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Mr. Frank Snow, Code 410.0

THEMIS Mission Manager

Goddard Space Flight Center

Greenbelt, MD. 20771

Subject: THEMIS Monthly Technical Report 

Dear Frank,

Enclosed is a copy of the monthly technical report for the THEMIS project. Copies have been distributed as itemized below.

Additional details on the status of the program are available at any time at the THEMIS ftp site:

ftp://apollo.ssl.berkeley.edu/pub/THEMIS/1.1%20Management/REPORTS/

If you have any questions, please don’t hesitate to call.

Sincerely,

Peter R. Harvey

THEMIS Project Manager

University of California, Berkeley

Cc: 
Mike Riley, Contracting Officer, Code 410

Technical Information Services Branch, Code 239
Dr. Vassilis Angelopoulos, Principal Investigator

Dr. David Sibeck, Project Scientist, Code 696

Summary Status and Accomplishments

1.1 Mission Management

Written by Peter R. Harvey
September 2004 was a very tough month for the project. The bus mass has increased to the point that we will have to remove the Axial E-Field sensors in order to achieve the required orbits. Bus structural fabrication has run into problems making panels. And the Avionics has a tiger team assigned to it. 

The schedule is a hot topic of each meeting and every change has schedule impact in mind. It is hoped that everyone in the project is approaching their schedule with the same enthusiasm and commitment to get the job done.

There are many positive steps detailed in the following pages, notably the successful integration of circuit boards in the IDPU ETU, completion of qualification vibrations throughout the instrumentation, and the completion of all ETU layouts. Thirteen flight boards are through assembly and are in test, and fourteen more are in assembly at this point.
1.2 System Engineering

Written by Ellen Taylor

1.2.1. Requirements and Verification - Draft of Revision F of the MRD was released for review.  Minor revisions to the MRD were incorporated in response to FSW IV&V review and requests. Verification Plans and Procedures for Instrument testing continue to be developed and formalized.
1.2.2. ICDs and Control Documents - Rev AB of all Instrument ICDs have been signed off except for AXB ICD.  Ground System ICDs are in signature cycle.
1.2.3. Resource Budgets - Power, Mass and Data budgets continue to be tracked. Mass of the Probe has increased since the last Systems reporting period.  Mass of Instruments has held.  Swales has developed and is actively pursuing mass reduction plans.  Delta V budget was presented at the FDMO peer review and will be further assessed in detail by AI Solutions. 
1.2.4. Reliability, Safety and Risk - 
Risk: No new risks were formally added during the last period, although mass continues to be tracked as a high risk.  
Safety: Safety issues continue to be actively worked with Safety Working Groups (SWG) Meetings.  A Safety Splinter will be held early in the next period at the GOWG.
Reliability: Flight Actels designs for Instruments have started to be reviewed.  
1.2.5. Engineering and System Change Notices (ECRs and SCNs) - 
No SCNs were initiated in the last period.  
No ECRs was initiated in the last period although a few have been discussed to address IV&V concerns about tracking deleted requirements in the MRD.
1 Space Segment Development

2.1 Instruments

1.1.1 Instrument Data Processor Unit
Boom Electronics Board (BEB). 
Written by Stu Harris and Hilary Richards
Activities to report for September.

1. BEB ETU FPGA failure.  The Actel ETU FPGA failure report, THM_PRF_001, was written and submitted for sign-off.

2. BEB flight unit status.  Jackson and Tull completed their assembly of the flight units, F1 - F6.  Minor board rework, due to the problem with the AMUX and Actel interface, was completed on F6.  This unit was set up with a socket for commercial Actel FPGAs, to facilitate testing of the flight board layout with a programmed controller.  The basic functionality test of this unit began in September.  Once the FPGA design has been fully verified, flight quality Actel parts will be installed on the other flight units.

3. EFI GSE unit construction.  The construction of a second GSE box, designed to support EFI preamp and BEB testing was close to completion at the end of September.

Planned activities for next period:

1. BEB flight unit, F6, testing will be completed. F1 will begin testing as soon as possible thereafter.

2. EFI GSE #2 unit construction will be completed, and it will be tested.

Digital Fields Board (DFB ).

Written by Jim Westfall

September Accomplishments:

1. Implemented a redesign of the Analog to Digital converter interface to change timing and method of time slot allocation in order to reduce cross-talk between channels. 

2. Designed and implemented derived quantities processor. 

3. Designed and implemented long-term E offset filter. 

4. Designed and implemented RAM table upload capability in the command and telemetry controller. 

5. Implemented an overhaul of the command and telemetry controller to include all telemetry quantities.  Also implemented a telemetry processor to provide binning, peak detection, and averaging support. 

6. Designed and implemented a configuration register transfer protocol to allow configuration of external FPGAs (#2 and #3) using minimal pins. 

7. Performed parameter cleanup and started code cleanup. 

8. Updated FPGA pin-outs to provide best estimate of the final pin-outs. 

9. Updated the command and telemetry section of the FPGA document. 

10. Updated the schematics to incorporate all the modifications implemented during the ETU and breadboard testing.

11. Updated the Parts list and sent to SSL (Jorg) for review.

October Objectives:

1. A great deal of functionality was added to the code in September.  The code and the documentation need to be updated and cleaned to make them consistent and to ensure that things were implemented correctly. 

2. Functional and algorithm verification using the VHDL simulation and the breadboard to produce a fully functional version of the ETU board (i.e. includes the recent addition of spectra and derived quantities).  

3. Flight board designs will be released to the PWB layout house early in October to complete modifications from ETU to FM but the gerber files should not be released for fabrication until a fully functional ETU has been tested and the final pinout has been thoroughly confirmed (through test). 

4. Work on logic size reduction efforts for the final flight version of the FPGA coding.  Currently, FPGA #1 is getting tight…93% C-Cells and 78% S-Cells and FPGA #2 is over its limit 111% C-Cells and 86% S-Cells.  To address this situation, emphasis will first be placed on getting a working prototype in the breadboard and then subsequently on reducing the logic size and/or porting the logic to a third FPGA once we have a known quantity to work with.  Putting efforts to address sizing before functionality have been a major factor affecting the amount of time required to implement the design to this point and we would like to remove this inefficiency in order to more quickly get a working prototype to begin full-on testing of the algorithms. 

Data Controller Board (DCB)/ Flight Software

Written by Dorothy Gordon

1. DCB Integration

Performed second interface test during the last week of September (BAU Processor board to IDPU Processor board) at Swales: exercising the Command, Slow Telemetry and "High Speed" Telemetry I/Fs using the DCB running the IDPU flight software.

2. DCB-PCB

One of the Rev. B Printed Circuit boards (which will serve as the 4th DCB-ETU) has been populated and tested.  The Rev. B boards are ready for flight part population, which we expect will occur at the end of October.

3. DCB-FPGA

DCB-FPGA Rev. 5 is stable, and installed on all four DCB-ETUs.  The goal now is to generate test software which stresses the DCB subsystems to their maximum capacity, and thus verifies both design functionality and performance.  

Work is ongoing to generate the automatic checking programs (which run on the host PC) that verify the High Speed Telemetry frames as the DCB runs dedicated test suites.  (Still need to splice the "instrument simulator" into the procedure -- the GSE firmware to support this is almost completed.)  This test software will be used to verify both the

FPGA/PCB design and the Flight DCBs (migration to the flight FPGA die as well as general flight board checkout).

IDPU Software (FSW) 

Written by Peter Harvey

I&T. The IDPU processor was interfaced to the BAU processor card and the interface signals were checked. While the sun pulse, the UART commands and telemetry were checked, there was no success on the high speed telemetry. While the IDPU cranked out high speed telemetry upon command, the BAU was neither able to properly receive the transfer in hardware nor process the data through to the ground ITOS. Thus, we were unable to verify that any IDPU telemetry product is acceptable to the ground system. This, test will have to be repeated again when the BAU is ready for it.

Memory Utilization. PROM, EEPROM and RAM utilization is tracked periodically. The overall strategy, of course, will be to put all LEO-required modules into the PROM, followed by as many other modules as can fit. The rest will be put into the EEPROM and loaded in the first few seconds after turn-on.


[image: image8.png], THEMIS

N




IV&V. During the last period, we collected together the changes IV&V required and distributed a new SRS (Rev E) for signature.

Power Control Board (PCB)

Written by Craig Domeny

The first assembled PCB-FGE flight unit has arrived; the FGE circuitry has undergone an initial checkout. The PCB portion is awaiting test. The next four flight units are due by October 22nd. The final flight spare unit is being assembled in-house.

The PCB Tester/Load Simulator is functioning on the bench and is in final checkout. The PCB/FGE test plan is 80% complete and will be finalized as a PCB/FGE ETU is being tested in preparation for TV testing at the end of October.

1.1.2 Electric Field Instrument (EFI)
1.1.2.1 Spin-Plane Boom Mechanisms

Written by Bill Donakowski

Progress
· EM Unit Status
· Second Generation’ prototype (new Snout Doors and Release Mechanism) completed and ready to be tested 

· Mods to prototype incorporate slight design changes; retesting to ensure qualification of flight design

· Vibration Testing scheduled for 12 October 2004

· Thermal Vac to follow, approx. 13-15 October 2004

· Test Fixtures
· All Test fixtures completed and ready for use

· Design and fab of shipping containers started

· Facilities
· Room 20 TV Tank ‘Bayside’ working without problems

· Large TV Tank Development

· Most hardware being completed; assembly continuing

· Flight Hardware
Procurement Status
· All Flight Hardware in-house 

· Flight Units Build:  F1 Units


· Most Sub-Assys completed and sitting on shelf

· Motors

· F1 units built up and mag tested (UCLA)

· Key Reel/Sphere Assy begun

· Sphere Dag Coating taking place this week

· All Key Reels completed

· Electrical wiring of first 4 units started

· Spools done

· Structure

· All magnesium Panels in-house

· X-Ray testing completed (no rejections)

· Coaxial Cable fabrication approx 80% complete

· F1 Flight Build to continue this month.
Concerns

· None at this time

2.1.2.2 Axial Booms Boom Mechanisms
Written by Robert Duck

· Design
· AXB tube height will be shortened.  Swales is working on antenna design and height should be finalized soon.

