) converts relative time-tagged commands to absolute time-tagged commands internally prior to executing the command with the absolute time recorded in the image header. 

The FSW will have schedule blocks that contain relative commands that can be triggered at a given absolute time. The schedule blocks are relative time sequences and are created by the SECCHI planning tool. They can be of any length, and are stored as files.   The file format and commands within the files are described in the SECCHI Planning Tool interface (Section 7).  Additional information about file naming conventions is provided in Section 6.1 of this document. ]. A sample schedule block command could be “schedule commands from the schedule block file XXXXXXXX.YYY at 02:10:32”. Typically, this type of command would be used to put observations [observation times?] onto the schedule timelines as a default schedule or as the schedule for a block of time.

Each file begins and ends with a Start and End token to enable confirmation that the complete file is transmitted and received intact.

The SECCHI Camera Electronics Boxes (CEBs) are managed by separate timelines since the electronics are designed to read-out one CCD per CEB at a time. Each CEB timeline is a linked list. Time-tagged entries are put into the timelines in time order. Relative time-tagged commands are placed on the timeline after being converted to absolute time tagged commands by the FSW.

Table 3‑5  Schedule and Image Taking Support

	Name
	Description

	SCIP Timeline
	Time Ordered Linked List for SCIP image taking

	HI Timeline
	Time Ordered Linked List for HI image taking

	Block Schedule Commands
	Relative Time Tagged Blocks of Commands to execute


3.3 Schedule Constraints and Conflicts

Schedule constraints will be managed on the ground. However, the FSW is designed so that an erroneous schedule that violates a constraint will continue although with an error in image timing.

3.3.1 CEB Constraints

1. Due to the design of the SEB, only one telescope from each CEB can be in readout mode at the same time, for example one (1) CCD from the SCIP CEB and one (1) CCD from the HI CEB. For scheduling purposes, the FSW will keep a separate timeline for each CEB. 

2. The PT will have to manage these timelines to ensure there is no overlap in the camera readout for each CEB. Schedule conflicts may occur until the ground software (GSW) and operators get good input data on the length of time necessary to do various tasks. 

3. In the event that the start time of an image passes without an image being captured, the camera controller will take images in sequence as fast as possible until it is back on schedule. The camera controller will not skip an image in order to stay on schedule.

3.3.2 LED Constraints

1. The electronics can control only one calibration LED at a time. Calibration LED images across the entire suite of five (5) telescopes must be staggered.

2. LED images will be delayed until the LED Controller is available.

3. No other exposures in any telescope may be in progress when an LED is being used because the LED Controller leaks current to the ‘off’ LEDs and produces some light in other telescopes.

4. For LEDs requiring shutter operation, the Mechanisms Electronics Box (MEB) can natively time up to 1.024 msec * 65535  = 67.1 sec. The shutter LEDs should not have LED exposure times (including the 6 ms reset per 4095 pulses) exceeding 67.1 secs. 

3.3.3 Door Constraints

1. The SCIP doors are subject to overheating.  They must not be operated without a cool down period between door operations.  Ideally they are allowed to cool 15 minutes in vacuum (as of 1/8/2006 TBR) after a door open or door close operation i.e. a large number of steps.

2. The cool down time is estimated prior to door operation and consists of two parts, the time to operate the door plus the time to cool down.  The door operation time is the estimated to be the number of steps divided by the step frequency (either 100 or 125 Hz).  The door cool down time is estimated to be 110 msec per step or the max wait time (45 minutes TBR).  A typical door open or close takes a maximum of 70 secs (8750 steps at 125 Hz).  The max wait time is stored in the EEPROM data vault, as is the cool down time in UTC.  The data vault cool-down time will prevent door operations until after the cool down time.

3. The door encoders can read in-transit rather than closed after a door open/close operation due to the hardware sensing the encoder as opened/closed and immediately stopping the stepper motor.  The door then relaxes back to an in-transit encoder reading.  The software has been modified to apply additional steps in open loop mode to get the encoder to read opened/closed.  This open loop motion is an exemption to the 15 minute cool down constraint.

4. Autonomy rules may close doors and record times in the data vault.  It is recommended to check the time in the data vault is there is any question about whether the time out period has expired.

5. Some door encoders require two commands to read Open or Closed.  This is due to a hardware problem that is not easily corrected in software.  The door will likely read In Transit after a single door command.   

Table 3-6 Door Encoder Command Table (TBR)

	Door
	Number of Commands
	Additional Steps

	STEREO-A EUVI
	1
	0

	STEREO–A COR1
	1
	0

	STEREO-A COR2
	1
	0

	STEREO-B EUVI
	2
	250

	STEREO-B COR1
	1
	0

	STEREO-B COR2
	1
	0


4 Parameter Tables 
Parameter tables are used to control the setup of the cameras, mechanisms, exposure times and image processing. parameters.  Each of the tables has a set of commands to load, dump, and change entries in the table using the FSW Table Management software. Tables 4-1 and 4-2 describe the SECCHI Image Parameter and Housekeeping tables, respectively. Each of the Image Parameter and Housekeeping tables described contains a set of FSW Table Management commands to load, dump, and change entries.

Table 4‑1  SECCHI Image Parameter Tables

	Table Name
	Description 

	Sky Exposure Table
	Exposure Times for all filter/sector wheel combinations of sky exposures (7 per telescope)

Note: 
Dark and LED exposure times are commanded and do not use this table.
SCIP exposure times are in units of 1.024 msec.
HI exposure times are in units of 2 msec.

	Occulter and Region of Interest Mask Tables
	Map of 64x64 pixel blocks NOT sent to Earth due to occulter blockage. Each block is represented by a single bit in an array representing the CCD overscan and imaging areas (5 masks @ 73 words / mask for each telescope).
Region of Interest mask 0 is used by default and contains the occulter mask.

Occulters are used only with Rice and H-Compress image compression.

	Camera Setup Tables
	Camera Setup Data including Region of Interest, Binning, Serial Port Clocking, Waveform Generator Control, and Waveform Table (7 per telescope)

	Image Processing Tables
	Table of Image Processing Sequences specifying what processing is done to a raw CCD image

	Wavelet Compression Scale Factor 
	Table of Scale Factors for H-Compress Image Compression

Table of parameters for ICER Image compression

	Light Travel Time Offset
	Time offsets as a function of time to compensate for light travel time

	Guide Telescope Table
	Calibration factors for the Guide Telescope

	Event Detection Threshold
	A Map of threshold brightness for CME detection (1 per telescope)

Also contains thresholds for IP functions Compression Adjustment and Automatic Exposure Adjustment

	Camera Readout Table Delay
	Table of time required to execute each of the eight (8) possible camera readout tables (1 per telescope)


Table 4‑2  Housekeeping Tables

	Name
	Description

	Thermal PID parameters
	Heater control parameters

	Voltage and Temperature Limits
	High and Low Limits for Health and Safety Monitoring


4.1 Table Notes

4.1.1 Light Travel Time

Each of STEREO-A and STEREO-B has a light travel time offset table which contains epoch and the corresponding light travel time offset to be added to the UTC schedule.  The light travel time offset is always a positive number of milliseconds.  The tables are used to adjust the relative times that images are taken.  

The table contains room for 100 epoches and 100 offsets.  Since the offsets are dependent on the distance from the Sun, the table should be updated when the orbital elements are updated e.g. thruster firings and, of course at the end of the epoch range.  A predicted set of elements was used to compute the orbits for STEREO A and B for Jan 1, 2007 to March 30, 2007 (e.g. during the middle of the mission after reaching solar orbit).  The difference in light travel time between the two spacecraft varied by about half a second per day during this period.  Since there is a STEREO mission requirement to maintain the ability to synchronize images to 1 second, this  table must be maintained to one second or preferably better than one second for any particular day.  For this epoch range, a table update frequency of once per 100 days would be adequate.

For STEREO-A, which is closest to the Sun, the offset should be zero; the planning tool times will be executed as is.  For a earth based telescope to be synchronized it would have to open it's shutter later and STEREO-B longer still.  For example if an image is taken at noon on STEREO-A, a synchronized image might be taken at noon + 30 sec on earth and noon + 60 sec on STEREO-B, the outer spacecraft. At present the planning tool provides a single schedule for all observers.  The light travel times for STEREO-A, STEREO-B and earth based telescopes are applied at the telescope rather than by providing separate schedules based on location.

Since the offset is applied to all observations at the telescope it is possible to adjust the image taking of STEREO-A versus STEREO-B by changing the offset times.  This could be done if it is discovered that STEREO-A or STEREO-B timekeeping is consistently early or late.  In this case the STEREO-A light travel time offsets might be non-zero. 

4.1.2 Camera Setup Table

This table contains the camera setup parameters including camera gain, offset, and mode.  It also contains information that is determined from CEB tables such as image dimensions, CEB summing.

Each telescope has seven rows of parameters for a total of 35 rows for the entire suite of SECCHI telescopes.  Since the CEB can have eight different tables with one reserved for clearing the CCD this table design matches the CEB hardware.  Each telescope can  have different CEB tables by using a GSW procedure to load the CEB with a table specific to a telescope in operations mode.  Each time a CEB table is changed the appropriate changes must be made in this table and in the camera readout table.

There are two kinds of CEB tables, wavetables and waveforms.  The waveforms are low level tables that control the CCD sequencer.  An example of a waveform would be one that does a vertical transfer of one row.  The CEB is loaded with ten waveforms at boot time.  The CEB has eight wave tables that are scripts with looping to execute the waveforms.  For example, as part of the process of reading out 1000 rows of the CCD there would be 1000 calls to execute the vertical transfer waveform using a loop.

5 Image taking, processing, and numbering

This section describes how the FSW takes images, does image processing and produces an output file.  Output file names and their use in directing images to the SSR, SWB or real-time channels is described.  

5.1 Description of Image Taking in Flight Software

The image header is the basic source of information for image taking. When a schedule file is received from the PT by the Flight Image Scheduling routines, the information in the schedule file is parsed and put in the image header.  If the schedule file refers to a parameter in a table, the parameter is extracted from the table and put into the image header. The timeline itself is a set of image headers kept as a linked list. The image headers contain flags for managing the process flow and the timeline serves as a database for recording the progress of image taking as well as the commanded and actual values of parameters.

When the time for an image approaches, the image scheduling routine calls the appropriate CEB software, either SCIP or HI, which is responsible for the taking the exposure at the proper time and sending the proper commands to the MEB to move mechanisms, clear the CCD, expose the image, and readout the CCD. The SCIP and HI control software has the ability to queue images by time and resolve time conflicts if there is a scheduling error. Table 5‑1 provides an example.

Table 5‑1  Example: Detailed EUVI Sequence of Events

	Step
	Event

	1.
	Image Header passed to SCIP control software

	2.
	SCIP control examines header, waits until a worst case movement time prior to time of exposure, then moves mechanisms

	3.
	Fine Pointing System (FPS) ON

	4.
	CCD is cleared (wait for time provided in camera table)

	5.
	Shutter Open after wait for CCD clear

	6.
	Exposure

	7.
	Shutter Closed

	8.
	CCD readout begins after wait for shutter close

	9.
	FPS OFF

	10.
	Image Header is filled in with actual times and mechanism positions from MEB


Notes:

1) Mechanism commands are logged to the millisec.