· Waiting on Swales for pressure tank mount design, and antenna mount design.

· A new ground wire was added to connector assembly, and solder lugs were ordered.

· Deliverables

· A second horizontal deployment track was ordered to reduce testing times.

· F1 AXB tube has been received.

· Horizontal TV track components have been received.

· More electrical solder lugs ordered and received.

· All mechanical parts received for all flight units.

· F2 stacers painted and received.

· FLIGHT Assembly
· Sensors for F1 have been tested and new tip pieces are being made to custom diameters for each sensor.

· Approximately 50% of the smaller AXB sub-assemblies have been made for F1 - 6.

· Pre-cable assemblies will be built once stacer lengths have been frozen.

· ProtoFlight has stacer trimmed and installed, next stage is cable integration.

· Documentation
· All electrical procedures have been revised, reviewed and approved.

· Approx. 80% of the mechanical assembly procedures are in place and approved.

· Testing
· Flight sensor testing is ongoing. Flight 1 sensors have been screened and tip pieces are being made to fit each sensor.  Subsequent flight sensors will be tested and fitted as flight boom are built.

· Horizontal deployment track is assembled and protoflight will be used to test and debug the track prior to operation within thermal chamber and flight 1 assemblies.

1.1.3 Electro Static Analyzer (ESA)

Written by Bill Elliott

1. Inventory of currently identified Flight Parts is complete with the exception of the SMA Actuators which are partly complete with the rest scheduled to be available in the next two weeks.

2. Continued sub-assembly of ESA Mechanical Components.

3. Continued to Work With the Electronics Group to Finalize the Mechanical-Electronic Package Interface Specifications and design and procure the small number of minor mechanical parts associated with the electronics systems.

4.  Performed Successful Qualification T-V Test of Release Plate Assembly and SMA Actuators. Four Cycles of Successful Actuation of the Mechanism at -40C and +50C Using each SMA’s Individually.

5.  Performed Successful Qualification Vibration Test of Combined ESA + IDPU ETU on 10-5-04.  No problems observed. Frequencies and Levels within acceptable limits. SMA Actuators fired without incident.

6.  Prepared Spreadsheet Analysis Predicting SMA Wire Temperatures and Cooling Times. Used this data in conjunction with T-V data to develop SMA Actuator power pulse length requirements. 

7. Prepared and Released Assembly and Test Procedures: THM-ESA-PRC-003 (ESA  Mechanical Assembly Procedure),  THM-ESA-PRC-006 (SMA Cycle Test Procedure),  THM-SST-PRC-015 (SMA Assembly Procedure) and  ESA TORQUE CHART WME
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ESA + IDPU ETU
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ESA Release Plate Mechanism

8. ESA Mechanical Activities This Month (September): 

· Continue Sub-Assembly of Mechanical Components of ESA Flight Units.

· Design and Procure ESA Calibration Manipulator Fixture Components.

· Prepare ESA Ground Support Equipment such as the Nitrogen Purge System.

9. ESA Mechanical Activities Next Month (October):

· Assembly of 6 FLIGHT ESA-Mechanical Units

1.1.4 Solid State Telescope (SST).
Report written by Robert Lee

Flight Units:

· Design:
· No actions taken

· ICD for Integration with Bus:
· Updated and verified SST sensor mass

· ETU Testing:
· Mechanical fixturing for instrument level thermal-vacuum test fit checked

· Qualification level thermal vacuum test performed from September 14-17, 2004

· Attenuator mechanism successfully operated at hot and cold operating limits under vacuum

· Post-test inspection of mechanical components performed

· Fasteners intact and did not show loosening

· Support structure undamaged

· Attenuator mechanism undamaged

· Received mechanical fixturing and support components for ion beam measurement

· Flight Units:
· Flight collimators, for FM2 through FM6, being plated and coated (ETA: late October 2004)

· Baked out bronze components for FM1 through FM6 (September 7 through 9, 2004)

· Flight switch assembly components received (September 15, 2004)

· Flight magnet yokes received (September 10, 2004)

· Flight support structure components received (September 30, 2004)

· Flight attenuator assembly cams sent out for titanium nitride coating received (September 3, 2004)

· Flight attenuators received (September 15, 2004)

· Flight aluminized foils received (September 17, 2004)

· Backshells for 26 pin high-density connector to allow for cable potting (THM-SST-MEC-605 and THM-SST-MEC-607) received (September 30, 2004)

1.1.5 Search Coil Magnetometer (SCM).
Written by Abdel Bouabdellah, Christophe Coillot, Bertrand Delaporte, Olivier Lecontel, Alain Roux.

· Sensors
· EM: Manufacturing of sensors:

· Ready to be delivered to UCB.

Qualification of potting during thermal cycling (3 cycles : [-100°C; +85°C]), five technical solution have been tested in a cold chamber (figure 1) and in a hot one (figure 2). All solutions have withstood the temperature cycling. So, we have chosen the easiest solution to implement for FM :

· Extra thickness of potting of 0.5mm (remains compliant with specified mass).
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Figure 1
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Figure 2


FM: 

Manufacturing of sensors :

FM1-2 & 3 :

· Winding is finished.

· Magnetic core assembled and potted inside the wound tube (Figure 3 shows 3FM sensors at this step, just before potting, electrostatic shielding of the sensors can also be observed).

· Potting is undergoing 

FM4-5 & 6:

· Winding is finished

· Magnetic core assembly & tests are in progress
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Figure 3

· Preamplifier
· EM :  Already delivered to UCB by CETP.

· FM1, 2 & 3 :  Assembly, vibration test and electrical verification of FM1, 2 & 3 have been done. One PA (FM3) presents a different level of calibration signal. A NCR is in process. 

· FM4, 5 & 6 : Assembly has started on October 11

· Preamplifier box
· All 6 FM boxes have been delivered.
· Mechanical structure of tri-axis antennas
· FM manufacturing has begun (as vibration test & thermal tests were compliant), delivery expected in mid October.
· Harness SCM to PA
· FM : Expected to be delivered from UCB.

· EGSE
· Bench test has been manufactured and used for temperature tests, 3 models are under manufacturing to support tests and integrations (CETP).

· Interface for Calibration at Chambon la Foret is still under definition (CETP/GDTECH).

· FM Tests
· Following tests have been completed successfully:

· Mechanical vibration of PA FM1,2 & 3 (at IAS) : compliant.

· Potting qualification from –100°C to +85°C : compliant.

· Following tests are scheduled : 

· Thermal cycling of PA FM1, 2 &3 (at Saint Maur): end of October (tbc).

· Thermal cycling of SC FM1, 2 & 3 (at IAS : tbc): beginning of November (tbc).

· Mechanical vibration of SC FM1, 2 & 3 (at IAS): mid of November (tbc).

· Calibration at “Chambon la Forêt” FM1, 2 &3: mid of November (tbc)
· Integration at UCB:
· Date to be confirmed (UCB) 

1.1.6 Magnetometer Booms

Written by Tien Fak Tan

· Design.

1. All flight hinge parts released to machine shops after accommodating final harnesses.

2. Developed alternate, lighter design for composite booms and constructed a set of prototypes tubes.  These tubes will be evaluated and tested.

· Fabrication

1. Fabrication of hinge parts in progress.

· Testing

1. Designed and fabricated vibration test fixtures.  Test in early October.

2. Designed and fabricated deployment test fixtures.  Test in early October.

· Others:
1. AXB Mandrel reworked to 3.991".  One FLT layup tube produced.

2.1.7 Facility Development

2.1.7.1 Calibration Chamber (Ion Gun Facility)

Operational.

2.1.7.2 Thermal Vacuum Facilities

Written by Sharon Jelinski 

· Bayside (Small) T/V System, Room B20, in use.

1. Bayside system is in use practically full-time. Instrument tests in Bayside include: engineering test units of SPB, SST, and Preamps for IDPU

1. Bayside system operations have ranged from 80C to –145C, while maintaining a base pressure of 5 e-6 torr.

2. TQCM outgassing rates have steadily decreased with successive users and bake-outs.  Setting the TQCM to –20C for periods of at least 30 min, recorded rates are:

a. 2.2 KHz per hour when everything is baking at 60 degrees C.

b. 20 Hz per hour when everything is chilled to –125 degrees C.

c. Below 100 Hz per hour when everything is at room temperature.

3. Final tasks that have been closed out include:

a. Final cleaning of chamber and replacement of TQCM head.

b. Final measure of baseline TQCM and RGA. 

c. Upgrade LN2 valves, buy larger units and build a new manifold. 

4. Remaining tasks that are needed:

a. Check fine-tuning of cooling system control for less overshooting.

b. Finalize system documentation with user procedures for the full system, with additions for data storage and retrieval procedures.

c. Eventual LN2 connection to large LN2 bulk tank if and when available.

· THEMIS Snout T/V System – Fabrication in progress 

1. SSL successfully installed and wired Arcol resistors to the baseplate and shroud.

2. SSL painted inside surfaces of shroud with Z307 and then returned baseplate and shroud to Transfer Engineering for final assembly.

3. Transfer Engineering integrated the shroud and baseplate into the Snout vacuum chamber and found small leaks in the LN2 pluming system.  There were multiple attempts with multiple repairing of leaks at the following locations:

d. The copper tubing line below the shroud, which had been Ni coated, was bent slightly to fit into the chamber.  That bend caused a small leak.

e. The copper tubing along the top of the main shroud had a few fine holes.

f. The door shroud had a bellows that had been visibly scratched.

g. A few of the baseplate square copper tubing to mini conflat joints had to be re-welded. Most likely the tightening of Cu gaskets strained the joints.

4. As of today the Snout system has been verified by SSL as leak free at TE

5. TE will ship the Snout system and 2 lengths of 10 ft snout tubing to SSL on 10/13

6. The Snout system shall be fully integrated at SSL within a week and ready for it’s first instrument test user by October 20h .