2) Waits noted above are presently delays that require tuning prior to flight. As of 8/9/2004, the clear wait time (#4 above) is 1470 msec and is provided as a parameter by the camera readout table. The value is derived by calculation by the author of the table. The Exposure (#6 above) duration has an estimated 100 msec of wait for SCIP MEB commanding (do not include for SCIP dark or LED exposures) and status in addition to the commanded exposure time. The CCD readout (#8 above) takes four (4) commands to setup at approximately 1.2 msec each, totaling 4.8 msec. Exposure Duration = (commanded duration in image header in msec) + (100 msec for SCIP MEB) + 4.8 msec   Exposures that to not use the MEB (dark, LED or HI) should not include the 100 msec MEB delay) in the exposure duration.

After an image is taken, an image header flag is set and the image processing and image compression is done. After the image has been sent to the downlink software, the image header is freed from the linked list and put into the pool of free headers.   

5.2 Image Processing Functions

After an image is read out, it must go through image processing. The image processing software works much like a pocket calculator with each function operating on an image instead of a number. Also, like as with calculator memory registers, there are various image buffers that the calculator can use as input or output.  

Nominally the Current Image Buffer is the image being processed.  However the processing of the current image can involve other buffers when images need to be saved, summed or differenced.  The HI summing buffers are used for summing HI image sequences.  Since many HI images are summed these buffers are 32 bits/pixel to prevent overflow during the summing.  The camera buffers serve as a pool of storage for images from all the cameras and are assigned when the image is sent to the camera controllers.  Camera image buffers are managed by image scheduling (IS) and are released back to the pool when image processing of that image is done or saved by the image processing task (IP) for later summing or differencing with the current image buffer.  Up to five images can by saved.  This feature can also be done manually if some portion of SWIC memory becomes unusable and it becomes necessary to exclude it from further use.   

Table 5‑2 Image Buffers

	Name
	Number
	Memory Location
	Function
	Size
	Notes

	Current Image Buffer
	1
	RAD750
	Image Processing
	2176 x 2176 16bits/pixel
	Managed by IP task

IP functions generally operate on the image in this buffer

	HI-1 Summing Buffer
	1
	RAD750
	HI Summing Buffer
	1024 x 1024 32 bits/pixel
	Managed by IP task

	HI-2 Summing Buffer
	1
	RAD750
	HI Summing Buffer
	1024 x 1024 32 bits/pixel
	Managed by IP task

	Camera Buffers
	27
	SWIC Card
	Camera Image Buffers
	2176 x 2176 16bits/pixel
	Managed by IS and IP task

Up to 5 saved buffers


The image processing is very flexible since the same image can be processed in several ways and for several purposes, or several images can be processed only after the last is taken.  For instance the same image may be used for automatic exposure control and event detection as well as being sent to the ground. 

All of the image processing functions used are noted and sent to the ground in the image header. The image header contains all the observation parameters needed for data reduction on the ground, including CCD parameters, observation time, region of interest, filter, polarizer, and sector wheel positions and GT data.

Image compression also implies that the image is ready for downlink. After image compression, subsequent image processing may occur with the original image as the starting point. However, pixel summing of an image, divide by 2 and divide by 4 will destroy the original image, so these commands can only be used the last time an image is downlinked. 

Additional descriptions of the image processing functions use are in Section 5.3.

Table 5‑3  Image Processing Functions

	Number
	Hex
	Name
	Description

	0
	0x00
	No Operation
	Signals End of Image Processing

	1
	0x01
	Divide by 2
	Divide each pixel value by 2. May be applied multiple times to an image.

	2
	0x02
	Square Root
	Square Root of each pixel

	3
	0x03
	Pixel Summing
	Sum 2x2 pixels.  May be applied multiple times

	4
	0x04
	Event Detect Threshold
	Do Event Detect using current image. Calculate sum of each 64x64 pixel block and compare to value for block in Threshold table for event detection.  Event is detected if 50 blocks exceed threshold.  Successful event detection stops writing to SSR2 for 10 days.  Enable/disable of SSR2 writing can be done via ground command (IPSSR2ENB/IPSSR2DIS). 

	5
	0x05
	Header Only
	Send to Ground Image Header only

	6
	0x06
	No Compression
	Send to Ground with No Compression but with Image blocking

	7
	0x07
	Rice Compression
	Send to Ground with Rice Compression

	8
	0x08
	H-compress – scale factor[0]
	Send to Ground with H – Compress (see Note 2 below)

	9
	0x09
	H-compress - scale factor[1]
	Send to Ground with H – Compress (see Note 2 below)

	10
	0x0A
	H-compress - scale factor[2]
	Send to Ground with H – Compress (see Note 2 below)

	11
	0x0B
	H-compress - scale factor[3]
	Send to Ground with H – Compress (see Note 2 below)

	12
	0x0C
	H-compress - scale factor[4]
	Send to Ground with H – Compress (see Note 2 below)

	13
	0x0D
	H-compress - scale factor[5]
	Send to Ground with H – Compress (see Note 2 below)

	14
	0x0E
	H-compress - scale factor[6]
	Send to Ground with H – Compress (see Note 2 below)

	15
	0x0F
	H-compress - scale factor[7]
	Send to Ground with H – Compress (see Note 2 below)

	16
	0x10
	H-compress - scale factor[8]
	Send to Ground with H – Compress (see Note 2 below)

	17
	0x11
	H-compress - scale factor[9]
	Send to Ground with H – Compress (see Note 2 below)

	18
	0x12
	Debug Image 0
	Linear gradient test image

	19
	0x13
	Debug Image 1
	Inverse Radial Gradient test image

	20
	0x14
	Debug Image 2
	Radial Gradient – occulter off

	21
	0x15
	Debug Image 3
	Linear gradient test image (0 –16383)

	22
	0x16
	Debug Image 4
	Radial Gradient – 256 DN – occulter on

	23
	0x17
	Debug Image 5
	COR1 Model

	24
	0x18
	Debug Image 6
	COR2 Model

	25
	0x19
	Use ROI 1
	Region of Interest Mask 1 

	26
	0x1A
	Do NOT use ROI Mask Table
	Do NOT mask images with ROI Mask 1-4 table 
Default = No mask

	27
	0x1B
	Use Occulter Mask Table
	Mask images using Occulter Table (same as ROI Mask 0) 
Default = Use ROI 0 mask 

	28
	0x1C
	Do NOT use Occulter Mask Table
	Do NOT use ROI 0 mask images 

	29
	0x1D
	Invert Mask Tables
	Invert the ROI and Occulter Mask Tables before applying mask

	30
	0x1E
	Exposure Time Adjustment
	Analyze image to automatically adjust exposure time

	31
	0x1F
	Cosmic Ray Scrub (2 Image)
	(HI only) Remove point sources by comparing successive images.  Points not found in last image are removed.

	32
	0x20
	Brightness
	Calculate Brightness image from polarized images.  This is a weighted sum of images. (see Note 3)

	33
	0x21
	Clear HI-1 Summing Buffer
	Zero the summing buffer

	34
	0x22
	Add image to HI-1 Summing Buffer
	A weighted sum of multiple images.  The weighting is designed to make the best use of the range of the summing buffer. (see Note 3)

	35
	0x23
	Clear HI-2 Summing Buffer
	Zero the summing buffer

	36
	0x24
	Add image to HI-2 Summing Buffer
	A weighted sum of multiple images. .  The weighting is designed to make the best use of the range of the summing buffer. (see Note 3)

	37
	0x25
	Use HI-1 Summing Buffer as Output
	

	38
	0x26
	Use HI-2 Summing Buffer as Output
	

	39
	0x27
	Use SSR1+Real-Time APID
	Select S/C downlink

	40
	0x28
	Use SpaceWeather APID
	Select S/C downlink

	41
	0x29
	Use SSR1 APID
	Select S/C downlink (default)

	42
	0x2A
	Use SSR2 APID
	Select S/C downlink

	43
	0x2B
	Ground Test 
	Select Ground Test Spacewire link

	44
	0x2C
	Raw
	Raw Image

	45
	0x2D
	Use ROI 2
	Region of Interest Mask 2

	46
	0x2E
	Use ROI 3
	Region of Interest Mask 3

	47
	0x2F
	Use ROI 4
	Region of Interest Mask 4

	48
	0x30
	Cosmic Ray Scrub (3 Image)
	(HI only) Remove point sources by comparing successive images.  Points not found in last two images are removed.

	49
	0x31
	Divide by 2 conditional
	Divide image by 2 if any pixel > 32767 (noted in Image Header as Divide by 2 if  true)

	50
	0x32
	Divide by 4
	Divide by 4

	51
	0x33
	Divide by 4 conditional
	Divide image by 4 if any pixel is > 16383 (noted in Image header as Divide by 4 if true)

	52
	0x34
	Divide by 4 conditional + Pixel Sum
	Divide by 4 conditional followed by pixel sum

Image Header reports Pixel Sum (PSUM) if divide by 4 is not done or DIV4PSUM

	53
	0x35
	Pixel Sum + Divide by 4
	Pixel Sum followed by Divide by 4

	54
	0x36
	Disable SSR2
	Prevent writing to SSR2.  Useful for special observing programs.

	55
	0x37
	Enable SSR2
	Enable writing to SSR2. Useful for special observing programs.

	56
	0x38
	Tag as Saved Image 0
	Save current image buffer as Saved Image 0

	57
	0x39
	Tag as Saved Image 1
	Save current image buffer as Saved Image 1

	58
	0x3A
	Tag as Saved Image 2
	Save current image buffer as Saved Image 2

	59
	0x3B
	Tag as Saved Image 3
	Save current image buffer as Saved Image 3

	60
	0x3C
	Tag as Saved Image 4
	Save current image buffer as Saved Image 4

	61
	0x3D
	Sum Saved Image 0 to Current Image
	

	62
	0x3E
	Sum Saved Image 1 to Current Image
	

	63
	0x3F
	Sum Saved Image 2 to Current Image
	

	64
	0x40
	Sum Saved Image 3 to Current Image
	

	65
	0x41
	Sum Saved Image 4 to Current Image
	

	66
	0x42
	Subtract Saved Image 0 from Current Image
	

	67
	0x43
	Subtract Saved Image 1 from Current Image
	

	68
	0x44
	Subtract Saved Image 2 from Current Image 
	

	69
	0x45
	Subtract Saved Image 3 from Current Image
	

	70
	0x46
	Subtract Saved Image 4 from Current Image
	

	71
	0x47
	Release Saved Image 0
	Reuse Saved Image 0 memory, put back into Image buffer pool

	72

	0x48
	Release Saved Image 1
	Reuse Saved Image 1memory, put back into Image buffer pool

	73
	0x49
	Release Saved Image 2
	Reuse Saved Image 2 memory, put back into Image buffer pool

	74
	0x4A
	Release Saved Image 3
	Reuse Saved Image 3 memory, put back into Image buffer pool

	75
	0x4B
	Release Saved Image 4
	Reuse Saved Image 4 memory, put back into Image buffer pool

	76
	0x4C
	Trim
	Remove underscan and overscan pixels – Resize image

	77
	0x4D
	Compression Adjust
	A number of cosmic ray hits can be specified for each of H-Compress scale factor.  This command will use the proper H-Compress scale factor based on the number of cosmic rays scrubbed by HI. 

	78
	0x4E
	HI1 Square Root
	Take Square Root of HI 1 summing Buffer (reduce 32-bit integers to 16 bit integers)

	79
	0x4F
	HI2 Square Root
	Take Square Root of HI 2 summing Buffer (reduce 32-bit integers to 16 bit integers)

	80
	0x50
	HI Summing Buffer  1 to 16 bit
	Divide 32 bit Summing Buffer Image by power of 2 to convert to 16 bit image

Report divisor by in IP Log as IP_32DIV2, IP_32DIV4 etc.

	81
	0x51
	HI Summing Buffer 2 to 16 bit
	Divide 32 bit Summing Buffer Image by power of 2 to convert to 16 bit image

Report divisor by in IP Log as IP_32DIV2, IP_32DIV4 etc.