7. Therm-X thermal system controller is already installed into vacuum cart, but must be connected to electrical systems once cart arrives at SSL.

8. Support systems to be installed at SSL include:

LN2 lines mounted to the cart, connect Therm-X lines and test, snout supports put in place and snout tubing installed, false door installed over cart midsection.

· BERTHA T/V System, Room B20, Fabrication in progress.

1. All shroud section and baseplate have been received from vendors. 

2. Shroud pieces and resistor clamping plates have been painted with Z307.

3. SSL shop has completed insertion of copper tubing in baseplate and cleaned.

4. Shroud Arcol resistors are currently being installed and wired.

5. Baseplate resistors will soon be installed and wired.

6. Therm-X thermal system controller is due for an SSL acceptance check on 10/13.

7. Thermal control rack and support equipment have arrived.

8. Electrical feedthru flanges are on order to mate in house 4” SSL flanges to standard 2.75” Conflat flanges.  This is to facilitate using new FT’s similar to the other two chambers.  Butt the existing 4” SSL flanges still have useful FT’s.

Probe and Probe Carrier

See Reference: ftp://apollo.ssl.berkeley.edu/pub/THEMIS/1.1 Management/REPORTS/thm_monthlyreport_0409_ppc.pdf
3  Ground Segment Development

Written by Manfred Bester

3.1 Mission Operations Development
3.1.1 Mission Design

Contributed by Sabine Frey

The THEMIS flight dynamics team further improved the IDL and GTDS based mission design code which is used to develop detailed orbit placement strategies and timelines for all five probes, independent of the launch date. The orbit placement is optimized for maximum conjunction time, minimum shadow duration and minimum number of maneuvers. The maneuver sequence itself is optimized for lowest delta V with the least amount of operational complexity and built-in slack to allow for probe and instrument commissioning, orbit determination and recovery from various contingencies. 

The effect of different launch RAAN values of 322, 312, 308 and 302 deg on shadow durations, conjunctions and accumulated delta V was explored. It appears that the most favorable RAAN falls near 308 deg, resulting in acceptable shadow durations and conjunction hours. The accumulated delta V for P1 for the entire mission is 720 m/s. Further refinement of the orbit placement is under way. The current state of the mission design was presented at the THEMIS Flight Dynamics and Mission Operations Review, held at Swales on October 5, 2004.

A statement of work for AI Solutions to configure their FreeFlyer software for THEMIS maneuver planning is being finalized. FreeFlyer will be used to obtain the optimum trajectory and to verify the delta V usage for each orbit maneuver. A second statement of work for orbit determination training has been developed and will be submitted to obtain a quotation.

3.1.2 Ground System Development

The development of the THEMIS ground data system is well on its way. The envisioned architecture for THEMIS is built on top of the existing multi-mission operations environment already in place at the Berkeley MOC. Additional software tools will be implemented to streamline data flows, to generate constellation overview displays and to populate databases with probe telemetry points. The latter will allow efficient access to telemetry archives for data trending and event analyses.

The MOC expansion has been completed and the operational consoles for FAST and RHESSI have been moved into the new room (237) to provide desk space for THEMIS consoles in the larger room (239). The workspace configuration for THEMIS mission operations and I&T was nearly finalized. A Linux workstation was procured and is currently configured to test the first THEMIS version of ITOS. The final design for the THEMIS Attitude Determination System is complete, and a requirements document has been released for review.

3.1.3 Mission Operations Planning

Regular telecons between Swales, Hammers and Berkeley operations team members were held to discuss operations related matters in the areas of telemetry and command processing, flight and ground software development and configuration, I&T related issues, development of operational procedures, flight rules and recovery from contingencies. A timeline for early orbit and normal operations is under development in collaboration with systems engineering and pertinent instrument scientists.

3.1.4 Ground Station and TDRSS Support

An RF ICD covering all interfaces between the probes and the ground stations as well as TDRSS is developed in collaboration with GSFC Code 451 and will be signed shortly. The PSLA for FY04 covering THEMIS support activities for NASA/GN, SN and FDF was signed in September.

3.1.5 Berkeley Ground Station

All items for BGS hardware upgrades have been delivered and are currently tested off-line prior to integration into the ground station. These include the Carrier Doppler Measurement System, Tracking Data Formatter, 200-W transmit power amplifier, receiver IF filters to match THEMIS data rates, a precision timing system, and a solid-state matrix switch for routing of baseband signals. Redundant serial servers that allow for remote control of RS-232 devices via TCP/IP network sockets have been fully integrated placed into operational status already. Plans to supply the antenna subsystem with back-up power provided by a Diesel generator are developed. All systems within the MOC are connected to the back-up power circuits already.

A matter of concern is the recent gear failure of the DataLynx 11-m antenna at Poker Flat, which is the twin of the Berkeley antenna. UCB is working with GSFC Code 544 and with the antenna manufacturer (L-3 Communications / ESSCO) to assess whether the BGS gearbox upgrades implemented in 2002 fixed the original design flaw, or if other measures need to be taken to maintain a reliable operational status. An inspection of the gear boxes is scheduled for October 26, 2004. For this purpose the azimuth motors and gear box covers will be removed temporarily. The system will be out of service for approximately 8 hours.

3.1.6 NTIA License

The Berkeley team worked with the GSFC Spectrum Management Office to prepare the application for the THEMIS NTIA license. Preliminary S-band frequencies were assigned to THEMIS and approved by the DoD. The GSFC Spectrum Management Office submitted the Stage 2 application to the NTIA, and approval is expected by late 2004.

3.1.7 Personnel

An additional member of the Flight Dynamics Team has been hired on September 3, 2004 to support mission design, maneuver planning and orbit determination. A second position for ground systems software support, in particular ITOS and MPS is still open and is expected to be filled by end of October 2004.

 3.2 Ground Based Observations Developments
Written by Stewart Harris

1. Activities reported for September
1. Production Unit Deployments Status.

· GBO#3 - Deployed and operating in Prince George, BC, Canada since September 24th.  All Sky Imager is mounted on 40' tower, erected by site custodian, Frank VanderZande.  See attached photo.
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· GBO#4 - Contruction was completed during this period and detailed check out was begun.  While this unit was scheduled to be deployed in McGrath, AK, it is being rerouted to the Ekati Diamond Mine in Northwest Territory, Canada.  The reason for this is largely so that deployment can take place before harsh weather sets in.  In addition, the contract for custodian help in McGrath has been delayed.

2. Production unit fabrication.

 Construction of units is slipping behind deployment schedule somewhat.  This is largely due to competition for technician time building flight instrumentation.  Some design modifications in ASI sun shade driver and ASI temperature sensing were incorporated in ASI systems with long cables.

3. Schedule for GBO deployment. 

· GBO#4 - Scheduled for installation at Ekati Diamond Mine near Lac de Gras in mid-Oct.

· GBO#5 - Scheduled for installation at McGrath, AK in mid-Nov.

· GBO#6 - Scheduled for installation at Flin Flon (Canada) TBD.

4. Software activities. 

 .  Software for both ASI and GMAG has continued to be upgraded, especially in response to field activities.

Planned activities for next period:

1. Deployment and construction activities will continue.

2. A visit to Athabasca is planned to repair the ASI, which is exhibiting power problems.

3.3 Science Operations Centre Developments
No report this month

4  Education and Public Outreach

Respectfully Submitted,  

THEMIS E/PO scientists Nahide Craig, Laura Peticolas

Formal Education: 

The UCB E/PO team ordered magnets and compasses for 12 GEONS teachers.  Only 40 magnets were in stock at Arbor Scientific so the E/PO team sent magnets and compasses to 4 teachers and waited for the backorder request to be shipped.  A CD with the THEMIS GEONS July workshop PowerPoint presentations on them were sent to all 12 teachers.  

S. Odenwald’s teacher guides titled: “The Northern Lights”, “Solar Storms and You”, and “Exploring the Earth’s Magnetic Field” were printed for distribution to the 12 teachers and sent.

School started for the GEONS teachers.  Many of them have planned on using the lessons that were presented at the THEMIS GEONS teacher workshop in July in their classes as well as incorporating auroral and magnetospheric physics in their classes in a way that makes most sense for their curriculum.

Informal Education and Public Outreach

N. Craig and L. Peticolas participated in the Idaho National Engineering and Environmental Laboratory (INEEL) Science and Technology Expo in Idaho Falls, ID September 23-25.  For this intensive outreach event, we had several tables set up to hand out materials and perform hands-on activities.  Over 6,500 students and over 3,000 teachers, parents, and chaperons attended this three day event.  At our booth we handed out THEMIS flyers and demonstrated four hands-on activities through our Exploring Magnetism Teacher’s Guide.  We took a Sun-Spotter which the Idaho Falls Astronomical Society used at their booth outside. We partnered with Montana and Idaho Space Grant Consortiums, which provided travel funds, and the SECEF, which provided materials from the Sun-Earth scale model activity to aurora books and posters to star pencils.  To find out more visit the URL: http://www.inel.gov/techtransfer/expo/
We also gave two different talks for the Astronomy Club of the Idaho Falls Astronomical Society; one about Sun-Earth Connection science and the other one about the UCB’s SEC Missions and their E/PO programs.

The THEMIS informational flyer was updated with comments from THEMIS scientists: V. Angelopoulos and C. Russell, and from an outside science reviewer, R. McPherron.  15,000 copies of the updated version were printed and 10,000 sent to CORE for dissemination of other SEC-themed materials as part of the Ancient Observatories Theme for this year.

S. Odenwald of E/PO partner wrote a Press Release for the teachers to use with their local communities when the magnetometer at their school is installed.

With the PI and PM and the IDEUM design group, we have finalized the design of the THEMIS Logo.  

w/ GBO science team:

L. Peticolas helped S. Harris and J. Keenan with the McGrath site installation and contract.

Cross Cutting:

We reported more than a dozen events/activities of THEMIS to EDCATS

5  Problems

Outstanding Problems

New Problems / Problem Avoidance

The first two probe bottom panels have been manufactured with serious defects, so that neither is able to be used for flight probes. As the bottom panel is on the critical path for the fabrication of the probe, these failures will have impacts in the probe assembly schedule.

The Bus Avionics Unit

Resolved Problems

ESA layouts have completed.
6  Risk Management

The Risk Management Board (RMB) is ready and waiting. 

7  Performance Assurance

Reported by Ron Jackson

Equipment Calibration
Equipment calibrations proceeding on schedule and working well.
Compliance to ESD requirements
Training and certification is 95% complete.

3 new workstations setup and working.
ESD table top audits checkout ok.

Workmanship Procedures/Processes
ESA anode boards, THANC and TLANC sent to Valley circuits for fabrication.

DCB at board at J&T for assembly.


Flight assembly at Jackson & Tull - PCB/FGE 70% complete
Motors assembly inspections- complete by UCB QA/GSFC

SPB assembly inspections- complete by UCB QA/GSFC
AXB assembly inspection- complete by UCB QA/GSFC

Assembly Instructions/ BOM
PCB/FGE - complete
DCB, DAP,DFE - AI and BOM complete

ESA LVPS kit complete, RFQ in process.
DFB BOM complete- Gerber scheduled to complete by week 3 of October.

Motor assembly BOM complete
SPB assembly BOM complete
.

Evaluate/Audit Contractor Shipments
Total number of EEE items received 86 shipments
Total number of EEE items received discrepant-20%
Type of EEE part discrepancies:
No date code or lot number provided
Missing Certificate of Conformance.
Qty delivered different than PO.

Vendor audits - UCLA cable harness assembly - Checked out OK


Clean Room Control
Large clean room is still under renovation- Operational by 11/1/04

Bayside is operational and weekly particle counts will start by 11/1/04

Data Packages and Logbooks
BEB testing in progress
PCB/FGE ETU testing in progress


Nonconformance Reports and Problem Reports
None

Material Handling and Shelf Life Storage
None


8  IV&V

Reported by David King

1. Themis has now responded to all BAU and IDPU IV&V Flight Software Requirements comments. BAU 104 of 104 (100%), IDPU 54 of 54 (100%) and the two System comments will be responded to in October.

2. A Flight Software Data Format Spec was sent to IV&V.

3. Themis will be beginning to respond to IV&V Flight Software Design comments in October. 

4. A revised MRD, Telecommand Format Specification and IDPU Flight Software Spec will be sent to IV&V in October.

9  Safety

Reported by David King

The following Themis Safety Issues are to be reviewed in October at the GOWG (Safety Splinter) at KSC:    


· Review current design of the RCS System 
· Pyro Category Classification 
· Off Loading Fuel 
· Number of Doors 
· EWR127-1 Feedback  from KSC/Range
· Materials Assessment Report 
· SMAO Deliverables
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Modules

		THEMIS																						Module Definition

																								9/28/04

		CSC#		Function		Name		Author		Spec		Phase		Dev		Test		ROM		RAM		EEP		Notes

		1		Executive		EXEC		PRH		SRS RevE		1		100%				400						OK

		2		Background		BKG		PRH		SRS RevD		1		100%				369						OK

		3		Commands		CMD		PRH		SRS RevD		1		100%				558						OK

		4		Telemetry		TM		PRH		SRS RevD		1		100%				854						OK

		5		Housekeeping		HSK		PRH		SRS RevD		1		100%				254						OK

		6		Loader		LD		PRH		SRS RevE		1		100%				381						OK

		7		Utilities		UTIL		PRH		SRS RevD		1		100%				269						OK

		8		Input/Output		IO		PRH		SRS RevD		1		50%				754						OK

		9		Power Manager		PWR		PRH		SRS RevD		2		100%				409						OK

		10		SSR Manager		SSR		PRH		SRS RevD		2		75%				604						4 FIFOS

		11		ACS Manager		ACS		PRH		SRS RevD		2		100%				327						OK

		12		EFI Manager		EFI		PRH		SRS RevD		2		90%				519						OK

		13		ETC Manager		ETC		PRH		SRS RevD		2		100%				827				51000		OK

		14		FGM Manager		FGM		PRH		SRS RevD		2		100%				627						One Rate Only.

		15		SCM Manager		SCM		PRH		SRS RevD		2		90%				51						One Rate Only.

		16		EFI Deployment		DEP		PRH		SRS RevD		3		100%				295						OK

		17		EFI/FGM Fit Manager		FIT		PRH		SRS RevD		3		10%								274		stub

		18		Spin Fit Calculator		SPIN		PRH		SRS RevD		3		100%								644		OK

		19		Matrix Solver		MATRIX		PRH		SRS RevD		3		100%								384		OK

		20		Trigonometrics		TRIG		PRH		SRS RevD		3		100%								199		OK

		21		Fast Floating Point		FFP		PRH		SRS RevD		3		100%								681		OK

		22		Compression Algs		CMP		PRH		SRS RevD		4										1250		stub

		23		Science Optimization		SCI		PRH		SRS RevD		4										591		stub

				RAM		RAM				SRS RevD		4		90%				0		5224		0		OK

		TOTAL																7498		5224		55023

				Function		Name				Spec		Phase		Dev										Notes

		Include		CPU Characteristics		CPUMAP		PRH		DCBA03		1		100%										OK

		Include		Input/Output Addresses		IOMAP		FGH		DCBA03		1		100%										OK

		Include		Restarts		RSTMAP		PRH		DCBA03		1		100%										OK

		Include		Memory Map		MEMMAP		FGH		DCBA03		1		100%										OK

		Include		APIDs		APIDMAP		PRH		fsw_003		2		100%										OK

		Include		Telemetry Sizes		TMMAP		PRH		fsw_003		2		100%										OK

		Include		Enable/Disable Bits		ENAMAP		PRH		fsw_005		3		100%										OK

		Include		Error Numbers		ERRMAP		PRH		fsw_005		3		100%										OK. OPEN FOR MORE

		Include		Spin Fitting Map		FITMAP		PRH		fsw_005		3												ISTP Version

				RAM		RAM		FGH		fsw_005		1		80%						5224				Is Modified in all Phases
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CPU

		THEMIS												CPU Utilization

		CSR Estimate (PI)				80196

		EFI		Spin Fit EFI data		20%

		ESA/SST		Moments		20%

		CMP		Compression		10%

		Burst		Triggering		10%

		Source. CSR Table 19.				60%

		During Phase A/B, an Actel definition of the ESA/SST moment calculator was

		proposed and the software task was removed.

		PDR Estimate				Usage		Est		Explanation		Cycles/Op		SpinPeriod		CPU Cyc

		EFI		Spin Fit E12		12.0%		Measured		Fit per spin of V12		720000		3		2000000

		FGM		Spin Fit Bx		12.0%		Measured		Fit per spin of Bx		720000		3		2000000

		BKG		Overhead		3.9%		Measured		Interrupts/second		256		3		2000000

		DMA		Instrument Data Input		2.4%		Analysis		Interrupt processing of inst data (157 packets/sec max)		47100		3		2000000

		TM		High Speed Telem		1.5%		Analysis		Interrupt processing to service 100 pps		30000				2000000

		HSK		Housekeeping Samples		2.6%		Analysis		Analog Sampling 256 Hzto Build HSK telemetry		51200				2000000

		EFI/ETC		Instrument Monitoring		0.8%		Analysis		5 Instrument Monitors @ 16Hz		16000				2000000

		SCI		Burst Triggering		1.4%		Analysis		8 IRFs (M+A) x 1Hz		28000				2000000

		TOTAL				36.5%

		CDR Estimate				Usage		Est		Explanation		Cycles/Op		SpinPeriod		CPU Cyc

		EFI		Spin Fit E12		12.0%		Measured		Fit per spin of V12		720000		3		2000000

		FGM		Spin Fit Bx		12.0%		Measured		Fit per spin of Bx		720000		3		2000000

		BKG		Overhead		3.9%		Measured		Interrupts/second		256		3		2000000

		DMA		Instrument Data Input		2.4%		Analysis		Interrupt processing of inst data (157 packets/sec max)		47100		3		2000000

		TM		High Speed Telem		1.5%		Analysis		Interrupt processing to service 100 pps		30000				2000000

		HSK		Housekeeping Samples		2.6%		Analysis		Analog Sampling 256 Hzto Build HSK telemetry		51200				2000000

		EFI/ETC		Instrument Monitoring		0.8%		Analysis		5 Instrument Monitors @ 16Hz		16000				2000000

		SCI		Burst Triggering		1.4%		Analysis		8 IRFs (M+A) x 1Hz		28000				2000000

		TOTAL				36.5%

		ETU I&T (August) Estimate				Usage		Est		Explanation		Cycles/Op		SpinPeriod		CPU Cyc

		FIT		Spin Fit E12		12.0%		Measured		Fit per spin of V12		720000		3		2000000

		FIT		Spin Fit Bx		12.0%		Measured		Fit per spin of Bx		720000		3		2000000

		BKG		Overhead		3.9%		Measured		Interrupts/second		78592				2000000

		ALL		Instrument Data Input		12.5%		Measured		Interrupt processing 139 packets/sec max		250200		0		2000000

		TM		High Speed Telem		1.5%		Analysis		Interrupt processing to service 100 packets/sec		30000				2000000

		HSK		Housekeeping Samples		0.8%		Analysis		Analog Sampling 32 Hz to Build HSK telemetry		16000				2000000

		EFI/ETC		Instrument Monitoring		0.8%		Analysis		5 Instrument Monitors @ 16Hz		16000				2000000