	82
	0x52
	IP_32DIV2
	Used for reporting Divisor used by IP C0mmand 0x48 and 0x48. Never uploaded

	83
	0x53
	IP_32DIV4
	Used for reporting Divisor used by IP C0mmand 0x48 and 0x48. Never uploaded

	84
	0x54
	IP_32DIV8
	Used for reporting Divisor used by IP C0mmand 0x48 and 0x48. Never uploaded

	85
	0x55
	IP_32DIV16
	Used for reporting Divisor used by IP C0mmand 0x48 and 0x48. Never uploaded

	86
	0x56
	IP_32DIV32
	Used for reporting Divisor used by IP C0mmand 0x48 and 0x48. Never uploaded

	87
	0x57
	IP_32DIV64
	Used for reporting Divisor used by IP C0mmand 0x48 and 0x48. Never uploaded

	88
	0x58
	IP_32DIV128
	Used for reporting Divisor used by IP C0mmand 0x48 and 0x48. Never uploaded

	89
	0x59
	Image Test Inject
	Test Routine which injects linear gradient into current SWIC Image IMemory Buffer

	90
	0x5A
	ICER
	ICER Image Compression parameter set 0

	91
	0x5B
	ICER
	ICER Image Compression parameter set 1

	92
	0x5C.
	ICER
	ICER Image Compression parameter set 2

	93
	0x5D
	ICER
	ICER Image Compression parameter set 3

	94
	0x5E
	ICER
	ICER Image Compression parameter set 4

	95
	0x5F
	ICER
	ICER Image Compression parameter set 5

	96
	0x60
	ICER
	ICER Image Compression parameter set 6

	97
	0x61
	ICER
	ICER Image Compression parameter set 7

	98
	0x62
	ICER
	ICER Image Compression parameter set 8

	99
	0x63
	ICER
	ICER Image Compression parameter set 9

	100
	0x64
	ICER
	ICER Image Compression parameter set 10

	101
	0x65
	ICER
	ICER Image Compression parameter set 11

	102
	0x66
	ICER
	ICER Image Compression Auto Selection

A number of cosmic ray hits can be specified for each ICER set.  This command will use the proper ICER parameter based on the number of cosmic rays scrubbed by HI.

	103
	0x67
	Subtract Bias
	Subtract CCD Bias

	104
	0x68
	Poisson
	Poission Recoding

	105
	0x69
	Auto Exposure Reset
	Tells IS to reset Auto exposure to nominal

	106
	0x6A
	ICER Filter A
	Adjust Dynamic Range for ICER Filter A if needed divide by 2

	107
	0x6B
	ICER Filter B
	Adjust Dynamic Range for ICER Filter B if needed divide by 2

	108
	0x6C
	ICER Filter C
	Adjust Dynamic Range for ICER Filter C if needed divide by 2

	109
	0x6D
	ICER Filter D
	Adjust Dynamic Range for ICER Filter D if needed divide by 2

	110
	0x6E
	ICER Filter E
	Adjust Dynamic Range for ICER Filter E if needed divide by 2

	111
	0x6F
	ICER Filter F
	Adjust Dynamic Range for ICER Filter F if needed divide by 2

	112
	0x70
	ICER Filter Q
	Adjust Dynamic Range for ICER Filter Q if needed divide by 2

	113
	0x71
	HI Cosmic Ray Report
	Replace 1st pixels in image with the cosmic ray scrub report

Pixel 1 = number of images N

Pixel 2…N Number of pixels replaced by cosmic ray scrub

Note: use this function after HI1 Output select (37) or HI2 Output select (38)

	114
	0x72
	HI Summing Buffer 1 Filter
	Bad image filter and Add to HI Summing Buffer 1

Images with number of pixels exceeding high threshold will not be added to the summing buffer.  Uses values in exposure adjust table.

	115
	0x73
	HI Summing Buffer 2 Filter
	Bad image filter and Add to HI Summing Buffer 2

Images with number of pixels exceeding high threshold will not be added to the summing buffer.  Uses values in exposure adjust table.

	116
	0x74
	Clear Current Image Buffer
	Clears the IP Current image Buffer (RAD750 memory area where SWIC image is transferred)

This is useful in downlinking summed or multiple images.

	117
	0x75
	Reload Current Image Buffer
	Moves image from SWIC image buffer to IP Current Image Buffer

	118
	0x76
	Divide by 3
	Divide image by 3.

Useful for total brightness images by COR1 and COR2

	119
	0x77
	Divide by 3 Conditional
	Divide image by 3 if any pixel is > 65535/3

	120
	0x78
	32bit high word
	Take HI summing buffer (as determined by Output Summing Buffer command) and put low word image into current image buffer (Warning: overwrites current image)

Note: Must be preceded by OSB1 or OSB2 and sets OutputSource to Work Area

	121
	0x79
	32 bit low word
	Take HI summing buffer (as determined by Output Summing Buffer command) and put low word image into current image buffer (Warning: overwrites current image)

Note: Must be preceded by OSB1 or OSB2 and sets OutputSource to Work Area 

	122
	0x7A
	32 bit hi word 13 bits
	Take HI summing buffer (as determined by Output Summing Buffer command) and put hi 13 bits word image into current image buffer (Warning: overwrites current image)

Note: Must be preceded by OSB1 or OSB2 and sets OutputSource to Work Area

	123
	0x7B
	32 bit lo word 13 bits
	Take HI summing buffer (as determined by Output Summing Buffer command) and put low word 13 bits of image into current image buffer (Warning: overwrites current image)

Note: Must be preceded by OSB1 or OSB2 and sets OutputSource to Work Area

	124
	0x7C
	CRS21
	Set 2 image cosmic ray scrub to use 1 sigma photon noise

	125
	0x7D
	CRS22
	Set 2 image cosmic ray scrub to use 2 sigma photon noise

	126
	0x7E
	CRS23
	Set 2 image cosmic ray scrub to use 3 sigma photon noise

	127
	0x7F
	CRS24
	Set 2 image cosmic ray scrub to use 4 sigma photon noise

	128
	0x80
	CRS25
	Set 2 image cosmic ray scrub to use 5 sigma photon noise

	129
	0x81
	IMGC
	Adds 2*36*36*36 = 2000 base 36 to image counter and is used to generate an alternate science filename for the same image

	130
	Ox82
	Reserved
	Reserved for future use

	253
	0xFD
	Error 
	Recorded in IP log if image is ABORTED or SKIPPED (never commanded by PT)

	254
	0xFE
	Image Skipped 
	Recorded in IP log if image is SKIPPED due to IS task timeout

	255
	0xFF
	Image Aborted
	Recorded in IP log if image is ABORTED due to camera controller  error


Note 1:

ROI

Region of Interest


RT

Real-Time

SSR

Solid State Recorder

Note 2:

H-Compress is a lossy wavelet compression.

        Scale factors are from the Wavelet table.  Scale factor [0] is the zeroth element of the table.

Higher scale factors produce higher compressions.

Note 3. The weighting is determined by an algorithm using the number of images. 

The Image Processing Table has 100 rows with 20 image processing functions per row. Unused functions in the table are filled with No Operation.  There are some rules for composing a valid image processing table:

· Rule 1: Each row should have a destination (SSR1, SSR2, SWB, RT, Ground Test).  This sets the APID of the output filename so that the image can be properly routed to the spacecraft.

· Rule 2: Each table row ends with an Image Compress and Transmit command, e.g. header only, No Compression, Rice, H-Compress, ICER.

· Rule 3: For HI Sequences (those that use HI-1 or HI-2 summing buffers). HI uses three (3) image processing table rows. The HI sequence command from PT will specify a single table for image processing. That table has special definitions for the first two (2) elements to specify the image processing used for succeeding images and the last image in the sequence.  The remainder of the row specifys the processing for the first image in the sequence.

· First element in Image Processing Table row specifies Image Processing table row used for the middle images in the sequence.

· Second element in Image Processing Table row specifies Image Processing table row used for the last image in sequence.

· The flight software will schedule images in the sequence with the proper image processing according to each image’s place in the sequence.

As an aid to validation, there is program called validIPTbl in the SECCHI utils directory that can be used to comment the table with human readable mnemonics from the raw hex code..

Table 5‑4  Default Image Processing Table

;Image Processing table data for functional test

;$Id: imagetbl.img,v 1.62 2006/05/16 22:08:53 wang Exp $

; ## editted from vBLD4_20 (imagetbl.img,v1.31 - 100 lines) ##

;Id: imagetbl.img,v 1.31 2005/04/28 20:05:43 wang Exp  

;Table ID: 38 

;Item: ALL 

;

; Basic SSR1 Set

;  item 0 -  SSR1, Rice  

X02 29 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 1 - SSR1, TRIM, PSUM, Rice 

X04 29 4C 03 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 2 - SSR1, TRIM, PSUM4COND, PSUM4COND, Rice 

X05 29 4C 34 34 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 3 - SSR1, SQRT, Rice 

X03 29 02 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 4 - SSR1, Header Only 

;  Used for Image Timeout Error 

X02 29 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 5 - SSR1, HC3 

X02 29 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;

; Basic SSR2 Set

;  item 6 -  SSR2, TRIM, ICER0  

X03 2A 4C 5A 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 7 - SSR2, TRIM, PSUM, ICER1 

X04 2A 4C 03 5B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 8 - SSR2, TRIM, PSUM4COND, PSUM4COND, ICER2 

X05 2A 4C 34 34 5C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 9 - SSR2, POIS, Rice 

X03 2A 68 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 10 - SSR2, Header Only 

X02 2A 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 11 - SSR2, TRIM, HC3 

X03 2A 4C 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; 

; Basic SW Set

; 128 x 128 SCIP

;  item 12 -  SSR1, TRIM, RICE, SWB, BIAS, PSUM4COND, PSUM4COND, PSUM4COND, PSUM4COND, HC3  

X0A 29 4C 07 28 67 34 34 34 34 0B 00 00 00 00 00 00 00 00 00 00

; 256 x 256 SCIP

;  item 13-  SSR1, TRIM, RICE, SWB, BIAS, PSUM4COND, PSUM4COND, PSUM4COND, HC4

X09 29 4C 07 28 67 34 34 34 0C 00 00 00 00 00 00 00 00 00 00 00

; ICER11 HI-1

;  item 14-  SSR1, CRS, ASB1, OSB1, COSR, Rice, SWB, HI1SQRT, ICER11

X09 29 1F 22 25 71 07 28 4E 65 00 00 00 00 00 00 00 00 00 00 00

; 256 x 256 HI-1

;  item 15-  SSR1, CRS, FASB1, OSB1, COSR, Rice, SWB, HI1SQRT, 

;   PSUM4COND, PSUM4COND, Rice  

X0A 29 1F 25 71 07 28 4E 34 34 07 00 00 00 00 00 00 00 00 00 00

; ICER11 HI-2

;  item 16-  SSR1, CRS, FASB2, OSB2, COSR, Rice, SWB, HI2SQRT, ICER11

X09 29 1F 73 26 71 07 28 4F 65 00 00 00 00 00 00 00 00 00 00 00

; 256 x 256 HI-2

;  item 17-  SSR1, CRS, FASB2, OSB2, COSR, Rice, SWB, HI2SQRT, 

;   PSUM4COND, PSUM4COND, Rice  

X0B 29 1F 73 26 71 07 28 4F 34 34 07 00 00 00 00 00 00 00 00 00

;

; SSR1 Mask Set

;  item 18 - SSR1, No Occulter, Rice  

X03 29 1C 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 19 - SSR1, ROI, Rice       