		SCI		Burst Triggering		1.4%		Analysis		8 IRFs (M+A) x 1Hz		28000				2000000

		TOTAL				44.9%

		FFP Performance Information				cycles/op

		ADD		Floating Add		1000

		SUB		Floating Subtract		1000

		MULT		Multiplicatoin		2500

		DIV		Division		5000





MEMORY

		THEMIS																						MEMORY

		Date		Version		PROM		RAM		Total		EEP		% PROM		%RAM		%EEPROM

		3/17/04		1.0		2715		6483		9198		41250		33%		28%		31%

		3/26/04		1.0		6238		4850		11088		43983		76%		34%		34%

		4/2/04		1.0		6238		4850		11088		43983		76%		34%		34%

		4/9/04		1.0		6019		4850		10869		43983		73%		33%		34%

		4/13/04		1.0		5913		3904		9817		65983		72%		30%		50%

		4/22/04		1.0		6585		3904		10489		54983		80%		32%		42%

		5/11/04		1.0		7074		3904		10978		54983		86%		34%		42%

		7/1/04		1.0		7352		3904		11256		54983		90%		34%		42%

		7/29/04		1.1		7356		5393		12749		54983		90%		39%		42%

		8/13/04		1.2		6895		5224		12119		54983		84%		37%		42%

		8/29/04				7037		5224		12261		54983		86%		37%		42%

		9/17/04				7634		5224		12858		55023		93%		39%		42%

		9/28/04		1.4		7739		5224		12963		55023		94%		40%		42%

		10/18/04		1.4		7498		5224		12722		55023		92%		39%		42%

		10/18/04		1.4		7498		5224		12722		55023
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MEMORY

		



% PROM

%RAM

%EEPROM



EXEC

		THEMIS												EXEC FOREGROUND

		CPU Cycles/sec				2000000

		MAIN LOOP		Cycles		Secs		Loop/sec

		Call RunUser		47

		Call Cmd_Decode		47

		Call TM_Encode		47

		Call SSR_EXEC		106

		Call FIT_EXEC		27

		Call Sci_Exec		27

		Call CMP_EXEC		27

		DI		4

		LHLD		16

		INX		5

		SHLD		16						Factor				Measurements on ETU

		EI		4						MS Byte

		Jmp		10						8				Date		Foreground		Avail

		Total		383		0.0001915		5221.9321148825		163				8/12/04		144		88%

														8/15/04		142		87%

		RunUser

		LDA		13

		CPI		7

		RNZ		9

		Total		29

		Cmd_Decode

		LDA CMD_STAT		13

		ANI OUTRDY		7

		RZ		9

		Total		29

		Tm_Encode

		LDA TMSTAT		13

		ANI INRDY		7

		RZ		9

		Total		29

		Sci_Exec

		LDA SCISTAT				Stubbed

		ANI TDD

		RZ		9

		Total		9

		SSR Currently

		LXI		10

		Mov a,m		7

		ani		7

		call ssr pwr chk		44

		ora b		4

		mov m,a		7

		ret		9

				88

		ssr pwr chk

		in		10

		ani		7

		ret		9
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SSR

		

		CPU Frequency		4000000		Set by Hardware Design

		CPU Cycles/second		2000000

		Restart 7.5 Timing		0.000002		SEC

		Interrupt Period		0.00390625		sec

		Restart 7.5 Percentage		0.1%

		PKT_GET_NEXTMT

		MOV		4

		MVI		7

		MOV A,M		7

		ANI		7

		LXI		10

		JMP INDIRECT		10		169

				214

		INDIRECT

		ADD		4

		ADD		4

		MOV		4

		JNC		10

		INR

		XCHG		5

		MOV A,M		7

		INX		5

		MOV H,M		7

		MOV L,A		4

		XCHG		5

		PUSH		10

		MOV		4

		RET		10

				79

		EN WRITE

		LHLD		16

		CALL EN_INCR		18		61

		LDA		13

		CMP		4

		JNZ		7

		LDA		13

		CMP		4

		JZ		7

		SHLD		16

		RET		10

				169

		EN_INCR

		INR		4

		RNZ		5

		INR		4

		LDA		13

		CMP H		4

		RNZ		5

		LHLD		16

		RET		10

				61



PKT_GET_NEXTMT:
 MOV L,A   ;MAP FROM SENSOR IDENTIFIER
 MVI H,SEGMAP/256  ;TO THE SEGMENT WE SHOULD USE
 MOV A,M   ;TO STORE THE DATA
 ANI 7   ;
 LXI D,PGNTABLE  ;
 JMP INDIRECT  ;
;
PGNTABLE: DW RET_NULL  ;0. RETURN NULL
 DW EN_WRITE  ;1. ENGINEERING
 DW QL_WRITE  ;2. QUICK LOOK

INDIRECT:
 ADD A  ;TIMES 2
 ADD E  ;ADD TO [DE]
 MOV E,A  ;
 JNC IND1  ;
 INR D  ;
IND1: 
 XCHG .  ;SWAP TO [HL]
 MOV A,M  ;PICK UP 2 BYTES
 INX H  ;
 MOV H,M  ;
 MOV L,A  ;
 XCHG .  ;RESTORE [HL]
 PUSH D  ;PUT THE ADDRESS ON STACK
 MOV A,L  ;[A]=DATA PART IF COMMAND
 RET .  ;VECTOR TO LOCATION...

EN_WRITE:
 LHLD EN_INPTR ;STEP QL INPUT POINTER AND RETURN
 CALL EN_INCR  ;INCREMENT/CHECK THE ADDRESS
 LDA EN_OUTPTR ;IF [HL]=OUTPTR, THEN THE
 CMP L  ;SEGMENT IS FULL, EXIT AND
 JNZ ERX  ;RETURN NULL POINTER
 LDA EN_OUTPTR+1 ;
 CMP H  ;
 JZ RET_NULL ;
ERX: SHLD EN_INPTR ;SAVE THE POINTER
 RET .  ;RETURN
;
; READ A PACKET FROM THE ENGIN SEGMENT
; ON ENTRY: [HL]->AVAILABLE PACKET COUNTER TO BE DECREMENTED
; ON EXIT: [HL] = PACKET WHICH IS READY FOR TELEMETRY
;
EN_READ: DCR M  ;
 LHLD EN_OUTPTR ;STEP EN OUTPUT POINTER
 CALL EN_INCR  ;
 SHLD EN_OUTPTR ;
 RET .  ;
;
; INCREMENT QL POINTER IN [HL] AND RESET IF HITS THE END
;
EN_INCR: INR L  ;INCREMENT LOWER BYTE
 RNZ .  ;IF NOT ZERO, WE'RE OK
 INR H  ;UPDATE THE UPPER BYTE
 LDA EN_END+1 ;CHECK FOR THE END OF THE SEGMENT
 CMP H  ;
 RNZ .  ;
 LHLD EN_START ;WRAP INPUT BACK TO START
 RET .  ;



EFI

		

		CPU Frequency		4000000		Set by Hardware Design

		CPU Cycles/second		2000000

		Restart 7.5 Timing		0.000005		SEC

		Interrupt Period		0.00390625		sec

		Restart 7.5 Percentage		0.1%

						Sec		CPU%

		32 HZ IDLE		1052		0.000526		1.7%

		32 HZ MAX		6064		0.003032		9.7%

		EFI MGR32

		MVI		7

		CALL HEADER_MGR		18		165

		MVI		7

		CALL HEADER_MGR		18		165

		MVI		7

		CALL HEADER_MGR		18		165

		MVI		7

		CALL HEADER_MGR		18		165

				760

		HSWP

		LXI		10

		LXI		10

		LDAX B		7

		ADD M		7

		MOVM,A		7

		RLC		4

		SLDE		5

		DCX B		5

		DCX H		5

		JNC		10

		SLDE		5

		LDA		13

		ANI		7

		ADD E		4

		STA		13

		JMP		10

		OUT		10

		RET		10

				292

		HEADER MGR

		LDA		13

		ADD		4

		LXI		10

		ADD		4

		MOV E,A		4

		LHLX		10

		MOV C,L		4

		MOV B,H		4

		LDA		13

		CALL PKT RD		18		48

		SHLX		10

		DSB		5

		MOV		4

		ORA		4

		RZ		10

				165

		EFI_WRITE

		LDA		13

		ADD		4

		MOV		4

		ADD		4

		ADD		4

		LXI		10

		RST		12		14

		CALL		18		20

		LDA		13

		CALL EFIPKTRD		18		48

		CALL PKTNUM2PAGE		18		80

		CALL SETPAGE		18		48

		LXI		10

		DAD		5

		XCHG		5

		LDA		13

		ADD		4

		MOV		4

		ADD		4

		ADD		4

		LXI		10

		RST		12		14

		XCHG		5

		CALL GENHEADER		18		334

		CALL GENCONFIG		18		127

		LDA		13

		ADD		4

		CALL GET NEXT EMPTY		18		214

		LDA		13

		JMP		10		48

				1253

		SET PAGE

		MOV		4

		OUT		10

		MOV		4

		OUT		10

		RET		10

				38

		PKTNUM2PAGE

		MOV		4

		RRC		4

		RRC		4

		RRC		4

		RRC		4

		ANI		7

		MOV		4

		MVI		7

		SRHL		5

		SRHL		5

		MOV		4

		ANI		7

		ORI		7

		MOV		4

		RET		10

				80

		EFI_PKT_RD

		OUT		10

		IN		10

		MOV		4

		IN		10

		MOV		4

		RET		10

				48

		GEN_HEADER

		MVI		7

		RST COPY		12		144

		MVI		7

		LXI		10

		JMP COPY		10		144

				334

		GEN_CONFIG

		LDA		13

		MOV M,A		7

		INX		5

		MVI		7

		MOV M,A		7

		INX		5

		LDA		13

		ADD		4

		LXI		10

		ADD		4

		MOV E,A		4

		LDAX D		7

		MOV M,A		7

		DCX D		5

		INX H		5

		LDAX D		7

		MOV M,A		7

		RET		10

				127



EFI_MGR32:
 MVI A,9  ;CHECK ON ALL BURST CHANNELS IN ONE INTERRUPT
 CALL HEADER_MGR_A
 MVI A,10
 CALL HEADER_MGR_A
 MVI A,11
 CALL HEADER_MGR_A
 MVI A,12
 CALL HEADER_MGR_A
;
HSWP: LXI H,ACCUMS+12 ;[HL]->HIGH RATE ACCUMULATORS
 LXI B,RATES+12 ;[BC]->HIGH RATE TIMES
 LXI D,01000H ;4 SHIFTS MEANS 4 RESULTS
GSM: LDAX B  ;[A]=TIME FOR THIS 32 HZ PERIOD
 ADD M  ;ADD TO THE ACCUMULATOR
 MOV M,A  ;
 RLC .  ;IF MSB=1, THEN WE'RE GOING TO BE FULL
 SLDE .  ;AND NEED TO SWAP AT THE NEXT INTERVAL.
 DCX B  ;
 DCX H  ;
 JNC GSM
 SLDE .  ;[E]=000WWWW0
;
 LDA EFISWAPS+1 ;PUT INTO THE SWAPS REGISTER
 ANI 0E1H  ;
 ADD E
 STA EFISWAPS+1 ;
 JMP EFI_HSWP_WRT ;WRITE EFI SWAPS (HIGH ONLY)

HEADER_MGR:
 LDA EFICHAN  ;[DE]->LAST PKT ADDRESS WE SAW FOR THIS CHANNEL
 ADD A  ;
 LXI D,EFIPKTLAST ;
 ADD E  ;
 MOV E,A  ;
 LHLX .  ;[BC]=LAST PACKET ADDRESS
 MOV C,L
 MOV B,H  ;
;
 LDA EFICHAN  ;READ THE CHANNEL NOW AND SAVE THE ADDRESS
 CALL EFI_PKT_RD ;
 SHLX .  ;
;
 DSB .  ;[HL]=[HL]-[BC]
 MOV A,H  ;
 ORA L  ;
 RZ .  ;IF NO CHANGE, EXIT
;

EFI_WRITE:
 LDA EFICHAN  ;COMPUTE 6*CHAN+3 TO POINT AT THIS PACKET COUNT
 ADD A  ;*2
 MOV B,A  ;
 ADD A  ;*4
 ADD B  ;*6
 LXI H,EFIPHT+3 ;UPDATE THE PACKET COUNT
 RST REF/8
 CALL UPD_PSC   ;
;
 LDA EFICHAN  ;GET THE PACKET NUMBER (CHANNEL) WHICH JUST SWAPPED IN
 CALL EFI_PKT_RD
;
 CALL PKTNUM2PAGE ;CONVERT PACKET NUMBER TO PAGE AND OFFSET
 CALL SET_PAGE1 ;SET THE PAGE
 LXI H,PAGE1  ;PAGE1 STARTING ADR
 DAD D  ;[HL]= 8085 ADDRESS OF THE HEADER
 XCHG .  ;SAVE IN [DE]
;
 LDA EFICHAN  ;COMPUTE 6*CHAN TO POINT AT THIS PACKET
 ADD A  ;*2
 MOV B,A  ;
 ADD A  ;*4
 ADD B  ;*6
 LXI H,EFIPHT ;
 RST REF/8  ;
 XCHG .  ;
 CALL GEN_HEADER ;COPY THE HEADER [DE]->PRIMARY HEADER, [HL]->TARGET PACKET
 CALL GEN_CONFIG ;COPY THE CONFIGURATION INFORMATION
;
GET_NEXT:
 LDA EFICHAN  ;ASK FOR A NEW PACKET NUMBER
 ADI EFI_APID&255  ;
 CALL PKT_GET_NEXTMT ;[HL]->NEXT AVAILABLE 4K BUFFER
;
 LDA EFICHAN  ;WRITE THE PACKET NUMBER TO THE DMA NEXT FOR THIS CHANNEL
 JMP EFI_DMA_WRT ;

SET_PAGE1: ;HL to page 1 register
 MOV A,L
 OUT PGREG1LO ; 13x
 MOV A,H
 OUT PGREG1HI ; 14x
 RET
;
; PKTNUM2PAGE
; ON ENTRY: [HL]= PACKET NUMBER
; ON EXIT: [HL]= ARGUMENT FOR SET_PAGE, [DE]=OFFSET WITHIN PAGE
;
 PUBLIC PKTNUM2PAGE
PKTNUM2PAGE: 
 MOV A,L
 RRC
 RRC
 RRC 
 RRC
 ANI 30H
 MOV D,A
 MVI E,0 ; DE+ 8085 PAGE ADR (8000 or C000)=8085 PKT ADR
;
 SRHL . ; SHIFT HL RIGHT
 SRHL . ; SHIFT HL RIGHT
 MOV A,H
 ANI 7FH ; 
 ORI 40H ; FORCE TO BE SDRAM
 MOV H,A
 RET .

MVI C,PRIMARY_SIZE ;COPY THE PRIMARY HEADER
 RST COPY/8  ;
 MVI C,SECDARY_SIZE ;COPY THE SECONDARY HEADER
 LXI D,CLOCK  ;
 JMP COPY  ;

GEN_CONFIG:
 LDA EFICONFIG ;[0]= CONFIGURATION
 MOV M,A
 INX H
 MVI A,0E1H  ;[1]=SPARE
 MOV M,A  ;
 INX H
;
 LDA EFICHAN  ;[2,3]= CDITABLE[APID&FF]
 ADD A  ;
 LXI D,CDITABLE+1 ;MSBYTE FIRST
 ADD E
 MOV E,A
;
 LDAX D  ;MOVE 2 BYTES
 MOV M,A  ;IN INVERSE ORDER
 DCX D  ;
 INX H  ;
 LDAX D  ;
 MOV M,A  ;
 RET .



BKG

		THEMIS										BACKGROUND

		CPU Frequency		4000000		Set by Hardware Design

		CPU Cycles/second		2000000

		Restart 7.5 Timing		0.0001535		SEC

		Interrupt Period		0.00390625		sec

		Restart 7.5 Percentage		3.9%

		INTERRUPT IMPACT

		RESTART 7.5

		restart		18

		jump		10

		push		12

		push		12

		push		12

		push		12

		out ctrlo		10

		in ctrhi		10

		sta msec		13

		in sptr		10

		lxi h,spinangle		10

		cmp m		7

		mov m,a		7

		cnz acs_sample		5

		lda msec		13

		ani 63		7

		call vector		48

		call clear_tmrint		38

		pop		10

		pop		10

		pop		10

		pop		10

		ei		4

		ret		9

		Total		307

				2000000

				0.0001535		sec

		VECTOR

		adi		7

		mov		4

		mvi		7

		mov		7

		pchl		5

		Total		30

		Housekeeping Sampler

		adi 2		7

		mov c,a		4

		ani		7

		rnz		9

		Total		27

		SPIN PHASE DETECTION

		IN		10

		LXI H, SPINANGLE		10

		CMP M		7

		MOV M,A		7

		CNZ ACS_SAMPLE		5

				39

				2000000

				0.0000195		sec

				0.50%

		HST DETECTION		MIN		MAX

		RIM		5

		ANI		7

		CNZ TM_HST_SERVICE		5		208

				17		208

				2000000		2000000

				0.22%		1.04%

		TM HST SERVICE

		LHLD HSTPTR		5

		CALL HST_ADDR_WRTM		146

		MOV A,L		4

		ADI		7

		STA HSTPTR		13

		RET		10

				185

		HST IO WRITE

		MOV A,M		7

		OUT		10

		INR L		4

		MOV A,M		7

		OUT		10				;c42

		INR L		4

		MOV A,M		7

		OUT		10				;c43

		INR L		4

		MOV A,M		7

		OUT		10				;c44

		INR L		4

		MOV A,M		7

		OUT		10

		MVI A		7

		OUT PULREG		10

		RET		10

				128
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HSK

		THEMIS		Housekeeping A/D Conversion Information

						Units

		Positive Input Range		2.5		Volts

		Positive Output Code		256		Codes

		Scale Factor (SF8)		0.0098		V/code

		Positive Input Range		2.5		Volts

		Positive Output Code		32768		Codes

		Scale Factor (SF15)		0.000076		V/Code

		Example

		Enter Voltage Input to ADC here:		3.7520		Volts

		A/D Code Returned in TLM		384		Codes

		Enter Scale Factor A1		6.77734375		mAmps/Volt

		Enter Offset Factor A0		-413.41		mAmps

		Scaled/Offset Value Output		2189.09

		DCB Analog				DCB#		NAME		CDI		#Qtys

		PCB Housekeeping Backplane Pin A11				0		PCBHSK		A0		39		0-30 plus 8 upper bits

		ESA Housekeeping ESA Connector Pin 1				1		ESAHSK		F6		8

		Temp FPGA Thermistor near DCB - FGPAs				2		DCBFPGAT		x		1

		Temp SDRAM Thermistor near SDRAM				3		DCBSRRT		x		1

		BEB Housekeeping Backplane Pin B11				4		BEBHSK		61		20

		GND DCB Ground Plane				5		DCBGND		x		1

		DAP Housekeeping Backplane Pin B23				6		DAPHSK		C9		8

		3.3 Voltage Monitor DCB 3.3V supply (scaled to 2/3)				7		DCB3V		x		1

												79

		PCB ANALOG		CDI A0+		BEB		CDI 61+		PCB DIG		CDI A0+		DAP		CDI C9+		ESA		CDI F6+		DCB		DCB#

		IMON_P10VA		0		BIAS1C		32		Turns1		31		SST_TEMP1		8		tbd		0		FPGAT		2

		IMON_N10VA		1		USHER1C		36		Turns2		63		SST_TEMP2		9		tbd		1		SSRT		3

		IMON_P5VA		2		GUARD1C		40		Turns3		95		SST_TEMP3		10		tbd		2		GND		5

		IMON_N5VA		3		BIAS2C		44		Turns4		127		SST_TEMP4		11		tbd		3		DCB3V		7

		IMON_N8VA		4		USHER2C		48		ESA Cvr		159		SST_BIAS		12		tbd		4

		IMON_P5VD		5		GUARD2C		52		spare		191		VREF		13		tbd		5

		IMON_P2.5VD		6		SPBTEMP		56		spare		223		PS		14		tbd		6

		IGND		7		AXBTEMP		60		spare		255		NS		15		tbd		7

		IVMON_P10VA		8		BIAS3C		68

		IVMON_N10VA		9		USHER3C		72

		IVMON_P5VA		10		GUARD3C		76

		IVMON_N5VA		11		BIAS4C		80

		IVMON_P8VA		12		USHER4C		84

		IVMON_N8VA		13		GUARD4C		88

		IVMON_P5VD		14		TEMPA		92

		IVMON_P2.5VD		15		XX		96

		IMON_P28VR		16		BIAS5C		132

		IVMON_P28VR		17		USHER5C		136

				18		GUARD5C		140

		IVMON_ACT		19		BIAS6C		144

		IMON_SMA		20		USHER6C		148

		IVMON_SMA		21		GUARD6C		152

		IFGE_HSK1		22		BRAIDC		156

		IFGE_HSK2		23		XX		160

		IMON_EFI BOARD		24

		IMON_EFI X		25

		IMON_EFI Y		26

		IMON_EFI Z		27

		IVMON_IDPU		28

				29

		ITEMP1		30

		DIGITAL MUX		31
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DMA_DFB

		THEMIS

				from DFB ICD

				Name		Data ID		Ap ID		Type		ADC Source		DFB Actel		For		Avail-able		Fmin (Hz)		Fmax (Hz)		Comp-nents		Freq Bins		Min (Sp/s)		F.3 (Sp/s)		Max (Sp/s)		Bits		Bits/s		Duty Cycle		Vol. (24 hr)