X03 29 19 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 20-  SSR1, ROI2, Rice 

X03 29 2D 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; Exposure Adjust

;  item 21-  SSR1, EARST, EADJ, ICER6  

X04 29 69 1E 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 22-  SSR1, ROI4, Rice  

X03 29 2F 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; SSR2 Mask Set

;  item 23 - SSR2, No Occulter, Rice  

X03 2A 1C 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 24 - SSR2, ROI, Rice       

X03 2A 19 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 25-  SSR2, ROI2, Rice  

X03 2A 2D 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 26-  SSR2, ROI3, Rice  

X03 2A 2E 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 27-  SSR2, ROI4, Rice  

X03 2A 2F 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; Basic SSR1 + RT Set

;  item 28 - SSR1+RT, Rice    

X02 27 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 29 - SSR1+RT, HC3 

X02 27 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;

; Basic HI-1

;  items 30, 31, 32 are the HI-1 image processing block  

;  item 30 - TBL31, TBL32, SSR1, CSB1, CRS, FASB1, HDR 

X07 1F 20 29 21 1F 72 05 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 31 - SSR1, CRS, FASB1, Header Only 

X04 29 1F 72 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 32 - SSR1, CRS, FASB1, OSB1, COSR, Rice 

X06 29 1F 72 25 71 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; Basic HI-2

;  items 33, 34, 35 are the HI-2 image processing block  

;  item 33 - TBL34, TBL35, SSR1, CSB2, CRS3, FASB2, HDR

X07 22 23 29 23 30 73 05 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 34 - SSR1, CRS3, FASB2, HDR 

X04 29 30 73 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 35 - SSR1, CRS3, FASB2, OSB2, COSR, Rice 

X06 29 30 73 26 71 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;

; Test and Diagnostic

;  item 36 -  SSR1, DBI0, RICE 

X03 29 12 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 37 -  SSR1, DIV4 PSUM, RICE, RELW, SWB, TRIM, ICER9 

X08 29 32 03 07 75 28 4C 63 00 00 00 00 00 00 00 00 00 00 00 00

;  item 38-  SSR1, BIAS, TRIM, FILA, ICER7

X05 29 67 4C 6A 61 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 39 -  SSR2, DBI1, HC3 

X03 2A 13 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;

; Advanced HI-1

;  items 40, 41 are the HI-1 image processing block with SWB 

; TBL40 = HI-1 SWB (ICER)

; TBL41 = 256 x 256 HI-1 SWB

;  item 40 - TBL31, TBL14, SSR1, CSB1, CRS, FASB1, HDR

X07 1F 0E 29 21 1F 72 05 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 41 - TBL31, TBL15, SSR1, CRS, FASB1, HDR 

X07 1F 0F 29 21 1F 72 05 00 00 00 00 00 00 00 00 00 00 00 00 00

; HI-1 CRS3 set

;  item 42 - TBL43, TBL44, SSR1, CSB1, CRS3, FASB1, HDR

X07 2B 2C 29 21 30 72 05 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 43 - SSR1, CRS3, FASB1, HDR

X04 29 30 72 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 44 - SSR1, CRS3, FASB1, OSB1, COSR, Rice

X06 29 30 72 25 71 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;

; Advanced HI-2

;  items 45, 46, 47 are the HI-2 image processing block  

; TBL45 = 128 x 128 HI-2 SWB

; TBL46 = 256 x 256 HI-2 SWB

;  item 45 - TBL34, TBL16, SSR1, CSB2, CRS, FASB2, HDR

X07 22 10 29 23 1F 73 05 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 46 - TBL34, TBL17, SSR1, CSB2, CRS, FASB2, HDR

X07 22 11 29 23 1F 73 05 00 00 00 00 00 00 00 00 00 00 00 00 00

; HI-2 CRS3 Set

;  item 47 - TBL48, TBL49, SSR1, CSB2, CRS3, FASB2, HDR

X07 30 31 29 23 30 73 05 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 48 - SSR1, CRS3, FASB2, HDR

X04 29 30 73 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 49 - SSR1, CRS3, FASB2, OSB2, COSR, Rice

X06 29 30 73 26 71 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;

; H-compress SSR1 Set

;  item 50 -  SSR1, HC1  

X02 29 09 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 51 -  SSR1, HC2  

X02 29 0A 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 52 - SSR1, PSUM, HC3 

X03 29 03 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 53 - SSR1, PSUM4COND, PSUM4COND, HC3 

X04 29 34 34 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 54 - SSR1, SQRT, HC3 

X03 29 02 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 55 - SSR1, PSUM4COND, HC4

X03 29 34 0C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 56 - SSR1, PSUM4COND, PSUM4COND, HC4 

X04 29 34 34 0C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 57 - SSR1, DBI2, ROI3, HC3       

X04 29 14 2E 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 58-  SSR1, ROI2, HC3  

X03 29 2D 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 59-  SSR1, IADJ

X02 29 66 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 60-  SSR1, CADJ

X02 29 4D 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; H-compress SSR2 Set

;  item 61 -  SSR2, HC1  

X02 2A 09 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 62 -  SSR2, HC2  

X02 2A 0A 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 63 - SSR2, PSUM, HC3 

X03 2A 03 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 64 - SSR2, PSUM4COND, PSUM4COND, HC3 

X04 2A 34 34 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 65 - SSR2, SQRT, HC3 

X03 2A 02 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 66 - SSR2, PSUM4COND, HC4

X03 2A 34 0C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 67 - SSR2, PSUM4COND, PSUM4SUM, HC4 

X04 2A 34 34 0C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 68 - SSR2, ROI, HC3       

X03 2A 19 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 69-  SSR2, ROI2, HC3  

X03 2A 2D 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 70-  SSR2, ROI3, HC3  

X03 2A 2E 0B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 71-  SSR2, ICER6

X02 2A 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; **************

; Advanced SWB

; **************

; SSR1 + SWB EUVI intensity reporting

;64 x 64

;  item 72 - SSR1,TRIM, ICER6, RELW, SWB, NOcc,PSUM4COND,PSUM4COND,PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0C 29 4C 60 75 28 1C 34 34 34 34 34 07 00 00 00 00 00 00 00 00

; 128 x 128

;  item 73 - SSR1, TRIM, ICER6, RELW, SWB,TRIM,NOcc,PSUM,PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0C 29 4C 60 75 28 4C 1C 03 34 34 34 07 00 00 00 00 00 00 00 00

; 

; SSR1 Summed EUVI intensity reporting

;64 x 64

;  item 74 - SSR1, TRIM, PSUM, ICER6, RELW, SWB, NOcc,PSUM4COND,PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0C 29 4C 03 60 75 28 1C 34 34 34 34 07 00 00 00 00 00 00 00 00

; 128 x 128

;  item 75 - SSR1, TRIM, PSUM, ICER6, RELW, SWB,NOcc,PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0B 29 4C 03 60 75 28 1C 34 34 34 07 00 00 00 00 00 00 00 00 00

; SSR2 EUVI intensity reporting

;64 x 64

;  item 76 - SSR2 TRIM, ICER6, RELW, SWB, NOcc,PSUM4COND,PSUM4COND,PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0C 2A 4C 60 75 28 1C 34 34 34 34 34 07 00 00 00 00 00 00 00 00

; 128 x 128

;  item 77 - SSR2, TRIM, ICER6, RELW, SWB,NOcc,PSUM4COND,PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0B 2A 4C 60 75 28 1C 34 34 34 34 07 00 00 00 00 00 00 00 00 00

; 

; **************

; SSR2 Summed EUVI intensity reporting

; **************

;64 x 64

;  item 78 - SSR2, TRIM, ICER6, RELW, SWB, TRIM, NOcc,PSUM4COND, PSUM4COND,PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0D 2A 4C 60 75 28 4C 1C 34 34 34 34 34 07 00 00 00 00 00 00 00

; 128 x 128

;  item 79 - SSR2, TRIM, ICER6, RELW, SWB,TRIM, NOcc,PSUM4COND, PSUM4COND,PSUM4COND,PSUM4COND,Rice 

X0C 2A 4C 60 75 28 4C 1C 34 34 34 34 07 00 00 00 00 00 00 00 00

; **************

; SSR1 Total Brightness for COR1, COR2 SWB

; **************

;  item 80-  SSR1, TAG3, TRIM, FILA, ICER0

X05 29 3B 4C 6A 5A 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 81-  SSR1, TAG4, TRIM, FILA, ICER0  

X05 29 3C 4C 6A 5A 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 82 - SSR1, TAG2, TRIM, FILA, ICER0, SWB, CLRW, SUM2, SUM3, SUM4, UNTAG2,

;            UNTAG3, UNTAG4, TRIM, DIV3COND, FILA, ICER10 

X11 29 3A 4C 6A 5A 28 74 3F 40 41 49 4A 4B 4C 77 6A 64 00 00 00

; **************

; SSR1 ICER Total Brightness for COR1, COR2 SWB

; **************

;  item 83-  SSR1, TAG0, TRIM, FILA,ICER6

X05 29 38 4C 6A 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 84-  SSR1, TAG1, TRIM, FILA ICER6  

X05 29 39 4C 6A 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 85 - SSR1, TAG2, TRIM, FILA, ICER6, CLRW, SWB, SUM0, SUM1, SUM2, 

;  UNTAG0, UNTAG1, UNTAG2, TRIM, DIV3COND, FILA, ICER10

X11 29 3A 4C 6A 60 74 28 3D 3E 3F 47 48 49 4C 77 6A 64 00 00 00

; **************

; SSR2 Total Brightness for COR1, COR2 SWB

; **************

;  item 86-  SSR2, TAG0, ICER6

X03 2A 38 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 87-  SSR2, TAG1, ICER6

X03 2A 39 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 88 - SSR2, TAG2, TRIM, FILA, ICER6, CLRW, SWB, SUM0, SUM1, SUM2, 

;  UNTAG0, UNTAG1, UNTAG2, TRIM, DIV3COND, FILA, ICER9

X11 2A 3A 4C 6A 60 74 28 3D 3E 3F 47 48 49 4C 77 6A 63 00 00 00

; **************

; SSR2 Total Brightness for COR1, COR2 no SWB

; **************

;  item 89-  SSR2, TAG0, ICER10

X03 2A 38 65 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 90-  SSR2, TAG1, ICER10

X03 2A 39 65 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 91 - SSR2, SUM0, SUM1, UNTAG0, UNTAG1, TRIM, ICER6

X07 2A 3D 3E 47 48 4C 60 00 00 00 00 00 00 00 00 00 00 00 00 00

; **************

; Event Detect

; **************

;  item 92 - SSR1,EVTD,ICER6

X03 29 04 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;; **************

; Realtime

; **************

;  item 93 - SSR1+RT,TRIM, PSUM4COND,ICER6

X04 27 4C 34 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 94 - SSR1+RT,TRIM,PSUM4COND,ICER10

X04 27 4C 34 64 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

; **************

; Basic ICER

; **************

;  item 95 - SSR1+RT, TRIM, ICER7

X03 27 4C 61 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 96-  SSR1, BIAS, TRIM, ICER_A, ICER2

X05 29 67 4C 6A 5C 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 97-  SSR1, BIAS, TRIM, ICER_A, ICER6

X05 29 67 4C 6A 60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 98-  SSR1, BIAS, TRIM, ICER_A, ICER8

X05 29 67 4C 6A 62 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

;  item 99-  SSR1, BIAS, TRIM, POIS, Rice

X05 29 67 4C 68 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

5.3 Notes on Image Processing

5.3.1 Image Block Numbering

Each 64 x 64 pixel image block in an image is numbered according to its absolute location in a 2176 x 2176 pixel image. Each block is independently compressed and transmitted so that a telemetry loss will result in only the partial loss of the image. The absolute position allows the GSW to correctly position individual blocks of an image. The block numbering is also used to specify the occulter and region-of-interest masks. Each bit in the mask corresponds to a specific block in the image.