				Spin Fit Quantities																																				3.20M

		450		EFit		80		--		SpinFit		E12DC, E34DC, E56DC		Main		DCB Proc		Always		DC		25		3				128		*1/3		128		16		*32		100%		2.74M

		450		VFit		80		--		SpinFit		V1-V4		Main		DCB Proc		Always		DC		25		4				128		*1/3		128		16		*5		100%		0.46M

				Trigger Data

		451		FBankT1		81		--		Trig		Same as Fbank1		Main		DCB Proc.		Always		0.8		6 kHz				11		16				16		8		--		100%		--

		451		FBankT2		81		--		Trig		Same as Fbank2		Main		DCB Proc.		Always		0.8		6 kHz				11		16				16		8		--		100%		--

		451		HFAve		81		--		Trig		HF		Main		DCB Proc.		Always		100k		500k						16				16		8		--		100%		--

		451		HFPeak		81		--		Trig		HF		Main		DCB Proc.		Always		100k		500k						16				16		8		--		100%		--

				Filter Bank / Slow Survey																																				2.08M

		440		FBank1		64		64		SVY		Any ADC Source but ExxAC		Main		DCB SVY TM		Always		0.8		3 kHz				6		1/16		1/4		8		8		12		100%		1.04M

																				100k		500k

		440		FBank2		64		64		SVY		Any ADC Source but ExxAC		Main		DCB SVY TM		Always		0.8		3 kHz				6		1/16		1/4		8		8		12		100%		1.04M

																				100k		500k

				Fast Survey Waveforms																																				18.66M

		441		VAFS		65		65		FS		V1-V6		Main		DCB FS TM		FS		DC		0.8-100		0-6				2		2		256		16		192		45%		3.73M

		442		VBFS		66		66		FS		V1-V6		Main		DCB FS TM		FS		DC		0.8-100		0-6				2		2		256		16		--		45%		--

		443		EFS		67		67		FS		E12DC, E34DC, E56DC		Main		DCB FS TM		FS		DC		0.8-100		0-3				2		8		256		16		384		45%		7.46M

		444		SCMFS		68		68		FS		SCM1, SCM2, SCM3		Main		DCB FS TM		FS		1 Hz		0.8-100		0-3				2		8		256		16		384		45%		7.46M

				Particle Burst Waveforms																																				27.70M

		445		VAPB		69		69		PB		V1-V6		Main		DCB FS TM		FS		DC		0.8-100		0-6(2)				2		16		256		16		512		5%		1.10M

		446		VBPB		70		70		PB		V1-V6		Main		DCB FS TM		FS		DC		0.8-100		0-6				2		16		256		16		--		5%

		447		EPB		71		71		PB		E12, 34, 56 DC or Der.		Main		DCB FS TM		FS		DC		0.8-100		0-3				2		128		256		16		6144		5%		13.30M

		448		SCMPB		72		72		PB		SMC1, 2, 3 or Derived		Main		DCB FS TM		FS		1 Hz		0.8-100		0-3				2		128		256		16		6144		5%		13.30M

				Wave Burst Waveforms																																				13.00M

		449		VAWB		73		73		WB		V1-V6		Main		DCB FS TM		FS		DC		200-6k		0-6(1)				512		8k		8k		16		128k		0.05%		1.86M

		44A		VBWB		74		74		WB		V1-V6		Main		DCB FS TM		FS		DC		200-6k		0-6				512		8k		8k		16				0.05%

		44B		EWB		75		75		WB		E12, 34, 56 DC/AC or Der.		Main		DCB FS TM		FS		DC		200-6k		0-3				512		8k		16k		16		384k		0.05%		5.57M

		44C		SCMWB		76		76		WB		SMC1, 2, 3 or Derived		Main		DCB FS TM		FS		1 Hz		200-6k		0-3				512		8k		8k		16		384k		0.05%		5.57M

				Particle Burst Spectra																																				4.40M

		44D		Spec1		77		77		PB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		1		8		8		256		5%		1.10M

		44D		Spec2		77		77		PB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		1		8		8		256		5%		1.10M

		44D		Spec3		77		77		PB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		1		8		8		256		5%		1.10M

		44D		Spec4		77		77		PB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		1		8		8		256		5%		1.10M

				Wave Burst Spectra																																				3.6M

		44E		Spec1		78		78		WB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		8		8		8		2048		0.05%		0.9M

		44E		Spec2		78		78		WB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		8		8		8		2048		0.05%		0.9M

		44E		Spec3		78		78		WB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		8		8		8		2048		0.05%		0.9M

		44E		Spec4		78		78		WB		ADC or Derived		Spectra		DCB FS TM		FS		8		8k				16, 32, 64		1/4		8		8		8		2048		0.05%		0.9M





MOVES

		THEMIS								MOVES

		Copy Timing

		LDAX D		7

		MOV M,A		7

		INX H		5

		INX D		5

		DCR C		4

		JNZ LOOP		13

				41

		CPU Cycles/second		2000000

		Seconds/byte		0.0000205				47.64		KB/sec

		Time to transfer		0.00390625

		Max bytes copied/interrupt		190.5487804878

		Word Copy Timing

		LDAX D		7

		MOV M,A		7

		INX H		5

		INX D		5

		LDAX D		7

		MOV M,A		7

		INX H		5

		INX D		5

		DCR C		4

		JNZ LOOP		13

				65

		CPU Cycles/second		2000000

		Seconds/loop		0.0000325				60.10		KB/sec

		Time to transfer		0.00390625

		Max bytes copied		240.3846153846

		How much can one move in an interrupt?

		1 Interrupt Time		0.0039		sec

		Using Word Transfers		240.4		Bytes

		Using Byte Transfers		190.5		Bytes

		Checksum Timing

		ADD M		7

		INX H		5

		DCX B		5

		JNG LOOP		13

				30

		CPU Cycles/second		2000000

		Seconds/byte		0.000015				65.10		KB/sec

		Time to transfer		0.00390625

		Max bytes copied/interrupt		260.4166666667
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ACS

		THEMIS										ACS

		CPU Frequency		4000000

		CPU Cycles/second		2000000

														SpinPer		DeltaPer		Min		Max

														3		0.0135		-0.000517		0.000305

		SECTORING ALGORITHM		Nominal		Min		Max

		Spin Period		3.000		2.500		6.000		Seconds				3.000		2.987		2.973		2.960		2.946		2.933		2.919		2.906		2.892		2.879		2.865		2.852		2.838		2.825

		Input frequency		8388608		8388608		8388608						8388608		8388608		8388608		8388608		8388608		8388608		8388608		8388608		8388608		8388608		8388608		8388608		8388608		8388608

		Sector Clock (2^14/Spin)		5461.3		6553.6		2730.7		Hz				5461.3		5486.0		5510.9		5536.1		5561.4		5587.0		5612.9		5639.0		5665.3		5691.9		5718.7		5745.7		5773.1		5800.7

		N Divider to Get Sector Clock		1536.0		1280.00		3072.0						1536.00		1529.09		1522.18		1515.26		1508.35		1501.44		1494.53		1487.62		1480.70		1473.79		1466.88		1459.97		1453.06		1446.14

		N+1		1537.0		1281.0		3073.0						1537.0		1530.0		1523.0		1516.0		1509.0		1502.0		1495.0		1488.0		1481.0		1474.0		1467.0		1460.0		1454.0		1447.0

		N		1536.0		1280.0		3072.0						1536.0		1529.0		1522.0		1515.0		1508.0		1501.0		1494.0		1487.0		1480.0		1473.0		1466.0		1459.0		1453.0		1446.0

		Sector Freq N+1		5457.78		6548.48		2729.78						5457.78		5482.75		5507.95		5533.38		5559.05		5584.96		5611.11		5637.51		5664.15		5691.05		5718.21		5745.62		5769.33		5797.24

		Sector Freq N		5461.33		6553.60		2730.67						5461.33		5486.34		5511.57		5537.03		5562.74		5588.68		5614.86		5641.30		5667.98		5694.91		5722.11		5749.56		5773.30		5801.25

		Sectors to Run with N+1		0		0		0						0		22		45		67		90		112		135		157		180		202		225		247		14		36

		Sectors to Run with N		256		256		256						256		234		211		189		166		144		121		99		76		54		31		9		242		220

		Polling Latency		0.0039		0.0039		0.0039						0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039		0.0039

		Time at N+1		0.004		0.004		0.004		Seconds				0.004		0.261		0.527		0.778		1.040		1.287		1.543		1.786		2.037		2.275		2.522		2.755		0.159		0.401

		Time at N		2.996		2.496		5.996		Seconds				2.996		2.726		2.446		2.181		1.906		1.646		1.376		1.120		0.855		0.603		0.343		0.096		2.679		2.423