The first column of blocks is underscan. The last column of blocks is overscan. The actual imaging area is the area between the underscan and overscan. Examination of the underscan and overscan areas is useful for calibration such as determining the bias of the CCD imaging system. 

Images smaller than 2176 x 2176 pixels, whether due to ROI or due to pixel summing, are numbered with block 0 as the top left 64 x 64 summed pixel block for compression purposes. For example: A 2x2 summed image takes 128 x 128 pixels and produces 64 x 64 summed pixels, so adjacent blocks 0000, 0001, 0034, 0035 will become block 0000 in the summed image. 

The most common images are 2176 x 2048 and 2048 x 2048 pixels in size.

Figure 5-1 shows the block numbering scheme.  Block 0000 is the upper left 64x64 pixel block of the image and first pixel read out.  Block 0033 is the last block in the first row, the upper right 64 x 64 pixel block of the image.  

Figure 5-1 64 x 64 Pixel Block Numbering

0000 0001 0002 0003 0004 0005 0006 0007 0008   ..  0028 0029 0030 0031 0032 0033

0034 0035 0036 0037 0038 0039 0040 0041 0042   ..  0062 0063 0064 0065 0066 0067

   .

   .

1054 1055 1056 1057 1058 1059 1060 1061 1062   ..  1082 1083 1084 1085 1086 1087

1088 1089 1090 1091 1092 1093 1094 1095 1096   ..  1116 1117 1118 1119 1120 1121  

1122 1123 1124 1125 1126 1127 1128 1129 1130   ..  1150 1151 1152 1153 1154 1155   

Pixel numbering of an image starts with (1,1) in the top left corner, (2176,1) in the top right corner and (2176, 2176) in the bottom right corner.

The image block scheme is used by the Rice and H-Compress image compression methods.  For summed images using these methods Rice and H-Compress will pad image dimensions that are not multiples of 64 out to a multiple of 64.  For example, a 2 x 2 pixel binned 2176 x 2112 image nominally a 1088x1056 pixel image will become a 1088x1088 image after decompression.

5.3.2 Occulters and ROI Masks

The image block numbering is used to determine the position of the Occulter and Region of Interest (ROI) masks.  There is a single flight table which contains the occulter and 5 ROI masks for all five SECCHI telescopes for a total of 30 masks.  The occulter is no different from the ROI masks except that it is meant to be the default mask used for a selected telescope.  The flight table is normally generated using an IDL program named masktool.  

5.3.3 CCD Orientation

Figure 5-1 and the corresponding Table 5-4 gives the CCD orientation for each telescope.  The arrows in Figure 5-1 show how the electrons are clocked to the readout port of each CCD. The double arrows show the direction of parallel transfers and the single arrows represent the direction electrons are moved in the serial registers to the readout ports.  Note that SECCHI-B flies inverted with respect to SECCHI-A.  Readout port location is specified as right or left as seen looking down at the CCD with the serial ports at the bottom. 

The CCD orientation is important for using the masktool and orienting the image so that solar north is up in the ground processing.  The telescope optics can additionally invert the image flipping north to south and east to west.  The last column of Table 5-4 uses a single arrow to show the inversion of solar coordinates. 

Figure 5-1 CCD Orientation
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Table 5-4 CCD Orientation and Readout Port

	Spacecraft/Telescope
	CCD Column Orientation
	CCD Row

Orientation
	Readout Port 
	Optical Inversion
	First Pixel Readout in Solar Coordinates

	STEREO-A/EUVI 
	E-W
	N-S
	Left
	Yes
	SE ->NW

	STEREO-A/COR1
	E-W
	N-S
	Right
	Yes
	NE->SW

	STEREO-A/COR2
	E-W
	N-S
	Right
	No
	SW

	STEREO-A/HI-1
	N-S
	E-W
	Right
	Yes
	NW->SE

	STEREO-A/HI-2
	N-S
	E-W
	Right
	Yes
	NW->SE

	STEREO-B/EUVI 
	E-W
	N-S
	Right
	Yes
	SW -> NE

	STEREO-B/COR1
	E-W
	N-S
	Right
	Yes
	SW->NE

	STEREO-B/COR2
	E-W
	N-S
	Right
	No
	NE

	STEREO-B/HI-1
	N-S
	E-W
	Right
	Yes
	SE->NW

	STEREO-B/HI-2
	N-S
	E-W
	Right
	Yes
	SE->NW


5.3.4 Bias

Every image taking has a mean and standard deviation of the CCD bias calculated with results put into the image header.  For summed images (notably HI) and square root images the bias is subtracted from the image.  This is important because the CCD bias has been found to vary from image to image and from camera to camera.

The bias is calculated by finding the mean of column 25 for a full sized 2176x2048 image, a column in the underscan area of the CCD.  Smaller binned images will use a different column to calculate the bias.  SECCHI will always take images including the underscan area due to the need to calculate the bias.

5.3.5 Debug Images

Debug images overwrite the CCD image in the RAD750 memory with a computer-generated test image useful for giving a known input to the compression algorithms and for testing when there are no light sources.

5.3.6 HI Cosmic Ray Scrub

The HI Cosmic Ray Scrub has two algorithms to remove cosmic rays from HI images.  The first is a two image scrub where the current image is compared with the previous image on a pixel by pixel basis.  If the current image pixel is greater than previous pixel plus the photon noise of the pixel, the pixel is replaced with the previous pixel.  The three image scrub takes the median value of the current, previous and oldest image.  Each HI telescope saves the previous two 2048 x 2048 pixel images to compare with the current image.

5.3.7 HI Summing Buffers

The HI summing buffers are 1024x1024 32-bit pixel buffers that hold the sum of a series of HI images.  The contents of the buffer can be send to the ground using Rice compression.  There are separate summing buffers for HI-1 and HI-2.  The summing buffers have commands to clear, add and set as output.

5.3.8 Event Detection

Event detection is used to detect solar events in an image by analyzing a difference image typically a COR2 total brightness image.  The difference image is generated using the ability of the image processing software to save an image and then subtract it from the current image.  As of July 2007 the COR2 images are separated by 30 minutes.  The event detection algorithm is controlled by a threshold table.

SECCHI has one threshold table that is shared by all the telescopes.  The threshold table is derived from data from a specific telescope and should be used only with that telescope.  The threshold table contains 1024 32-bit numbers that correspond to the imaging block numbers of the telescope and threshold number of blocks.  Each number has a high word and a low word.  The high word is a number of pixels ranging from 1 to 4096 pixels ; the maximum number of pixels in a 64x64 pixel block is 4096.  If a block is to be disregarded (masked) the number of pixels can be set greater than 4096. The low word is a threshold value for a difference image.  Pixels in a difference image whose absolute value exceeds the threshold value are deemed extreme pixels.  If the number of extreme pixels in the image block exceed the number of pixels specified in the high word the image block is deemed to have triggered.  The number of triggered blocks is then compared to a threshold number of triggered blocks before declaring that an event has occurred.  

Example: A block requires 2100 pixels and pixels exceeding +/- 10 to be triggered.  An event detection is declared when 30 blocks have triggered. 

Event detection is reported by space weather event messages and normal event messages.  The event message reports the centroid of the triggered blocks and the number of blocks triggered.  The event is also reported as large (Solar Event 2 = 100 or more blocks triggered) or small (Solar Event 1 = less than 100 blocks triggered). The image headers of the space weather image and normal image will also indicate an event detection.

When an event is detected the action is to send an event message and to inhibit writing to the SSR2 buffer.  The SSR2 buffer is an overwriting buffer which is nominally filled every four to six hours.  The SSR2 buffer will thus be preserved and is assumed to have images of interest of the event and especially the pre-event.  The SSR2 buffer is reset by manual command from the ground or after 10 days automatically.

Analysis of LASCO C2 images shows that a large CME such as the one on 11/1/2004 can cover more than 100 blocks of the image and that the brightness increase in a block can exceed 80 times a pre-event block. 

5.3.9 Exposure Adjustment   

Exposure adjustment adjusts the exposure times for subsequent image from a telescope by factors of two depending upon image analysis.  The input parameters are a low limit, a high limit, a low limit number and a high limit number.  There is a set of parameters for each telescope.  Possible actions are for IP to tell IS to decrease the exposure, increase the exposure or leave the exposure unchanged.  The decision to decrease the exposure comes when the number of pixels below the low limit is greater than the low limit number.  The decision to increase the exposure comes when the number of pixels is greater than the high limit number.  Otherwise the exposure is left unchanged.  Repeated exposure adjustments can result in repeated decrease or increase of exposure time.

The amount an exposure is changed is decided via factors in the same table that stores the high and low limits.  There are separate factors for increasing or decreasing exposure time allowing the algorithm to decrease exposure time at a different rate from increasing it.  This allows proper exposure of solar events that rise in brightness rapidly and decay in brightness slowly.  The factors in the table are in units of percent e.g. 200 means a 200% change in exposure, a factor of 2.  For SCIP shutters the minimum exposure permitted is 30 * 1.024ms = 30.72 seconds and the longest exposure permitted is 65535*1.024 ms = 67.1 seconds.  For HI the longest exposure permitted is 65535 * 2 ms = 131.07 seconds.

There is one set of parameters for deciding exposure changes for each telescope, but exposure changes for EUVI are kept by filter and quad selector. It is important to note that the algorithm is simple in that changes in telescope setup are ignored, e.g. if it analyzes an EUVI 195A image and concludes the exposure time should be decrease then the all the subsequent EUVI 195A images will have their exposure times decreased until the exposure adjust algorithm is called again for a EUVI 195A image even if there are intervening EIT 171A images that have varying exposures.

Exposure adjustment can be enabled or disabled by ground command or by image processing command.  Disabling exposure adjustment resets the exposures for all telescopes to the nominal exposure in the exposure time table as specified by the planning tool and resets the exposure adjustment to leave the exposure unchanged for all telescopes.  Individual telescopes can also have their exposure adjustment reset as an image processing command while exposure adjustment is enabled.  For EUVI this is done by filter and quad selector so resetting the 195A exposure will not affect the 171A exposures.   

5.3.10 Saved Images 

Any image can be tagged as an image to be saved and then later added/subtracted  to/from the current image.  The IP software can save up to four images by asking IS not to reuse the SWIC image buffers.  The saved images can be added or subtracted from a later image. It is an operations responsibility to plan what is in each Saved image buffer and manage the use of the saved images.  There are no checks to insure that a COR1 image is summed or differenced only with a COR1 image.

When the saved image is no longer needed it is important to release the image buffer back into the pool of image memory buffers.  The FSW will not allow the tag to be used again until it is released.  This is to prevent doing more tags than untags which can use up all the image memory buffers and eventually cause image taking to fail.

Saved images are particularly useful for making total brightness images from two or three COR1 or COR2 images or making difference images.

5.3.11 Compression Adjusted Images

Choosing this image processing option causes the image compression to be selected automatically for the H-Compress options according to the latest number of HI cosmic ray counts.  The threshold table contains the minimum number of cosmic ray counts indexed by the H-Compress scale factor.  For example, the table might choose H-Compress scale factor 3 for cosmic ray counts between 100000 and 200000 and H-Compress scale factor 4 for cosmic ray counts between 200000 and 400000.  The compression adjustment will change the following IP function code to the proper H-Compress function code in the threshold table.  For example an IP command set of SSR1, CADJ would result in a IP log entry SSR!, ICADJ, HC4 where HC4 was chosen from the threshold table.

5.3.12 HI Bad Image Filter

The images added to the HI summing buffers can be filter for bad images.  Since one bad image can ruin an hour of data a quick validity check is done by counting the number of pixels exceeding a threshold.  If the number of pixels brighter than the threshold is greater than the allowed number then the image is not added to the sum.

5.3.13 HI Cosmic Ray Report

The number of cosmic ray pixels replaced by the two or three image cosmic ray scrub routines replaced the first pixels of the image.  The first pixels is replaced by the number of images added in the summing buffer, the following pixels contain the number of pixels replaced, one 32 bit pixel is used per image.  So if 50 images are added to the summing buffer then there will be 51 pixels replaced with the HI cosmic Ray report.

5.3.14 Multiple Images

A single image processing table row can have more than one image sent to the ground.  However some care must be taken to not use functions which destroy the image in the current image buffer.  Functions which destroy the image include summing and the ICER compression routines.

6 Data Recorder Usage

Image processing must know how to direct a file to one or more of the spacecraft downlink channels. The same image with different image processing may be sent to different channels. There are three (3) possibilities, Real-Time, Space Weather or the Solid State Recorder (SSR). The SSR has the additional choice of two partitions, SSR1 or SSR2.

· The real-time channel provides immediate downlink of data during contact at the sacrifice of SSR dump time.

· The Space Weather Beacon is a low rate (500 bits/s) 24/7 downlink channel. The Space Weather Beacon spacecraft recorder can hold a maximum of 48 hours of data. 

· SSR1 is the most commonly used SSR partition which nominally holds 80% of the SECCHI daily telemetry. It is set to stop accepting data when it is full; additional data sent to the SSR1 partition will be lost.  SSR1 is nominally dumped every 24 hours during a scheduled ground contact. 
· The SSR2 partition nominally holds 20% of the SECCHI daily telemetry. It is set to overwrite the oldest data when the partition is full. It is used for special observing programs or as an event buffer. An example of a special observing program would be a schedule of observations that would fill the SSR2 partition every four (4) hours, but if an event was detected the plan would halt and await downlink.  The combined synoptic plan in SSR1 and the observations in SSR2 would result in an increased cadence during the detected event.  The SSR2 is nominally 20% dumped every 24 hours.

Example: SECCHI has 5 Gb of data storage for 24 hours.  The SSR1 partition is filled every 24 hours.     The SSR2 partition is filled every 6 hours. If a CME occurs over 6 hours and the SSR2 partition is halted there with be approximately 1 Gb of data in SSR1 covering the event and 1 Gb of data in SSR2 covering the event.  Thus there will be approximately double the synoptic data during the event.

· At present the baseline operations plan has all data sent via any channel stored on the SSR. The spacecraft has the ability to change the baseline. For instance it has been proposed that the Space Weather Beacon data not be stored on the SSR. 

6.1 Science Filename Conventions

The science filename encodes the Image Counter and the Image Sequence Counter that is found in the header. The VxWorks RAMDISK follows MS-DOS filenaming conventions, e.g. 8.3 filenames. The Image Counter and Image Sequence Counter are defined in the Science Image Header. The Image Counter counts images sent to the SSR. The Image Sequence Counter counts the nth image in a sequence, e.g. the 25th image of 50 images for an HI-2 sequence. 

In an average day, it is expected that the SECCHI Instrument Suite will take approximately 4300 images and downlink approximately 1850 images. The difference between exposures taken and exposures downlinked is significant and due to two reasons:

· HI-1 and HI-2 downlinked images are summations of images, e.g. 50 HI-2 images will be summed into a single downlinked HI-2 image. 

· The use of the SECCHI event buffer (SSR2) increases the number of images taken without increasing the number downlinked.

The FSW will manage the Image Counter for each image taken using the timeline. The image counter will increment for each image taken and be in timeline order.  At 00:00:00 UTC the image counter is reset to zero. If the same file is sent to the ground via the Space Weather Beacon and the SSR tape recorder, the files generated are distinguished by Application ID (APID) and will have different file extensions so the Image Counter will be the same for both file headers. It is safe to assume that the same image will not be sent down via the same APID more than once. 

In the event that the FSW does autonomous scheduling due to a missed pass, or scheduling by schedule block, it must set the Image Counter and Image Sequence as best it can.  Following a cold boot the image counter is reset to zero.

6.2 Science File Name Format

The science filenames follow the 8.3 DOS filename format.  The file names are designed to encode information into each character of the name and file extension as described below:
      YMDDaaaa  where Y = LSD of year e.g. 2002 = '2'  

                          (if we go beyond 10 years we will use letters starting 

                           with A - If launch is 2005 this would be in 2015)

                       M = Month (1 = Jan, 2 = Feb, … ,A=Oct, B= Nov, C = Dec)

                      DD = Day of Month

                      aaaa = image counter in base 36 for downlinked files and headers

                      (reset to 0000 at start of each day via the planning tool

                       - even with the HI we won't take more than 10000

                        images a day!)

        The file ext definition: 

        .APT   where 

                     AP = APID coding (one to one correspondence between code and APID)

                           = actual APID in hex – 0x400 

                     T = telescope/spacecraft 

                         for STEREO A:  3 = EUVI 2 = COR1 1 = COR2 5 = HI1 4 = HI2

                         for STEREO B:  8 = EUVI 7 = COR1 6 = COR2 0 = HI1 9 = HI2

Example: A STEREO B EUVI image sent to APID 0x43F would have a file extension of  3F8. 

Example: For a file taken on Jan 22, 2003 and image counter = 4567
4567 dec = (0 * 36*36*36) + (3 * 36 * 36) + (18 * 36) + 31

           = 03HV base 36

The basename would be 312203HV. 

7 Planning Tool and Schedule Files

The PT output file is designed to be a human decodable, machine readable, endian independent schedule file. The file uses only ASCII printable characters. Blank or unused fields should be filled with a dash ( ( ). There is one command per line and each line has a byte count and checksum. Time is in Universal Time (Coordinated) (UTC).  Time for the image taking commands is adjusted by the flight software for light travel time according to an on-board table.  This allows the two STEREO spacecraft to take images that are synchronized.  Time for the door operations and timeline commands is not adjusted for light travel time.

 The schedule file is composed of command lines.  The first command line should have a function code of B (Begin Timeline File) and the last command line a function code of T (End Timeline File).  The time field of the B and T commands should be an estimate of the time needed by the flight software to read the file into the timeline.  The B and T command time fields should always be in RTS format. The time fields for the B and T commands should match.  This lets the flight software know that it has received a complete file and not a partial file.  The function code I (Initialize Timeline) clears the timeline of all previous scheduled observations and door commands.  It is an optional command that should appear once at the beginning of a schedule file if the old schedule is to be discarded rather than modified.

The nominal schedule is composed of a series of function code F (Load Block Schedule File) commands.  At the time for the command a file will be read and the commands in the file added to the timeline.  A typical one day schedule would be composed of 24 hourly blocks of schedule that are read in order.

The planning tool interface to the flight software is presented below as a series of tables.  The interface is designed to present the most important and common data in each command first (Table 7-1).  Next are common setup parameters used for multiple commands (Table 7-2 and Table 7-3).  Last is the information used only by one specific command (Table 7-4 to Table 7-11).  Thus building a single command may require consulting up to three of the tables below. 

Table 7‑1  Planning Tool Output Commands
	Byte
	Description
	Allowed Values

	1
	Year or ‘-‘ if RTS or 
#  = Comment line 
	LSD of year e.g. 2005 = '5', 2006 = ‘6’ … 2010=’0’, 2011=’1’ ... 2015 = ‘A’, 2016=’B’  
 (if we go beyond 10 years we will use letters from A-Z until  2041)

	2-3
	Month or ’-‘ if RTS
	‘-‘ = RTS, 01 = Jan, 02 = Feb, … ,10=Oct, 11= Nov, 12 = Dec

	4-5
	Day of Month or Days if RTS
	1-31, 0-99 is permitted if RTS

	6-7
	Hour 
	0-23

	8-9
	Minute 
	0-59

	10-11
	Seconds
	0-59

	12
	Function Code
	TimeLine Commands:
F = Load Block Schedule File  (ATS or RTS)
I = Initialize Timeline (executed when read immediately, should be first command after Begin Timeline File)
B = Begin Timeline File (first line of schedule file)
T = End Timeline File (last line of schedule file)


Command Script:

A = Run script (last char of 8.3 filename should be in range 0-9 e.g. ABCDEFG2.gz)


Image Taking:
C = Continuous Image 
D = Dark Image 
E = Double Exposure Image
H = HI Sequence
L = LED Image 
N = Normal Image
S = SCIP Sequence

Door:
1 = EUVI Door Open
2 = EUVI Door Close
3 = COR1 Door Open
4 = COR1 Door Close
5 = COR2 Door Open
6 = COR2 Door Close

Diagnostic:
G = Generate Guide Telescope Diagnostic Data

Header and Footer

B = Begin

T = End

	13-14
	Byte count
	Byte Count (min = 16)

	15-16
	Checksum
	Hexadecimal Checksum (sum of all bytes except two checksum bytes modulo 256 expressed in ASCII)


ATS = Absolute Time Schedule

RTS = Relative Time Schedule

UTC = Universal Time (Coordinated)

Table 7‑2  Load Filename - Function Code is A or F

	Byte
	Description
	Allowed Value

	17-28
	Filename
	8.3 Filename (file in /temp directory)

For A command (Run Script) last char of filename (not extension) should be in range 0-9 e.g. ABCDEFG2.gz


If the Function Code is I, B, T command is done. 

Table 7‑3  Image Taking  – Function Code = (C,D,E,H,L,N,S)

	Byte
	Description
	Allowed Values

	17
	Instrument
	 1 = EUVI
 2 = COR1
 3 = COR2
 4 = HI-1
 5 = HI-2

	18-21
	Observation ID (OSnum)
	0000-9999
Assigned by Planning Tool

	22
	Camera Setup Table
	0-6

	23
	Exposure Table
	0-6
‘(‘ for Dark and LED images

	24-25
	Image Processing Table
	00-99

	26
	FPS On/Off
	0 = Off 1 = On

	27
	Synchronized Image with other STEREO spacecraft
	0 = No 1= Yes

	28-31
	Campaign Set ID
	0000-9999


Table 7‑4  Continuous Image - Function Code C

	Byte
	Description
	Allowed Values

	1 byte
	Filter Wheel (EUVI)
Or Polarizer Wheel MSD (COR 1 or COR2) 
	Present for EUVI, COR1 and COR2 only
0-3 for EUVI FW
0-1 for COR1, COR2 PW

‘-‘ for HI-1, HI-2

	1 byte
	EUVI Quad Sector Wheel or COR1, COR2 Polarizer LSD 
	0-3 EUVI QS
0-9 COR1, COR2 PW

‘-‘ for HI-1, HI-2


FW

Filter Wheel




MSD
       Most Significant Digit


PW

Polarizer Wheel 



LSD

Least Significant Digit

Table 7‑5  Dark Image - Function Code D

	Byte
	Description
	Allowed Values

	5 bytes
	Exposure Time
	00000-99998  ms (even number of ms only)


Table 7‑6  Double Exposure Image - Function Code E

	Byte
	Description
	Allowed Values

	1 byte
	Filter Wheel (EUVI)
Or Polarizer Wheel MSD (COR 1 of COR2) for Exp 1
	Present for EUVI, COR1 and COR2 only
0-3 for EUVI FW
0-1 for COR1, COR2 PW

‘-‘ for HI-1, HI-2

	1 byte
	EUVI Quad Sector Wheel or COR1, COR2 Polarizer LSD for Exp 1
	0-3 EUVI QS
0-9 COR1, COR2 PW

‘-‘ for HI-1, HI-2

	1 byte
	
Polarizer Wheel MSD (COR 1 of COR2) for Exp 2
	Present for COR1 and COR2 only
-  for EUVI 
0-1 for COR1, COR2 PW

‘-‘ for HI-1, HI-2

	1 byte
	EUVI Quad Sector Wheel or COR1, COR2 Polarizer LSD for Exp 2
	0-3 EUVI QS
0-9 COR1, COR2 PW

‘-‘ for HI-1, HI-2


QS

Quad Sector Wheel

Table 7‑7  Guide Telescope Dump -Function Code G

	Byte
	Description
	Allowed Values

	4 bytes
	Number of Seconds
	0000-9999 seconds

	1 byte
	Downlink Method
	1 = RT+SSR1 (future)
2 = SSR1 (future)
3 = SSR2 (future)


Table 7‑8  HI Sequence - Function Code H

	Byte
	Description
	Allowed Values

	2 bytes
	Number of Images
	1-99

	3 bytes
	Cadence
	000-999 Seconds
000 = default cadence (7 sec + exposure duration)


Note: This function (H) is unusual because it will interpret the Image Processing Table as being for the first image of the sequence.  Later images use two IPTs specified as the first two entries in the IPT in the first IPT for the middle images of the sequence and  the last image of the sequence.

Example: If IPT 12 is specified then IPT 12 will be used for the first image,  and two IPTs in IPT12 for later images.  For example Ipt 12 might specify IPT 13 for the middle images,and IPT 14 for the last image of the sequence.

Table 7‑9  LED Image - Function Code L

	Byte
	Description
	Allowed Values

	1 byte
	Filter Wheel (EUVI)
Or Polarizer Wheel MSD (COR 1 or COR2)
	Present for EUVI, COR1 and COR2 only
0-3 for EUVI FW
0-1 for COR1, COR2 PW

‘-‘ for HI-1, HI-2

	1 byte
	EUVI Quad Sector Wheel or Polarizer LSD (COR1 or COR2)
	0-3 EUVI QS
0-9 COR1, COR2 PW

‘-‘ for HI-1, HI-2

	1 byte
	LED ID
	1 = RED
2 = PRP
3 = BLU

	7 bytes
	Number of Pulses
	0000000-nnnnnnn
Note: HKP board does 0-4095 pulses at 50 kHz natively with a 6ms setup time between sets of 4096 pulses

nnnnnnn is the maximum nuber of pulses due to constraints on SCIP and HI image scheduling timeout 

For SCIP nnnnnnn = 3,300,000

For HI      nnnnnnn = 4,300,000


Table 7‑10  Normal Image - Function Code N

	Byte
	Description
	Allowed Values

	1 byte
	Filter Wheel (EUVI)
Or Polarizer Wheel MSD (COR 1 or COR2)
	Present for EUVI, COR1 and COR2 only
0-3 for EUVI FW
0-1 for COR1, COR2 PW

‘-‘ for HI-1, HI-2

	1 byte
	Quad Sector Wheel
Or Polarizer Wheel LSD
	0-3 EUVI 
0-9 for COR1, COR2 PW

‘-‘ for HI-1, HI-2


Table 7‑11 SCIP Sequence - Function Code S

	Byte
	Description
	Allowed Values

	1 byte
	Filter Wheel (EUVI)
	Present for EUVI,
 ‘(‘ for COR1, COR2

	1 byte
	Number of Images
	2-4 

	3 bytes
	Cadence
	000-999 seconds
000 = default cadence ( 7 secs + exposure duration )

	2 bytes
	Polarizer or Sector Wheel Image 1
	00-03 EUVI Sector Wheel
00-19 Polarizer Wheel

	2 bytes
	Polarizer or Sector Wheel Image 2
	Present for  2,3,4 image sequence

	2 bytes
	Polarizer or Sector Wheel Image 3
	Present for 3 or 4 image sequence, otherwise ‘—‘

	2 bytes
	Polarizer or Sector Wheel Image 4
	Present for 4 image sequence, otherwise ‘—‘


Table 7-12 Door Commands – Function Code 1,2,3,4,5,6  - No additional bytes

8 Example Schedule

Contents of an RTS Schedule File – all.sch
#Comment1

# This file has an example of each observation command and each door command

# 7 Sep 2004

---00000200B16B2

---00000200N37D421234461201000107

---00000400N37D613596001211000130

---00000600N37DB13597001211000131

---00000800N37E013598001211000132

---00001000N37DC13599001211000133

---00002000D404B212350-1201000150000

---00002100C37C821236341101000110

---00002200E39363123745130100010102

---00002300G217803001

---00002400H406A41238331801000150000

---00002500L4567312394-170000010500409500

---00002600S48F4312402209010001-400001020304

---00002700116A8

---00003000216A3

---00003300316A7

---00003600416AB

---00003900516AF

---00004200616AA

---00004400F28B803123022.sch

---00000200T16C4

8.1 Output of read_schedule

Reading file 1 all.sch

#Comment1

# This file has an example of each observation command and each door command

# 13 May 2005

---00000200B16B2

RTS day = 0 hour = 0 minute = 2 second = 0

Function B nbyte = 16 cksum = B2

---00000200N37D421234461201000107

RTS day = 0 hour = 0 minute = 2 second = 0

Function N nbyte = 37 cksum = D4

telesc = 2 osnum = 1234

camtbl = 4 exptbl = 6 iptbl = 12 fps = 0 sync = 1 campaign_set = 1

filter = 0 polar = 7

---00000400N37D63596001211000130

RTS day = 0 hour = 0 minute = 4 second = 0

Function N nbyte = 37 cksum = D6

telesc = 1 osnum = 3596

camtbl = 0 exptbl = 0 iptbl = 12 fps = 1 sync = 1 campaign_set = 1

filter = 3 polar = 0

---00000600N37DB13597001211000131

RTS day = 0 hour = 0 minute = 6 second = 0

Function N nbyte = 37 cksum = DB

telesc = 1 osnum = 3597

camtbl = 0 exptbl = 0 iptbl = 12 fps = 1 sync = 1 campaign_set = 1

filter = 3 polar = 1

---00000800N37E013598001211000132

RTS day = 0 hour = 0 minute = 8 second = 0

Function N nbyte = 37 cksum = E0

telesc = 1 osnum = 3598

camtbl = 0 exptbl = 0 iptbl = 12 fps = 1 sync = 1 campaign_set = 1

filter = 3 polar = 2

---00001000N37DC13599001211000133

RTS day = 0 hour = 0 minute = 10 second = 0

Function N nbyte = 37 cksum = DC

telesc = 1 osnum = 3599

camtbl = 0 exptbl = 0 iptbl = 12 fps = 1 sync = 1 campaign_set = 1

filter = 3 polar = 3

---00002000D404B212350-1201000150000

RTS day = 0 hour = 0 minute = 20 second = 0

Function D nbyte = 40 cksum = 4B

telesc = 2 osnum = 1235

camtbl = 0 exptbl = 0 iptbl = 12 fps = 0 sync = 1 campaign_set = 1

 expcmd1 = 50000

---00002100C37C821236341101000110

RTS day = 0 hour = 0 minute = 21 second = 0

Function C nbyte = 37 cksum = C8

telesc = 2 osnum = 1236

camtbl = 3 exptbl = 4 iptbl = 11 fps = 0 sync = 1 campaign_set = 1

filter = 0 polar = 10

---00002200E39363123745130100010102

RTS day = 0 hour = 0 minute = 22 second = 0

Function E nbyte = 39 cksum = 36

telesc = 3 osnum = 1237

camtbl = 4 exptbl = 5 iptbl = 13 fps = 0 sync = 1 campaign_set = 1

filter = 0 polar = 1

filter = 0 polar = 2

---00002300G217803001

RTS day = 0 hour = 0 minute = 23 second = 0

Function G nbyte = 21 cksum = 78

Read Schedule: Bad Checksum

Computed cksum aa expected cksum 78

---00002400H406A41238331801000150000

RTS day = 0 hour = 0 minute = 24 second = 0

Function H nbyte = 40 cksum = 6A

telesc = 4 osnum = 1238

camtbl = 3 exptbl = 3 iptbl = 18 fps = 0 sync = 1 campaign_set = 1

 numimg= 50 cadence = 0

---00002500L4567312394-170000010500409500

RTS day = 0 hour = 0 minute = 25 second = 0

Function L nbyte = 45 cksum = 67


telesc = 3 osnum = 1239

camtbl = 4 exptbl = 0 iptbl = 17 fps = 0 sync = 0 campaign_set = 1

filter = 0 polar = 5

 led=0 npulse = 409500

---00002600S48F4312402209010001-400001020304

RTS day = 0 hour = 0 minute = 26 second = 0

Function S nbyte = 48 cksum = F4

telesc = 3 osnum = 1240

camtbl = 2 exptbl = 2 iptbl = 9 fps = 0 sync = 1 campaign_set = 1

fw1=0 numimg=4 cadence = 0 pol1= 1 pol2= 2 pol3=3 pol4= 4

---00002700116A8

RTS day = 0 hour = 0 minute = 27 second = 0

Function 1 nbyte = 16 cksum = A8

EUVI Door Open

---00003000216A3

RTS day = 0 hour = 0 minute = 30 second = 0

Function 2 nbyte = 16 cksum = A3

EUVI Door Close

---00003300316A7

RTS day = 0 hour = 0 minute = 33 second = 0

Function 3 nbyte = 16 cksum = A7

COR1 Door Open

---00003600416AB

RTS day = 0 hour = 0 minute = 36 second = 0

Function 4 nbyte = 16 cksum = AB

COR1 Door Close

---00003900516AF

RTS day = 0 hour = 0 minute = 39 second = 0

Function 5 nbyte = 16 cksum = AF

COR2 Door Open

---00004200616AA

RTS day = 0 hour = 0 minute = 42 second = 0

Function 6 nbyte = 16 cksum = AA

COR2 Door Close

---00004400F28B803123022.sch

RTS day = 0 hour = 0 minute = 44 second = 0

Function F nbyte = 28 cksum = B8

03123022.sch

---00000200T16C4

RTS day = 0 hour = 0 minute = 2 second = 0

Function T nbyte = 16 cksum = C4

8.2 Scheduling Constraints and Notes

Schedule commands within a schedule file should not start  immediately.  Leave some processing time.  It takes time to read and process the schedule file.  While the file is being read the timeline is paused and no new observations are sent to the image controllers.  Images already sent to the image controllers will be taken.  The longer the command file the longer it takes to process.  After the file is read the timeline returns to the state prior to reading the file (either paused or running).

Images in a EUVI SCIP sequence are not necessarily evenly spaced since different filters have different exposure times.

The design of the schedule queues and camera controllers in the flight software also imposes a fast cadence limit of five images in twenty seconds per CEB.  This limit would affect only sub-region readouts since a full size 2048 line readout takes about five seconds. 

8.3 Schedule Files and Flight Software Concept of Operations

Schedule files are combinations of block schedule files and individual commands.  The planning cycle is daily and a daily schedule file has a name with the start date in the format YYMMDDHH.sch, where YY = year – 2000, MM = month (01-12), DD=day of month (01-31) and HH= hour (00-23).  For example,   06110600.sch would be the schedule for 2006/11/06 00:00:00 UTC.  The schedule file can contain longer than one day of schedule to account for a missed pass or multiple days for a long weekend.  However the flight software checks at the start of each day (00:00:00 UTC) of each day and at startup for a schedule file with a name corresponding to the new day.   If no daily file is found it will continue with the current timeline.  If a new daily file is found it will add the commands found to the current timeline.  Since a daily schedule file can initialize the timeline by command, it is possible for a new schedule to supercede an older schedule.   For example, if daily schedule file 06122000.sch runs for 30 hours then at Dec 21, 2006 00:00:00  the flight software will look for daily schedule file 06122100.sch.  If 06122100.sch has an initialize timeline command it would clear the last 6 hours of 06122000.sch before loading its schedule.

If no daily schedule file is found at the midnight check for a schedule and the timeline is empty the flight software will run the default schedule (default.sch) from the EEPROM in the unprotek/tables directory.  This location of the schedule files means that in the event of a reboot that clears the RAM disk the default schedule will be run.

The schedule file can be made up of blocks of schedule (see Table 7-2 for description of F command).  The only restriction on filenames for these schedule blocks is that they are 8.3 filenames and that they are in the /temp disk onboard.  A typical schedule is composed of twelve two hour blocks of schedule that is generally made with knowledge of the downlink schedule so that the use of the SSR is optimal.  Software tools for generating schedules using blocks of schedule from the planning tool are available as IDL routines.

There are two fields in the planning tool that are uplinked and downlinked to the ground as planning and data archive aids.  The OS number is used to identify an individual type of image to the planning tool so that it can be repeated.  An unique OS number is associated with each individual line of planning tool output.  The campaign ID is used to group observations in the data base, for example, campaign 0001 might mark the standard dozen solar calibration images.  This makes it easy to identify and recover a set of observations from the data archive.

8.4 Command Scripts

Command scripts are a method of scheduling instrument commands via the timeline.  Scripts are designed by the flight software team to do specific tasks.  Since any SECCHI command is possible via scripts, script files should be treated like flight code.  The script is a file of commands loaded into the timeline using Function Code A (Table 7-2).  The file name is an 8.3 filename.  By convention the 3 letter extension is ‘cmd’.  The first 7 chars of the file name are arbitary, the last character of the eight should be a number 0-9.  The last character specifies a slot number within the reserved set of script controller slots for IS to use.  Command scripts should not share slots when running.  So a maximum of ten command scripts can be run simultaneously.  

Example command scripts are the mechanism spin timer tests.  There is a script for each SECCHI mech.  

8.5 Scheduling and Resources

The resources aboard the SECCHI CPU do impose some limits on scheduling.  The limited resources are primarily CPU time, science telemetry disk space, image buffers and downlink time.  Below is an example scenario to illustrate some of the limits.

Scenario : Fill image buffers at high cadence (10 sec cadence, 2176x2048 image, 10x compression, 12 sec processing time) 

Data Production= 8912896 bytes/image/10 sec = 891289 bytes/sec 
Data Processing time = 12 sec so actual compressed data is produced at 
8912896/12 sec = 74274 bytes/sec = 594192 bits/sec. 
The Mil STD-1553 transfer data to the spacecraft at (70 pkts/sec at 272 bytes/pkt) = 152.32kbps. 

So at this rate a buffer will fill at (594192 - 152320) bits/sec = 55234 bytes/sec.  So 50 MB of Science TM buffer  (50x1024x1024 bytes) will take 949 sec to fill. (1 MB -> about 19 sec) 

We use image buffers at 1 per 10sec and free them at 1 per 12 sec.  So in 949 sec we will need 95 buffers and will free 79 buffers so our 27 image buffers should cover the difference in rates.  We can actually use the additional buffers to take another 10 or 11 exposures during this time. 

The HI CEB rate hardly matters since the exposure times are so long and the image downlink is infrequent.  Its rates are about 2 HI * 1024 * 1024 * 4 bytes/pixel *8bits/byte/2.5x compression = 7456 bits/sec assuming an image once per hour per HI.

The calculations are rough.  They ignore the effects of housekeeping and space weather downlink use and packet overhead which would decrease the data downlink rate by about four or five percent. 

9 Troubleshooting

The primary reference materials for this section are the SECCHI Command Database and ITOS documentation.  This section is intended as a quick reference guide.  The easiest method of accessing detailed information about these commands is the HTML version in the ITOS directory (see the public_html directory).

9.1 Commands

9.1.1 No Operation (NOP) commands

Generate system event message

/XYZZY
- Generates a system event message “Nothing Happens”

Most subsystems have NOP commands which increment the command counter for the subsystem.

Examples:

/ISNOOP – Send NOP to IS subsystem

/IPNOOP – Send NOP to IP Subsystem

9.1.2 Memory 

/SMMEMPEEK – PEEK a memory location, use with “page mempeek” to show bytes

/SMMEMPOKE – POKE a memory location

9.1.3 Page Displays

Page mempeek – Display memory dump packets

Page pages – Display a page that contains buttons which display other HK pages

9.1.4 Reload Task or Table

/SMTBLRELOAD – Reload and initialize a table

/TMRELOADTASK – Reload a subsystem task e.g. IS or IP

9.1.5 Shell Commands

/FMLSDIR – Display directory listing of a directory in shell window

9.2 Procedures

Start uploadfile (source, dest) – example: “start uploadfile (“is/temp.sch”,”temp/temp.sch”)

9.3 Command Scripts

There are a set command scripts that do mechanism spin timer tests, one for each mechanism controlled by the MEB.  These may be useful in troubleshooting mechanism problems.

9.4 Diagnostics

There is a log of mechanism moves that timestamp each mechanism movement.

9.5  Troubleshooting Scenarios 

9.5.1 Aborted Image

Problem: There is an IS aborted image event message.

Diagnostic1: The event message includes information about which telescope and image was aborted.Check for other event messages.  An “IC Out of Resources” message could mean that more than 5 images in 20 seconds were attempted indicating a scheduling error by the planner or planning tool.

Diagnostic 2: Check the SCIPCTRL page for camera status on the telescope.  Type ‘page scipctrl’ to see the camera status page.  Check individual cameras and mechanism status using the buttons on the SCIPCTRL or HICTRL page.  If a camera is Not Ready then the CEB must be restarted or the system rebooted.

9.5.2 Science File Read Error 

Problem: There is a Science File Read Error in the events window

Diagnostic: Check the File Manager HK page to see if the sci disk is full.

Images that cannot be written to the sci disk can still generate image headers that reach the ground.  These headers will indicate that an error has occurred as well as generating event messages when they are written.  This error usually occur due to the file size being larger than expected due to a planning tool error or solar events.

9.5.3 Skipped Images

Problem: There is an IS skipped image event message.

Diagnostic1: Check the UTC and packet time.

Diagnostic2: Check the ISHK page and see if the telescope or timeline is paused

Diagnostic3: Check the ISHK page and see if the telescope is OK

Skipped images are images that IS has not sent to the instrument controllers but whose time is past.  Normally images are sent to the controllers 20 seconds prior to the start of exposure so that the CCD and mechanisms can be setup.

9.5.4 Image Processing Queue Not Emptying 

Problem: the IS HK page shows the Image Processing Queue not emptying 

Diagnostic: Is the Image Processing (IP) task on the Command and Telemetry Overview page (cmdtlmov) showing green ?  If not, IP may need to be restarted using  the STOL command /tmreloadtask file=”mode/tasks/ip.gz”

9.5.5 Temperature Autonomy Rule

Problem: Temperature Limits are being reached

Diagnostic1: Verify temperature limits and check heater parameters.

If SECCHI has been at the wrong temperature for a long time, the integral term of the PID algorithm may be very large.  This term can be reset by command.  The effect of a large accumulated error is that the temperature will overshoot the setpoints.

Diagnostic 2: Check the door open or closed state of the telescope.  Telescopes are normally door Open, a closed door affects the thermal balance.

Diagnostic 3: Check the heater switches telemetry.  Are they switching on and off in accordance with the duty cycle ?

9.5.6 SCIP Door Operation

Problem: EUVI, COR1, COR2 door fails to open or close on command or reads In Transit.

Diagnostic1: Verify that door is enabled by looking at Data Vault telemetry page.  If is not enabled, send enable command.  This is a critical command that will prompt to confirm.

Diagnostic 2: Verify that door wait time has expired by looking at Data Vault telemetry page.  If the time has not expired, wait until it has expired.

Diagnostic 3: If the door command was scheduled e.g. the image scheduling task (IS) was supposed to send the command, then check the IS telemetry page to see if IS is enabled to send door commands.  If not, then use the button on the IS telemetry page to enable door operations.

Diagnostic 4: Some door encoders do not read Open or Closed but In Transit without additional steps.  This is a hardware problem that cannot easily be fixed in software.  These doors require two commands to reach the encoder Open or Closed reading.  See Table 3-6.

9.5.7 Task not responding

Problem: Task Not Responding system event or static telemetry for task.

Diagnostic: Check Command  and Telemetry Overview page for red indicator.  Reload task.

9.5.8 Abnormal Boot time

Problem: Maint to Ops or Ops to Ops mode transition is longer than expected.

Diagnostic1: Check the TMHK page for red messages such as Spurious Reset, FailSafe or Failed Boot messages in RED

Diagnostic2: Examine SUROM boot messages in the system events log and decode the boot path and reason for failure.  Report to flight software team.

9.5.9 No SSR2 Data

Problem: No data is being sent to SSR2 APIDS

Diagnostic1: Check the IPHK page and see if SSR2 is enabled. Use SSR2ENB button to enable SSR2

Diagnostic 2: Check the Image Processing table.  Make sure SSR2 is correctly specified in the image processing for the image.

10 Acronyms and Abbreviations

	Acronym/Abbreviation
	Definition

	APID
	Application ID

	ATS
	Absolute Time Schedule

	CCD
	Charge Coupled Device

	CCW
	Counter Clockwise

	CEB
	Camera Electronics Box

	CME
	Coronal Mass Ejection

	COR1/COR2
	Coronagraphs 1 and 2

	CSCI
	Computer Software Configuration Items

	CW

	Clockwise

	DPS
	Instrument Data Processing System

	EUV
	Extreme Ultraviolet 

	EUVI
	Extreme Ultraviolet Imager 

	FGSW
	Flight Operations Ground Software

	FPS
	Fine Pointing System

	FSW
	Flight Software

	FW
	Filter Wheel

	G&C 
	Guidance and Control

	GDS
	Ground Development System

	GSW
	Ground Software

	GT
	Guide Telescope

	HI
	Heliospheric Imager 

	HKP
	Housekeeping

	I&T 
	Integration and Test

	ITOS
	Integrated Test and Operations System

	LED
	Light-Emitting Diode

	LOS
	Line of Sight

	LSD
	Least Significant Digit

	MEB
	Mechanism Electronics Box

	MHD
	Magnetohydrodynamic

	MOC
	Mission Operations Center

	MRD
	Mission Requirements Document

	MSD
	Most Significant Digit

	NASA
	National Aeronautics and Space Administration 

	PID
	Proportional Integral Derivative

	PT
	Planning Tool

	PW
	Polarizer Wheel

	QS
	Quad Sector Wheel

	ROI
	Region of Interest

	RT
	Real Time

	RTS
	Relative Time Schedule

	S/C
	Spacecraft

	S/C
	Spacecraft

	SCIP
	Sun-Centered Imaging Package

	SEB
	SECCHI Electronics Box

	SECCHI
	Sun Earth Connection Coronal and Heliospheric Investigation 

	SSR
	Solid State Recorder

	STEREO
	Solar Terrestrial Relations Observatory 

	SWB
	Space Weather Beacon

	TDS
	Telescope Development System

	TS
	Thomson Scattered

	UTC
	Universal Time (Coordinated)
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