		2^14 Clocks at N+1		21.32		25.58		10.66						21.32		1428.58		2899.96		4307.53		5779.24		7187.14		8659.19		10067.43		11539.82		12948.41		14421.16		15830.10		917.95		2325.28

		2^14 Clocks at N		16362.67		16358.40		16373.33						16362.67		14955.43		13484.03		12076.48		10604.75		9196.87		7724.80		6316.59		4844.17		3435.61		1962.84		553.92		15466.04		14058.74

		Total Clocks		16383.986		16383.980		16383.997						16383.986		16384.009		16383.989		16384.012		16383.992		16384.015		16383.994		16384.017		16383.996		16384.019		16383.998		16384.020		16384.000		16384.024

		Angular Error		0.000305		0.000439		0.000076		Degrees				0.000305		-0.000190		0.000236		-0.000259		0.000176		-0.000319		0.000124		-0.000371		0.000081		-0.000414		0.000049		-0.000446		0.000007		-0.000517

				FINE ADJUST ONLY (2*OBJ-LOC-ERR/2)								Loc-Obj

				Loc Time		Loc Period		Obj Time		Obj Period		Phase Err

				1.00		3.00		0.00		3.30		1.000

				4.00		3.10		3.30		3.30		0.700

				7.10		3.15		6.60		3.30		0.500

				10.25		3.20		9.90		3.30		0.350

				13.45		3.23		13.20		3.30		0.250

				16.68		3.25		16.50		3.30		0.175

				19.93		3.26		19.80		3.30		0.125

				23.19		3.28		23.10		3.30		0.087

				26.46		3.28		26.40		3.30		0.062

				29.74		3.29		29.70		3.30		0.044

				33.03		3.29		33.00		3.30		0.031

				36.32		3.29		36.30		3.30		0.022

				39.62		3.30		39.60		3.30		0.016

				FINE ADJUST ONLY (2*OBJ-LOC-ERR/2)								Loc-Obj

				Loc Time		Loc Period		Obj Time		Obj Period		Phase Err

				0.00		3.00		0.00		3.30		0.000

				3.00		3.60		3.30		3.30		-0.300

				6.60		3.15		6.60		3.30		0.000

				9.75		3.45		9.90		3.30		-0.150

				13.20		3.23		13.20		3.30		0.000

				16.43		3.38		16.50		3.30		-0.075

				19.80		3.26		19.80		3.30		0.000

				23.06		3.34		23.10		3.30		-0.038

				26.40		3.28		26.40		3.30		0.000

				29.68		3.32		29.70		3.30		-0.019

				33.00		3.29		33.00		3.30		0.000

				36.29		3.31		36.30		3.30		-0.009

				39.60		3.30		39.60		3.30		0.000
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ACS

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Phase Err

Phase Err 
Divider Period = 2*OBJ - LOC - ERROR/2



CMP

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Phase Err

Phase Err 
Divider Period = 2*OBJ - LOC - ERROR/2



Huffman

		THEMIS														Compression

		HUFFMAN4 BIT ENCODER

		Input		Result		Shift

		i0i1i2i3		r0-r8		s3s2s1s0

		0000		0		1

		0001		1000		100

		0010		1001		100

		0011		1010		100

		0100		1011		100

		0101		1100		100

		0110		1101		100

		0111		1110		100

		1000		111100		110

		1001		111101		110

		1010		111110		110

		1011		11111100		1000

		1100		11111101		1000

		1101		11111110		1000

		1110		111111110		1001

		1111		111111111		1001

		Cycles				2000000

		Memory Cap KB				91552.734375		KB

		Performance Estimates

		HUFF4x2		Input		Output

		Cycles/Byte		40		110

		Length		1024		512

		Total		40960		56320

		Cycles/KB				97280

		KB/Second				20.6

		Compressing 750 Mb				4453.1		Secs

						1.24		Hrs

		D-Mod-8		Min		Max

		Diff of 8		680		680

		Decide		50		50

		Encoding		335		640

		Total		1065		1370

		Cycles/KB		136320		175360

		KB/second		14.7		11.4

				6240.2		8027.3		Seconds

				1.7		2.2		Hrs





DELTAMOD

		THEMIS								HUFFMAN4

		Huffman Encoding . 2x4 bits at a time (1Byte)

		Use the code to vector to 256 routines

		LDAX D		7

		MOV L,A		4

		MVI H,PAGE/2		7

		DAD H		5

		PCHL		5

		JMP		13

		VECTOR TOTAL		41

		TYPICAL ROUTINES

		"GENERATE 00":  ADD A		4		0.875		3.5

		CC STORE		9		0.875		7.875

								11.375

		STORE: STAX B		7		0.125		0.875

		INX B		5		0.125		0.625

		MVI A,1		7		0.125		0.875

		(CALL) RET		19		0.125		2.375

								4.75		16.125

		"GENERATE 001":  ADD A		4		0.333		1.333

		CC STORE		9		0.333		3.000

		ADD A		4		0.333		1.333

		CC STORE		9		0.333		3.000

		STC		4		0.333		1.333

		ADD A		4		0.333		1.333

		RNC		5		0.333		1.667

								13

		STORE: STAX B		7		0.125		0.875

		INX B		5		0.125		0.625

		MVI A,1		7		0.125		0.875

		(CALL) RET		19		0.125		2.375

								4.75		17.75

		Cycles Per Byte

		1.0 KB Input		41984

		0.5 KB Output		138752

		TOTAL		180736

		Cycles/Sec		2000000

		KB/second		11.07

		Registers need to be fixed & optimized.

		Cluster Data Sample Rammed into Huffman 4 bit Encoders A and B

				4-Bit Nibbles		IN		IN Total		A.Out		A.Total		B.Out		B.Total

				44576		4		178304		1		44576		2		89152

				7176		4		28704		4		28704		2		14352

				7026		4		28104		4		28104		2		14052

				181		4		724		4		724		4		724

				6902		4		27608		4		27608		4		27608

				1683		4		6732		4		6732		4		6732

				253		4		1012		4		1012		6		1518

				8		4		32		4		32		6		48

				6752		4		27008		6		40512		6		40512

				353		4		1412		6		2118		8		2824

				1677		4		6708		6		10062		8		13416

				91		4		364		8		728		8		728

				256		4		1024		8		2048		10		2560

				6		4		24		8		48		10		60

				23		4		92		10		230		10		230

				17		4		68		10		170		10		170

								307920				193408				214686

												1.59				1.43
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SST

		THEMIS								DELTAMOD

		For Each 64 Bytes (32 Samples) input

		Calculate Differences		2927

		Select_Encoder		50

		Encoder Average		3155

				6132

				191.625		Cyc/Byte

		Processor Cycle Freq		2000000

				10.1924331376		KB/second

		Build an Array of Orig+31 Delta Values from the Original Value

		[DE]->ORIGINAL VECTOR, [HL]->DELTA ARRAY

		LHLX		10

		INX		5

		INX		5

		SHLD DELTA		16

		MOV B,H		4

		MOV C,L		4		44		44		PER ORIGINAL

		LHLX		10

		DSB		7

		SHLD DELTA+1		13

		CC ABS		5		35

		LDA ORH		13						The OR register determines the

		ORA H		4						size of the worst delta.

		MOV H,A		4

		LDA ORL		13

		ORA L		4

		MOV L,A		4

		SHLD OR		16		58		93		PER DELTA

		Total						2927		Cycles per 32 Words

		Cycles/Word Input						91.469		Cycles

		Select Which Encoder of the Delta Array

		LDA ORH		13						On Average

		ADD A		4						4		tests

		JC CMP16		10						50		cycles

		JZ TRY8		10

		ADD A		4

		JC CMP15		10

		TRY8: LDA ORL		13

		ADD A		4

		JC ENCODER8		10

		Encoder 4

		MOV E,M		7				Encode 4 bit data

		INX H		5

		MOV D,M		7

		INX H		5

		MOV A,E		4

		STAX B		7

		INX B		5

		MOV A,D		4

		STAX B		7

		INX B		5.00

		MVI A,44H		7

		STAX B		7

		INX B		5		75

		MOV A,M		7

		ANI 0F0H		7

		MOV E,A		4

		INX H		5

		INX H		5

		MOV A,M		7

		INX H		5

		INX H		5

		ANI 0FH		7

		ORA E		4

		STAX B		7

		INX B		5		68		Per Byte Output

		32 Byte Encoder 4				1129		Cycles

		Encoder 10 - (32 Bytes, 16 samples)						Encode 10-bit deltas

		LHLD DELTA+2		16

		SRHL		5

		SRHL		5

		MOV A,L		4

		STAX D		7

		INX D		5		42

		LHLD DELTA+4		16

		SRHL		5

		LDA DELTA+2		13

		MOV H,A		4

		SRHL		5

		SRHL		5

		MOV A,L		4

		STAX D		7

		INX D		5		64

		31 Byte Encoder 10				2026		Cycles
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Diagrams

		0												SST

		Memory Map								Histogram Spaces

		ADDRESS		FTO		Functions				ADDRESS		Functions		Size (BYTES)

		0x1FFFF		111		LUTs				0x03FFF		Reserved		14848

		0x1C000								0x00600

		0x1BFFF		110		LUTs				0x005FF		Histogram Spaces2		512

		0x18000								0x00400

		0x17FFF		101		Reserved				0x003FF		Reserved		512

		0x14000								0x00200

		0x13FFF		100		LUTs				0x001FF		Histogram Spaces1		512

		0x10000								0x00000

		0x0FFFF		11		LUTs								16384

		0x0C000

		0x0BFFF		10		LUTs

		0x08000

		0x07FFF		1		LUTs

		0x04000

		0x03FFF		0		Histogram

		0x00000				Spaces



DAP_HSK line

MUX codes - see section 1.3 of SST commands4.doc



SSR_DWGS

		

				SSTx2				DAP				ACS.A				BKG.A				EXEC.A

				ESA				ETC				ETC.A						IO.A				LD.A

																						CMD.A				BAU I/F

				SCM				DFB				SCM.A

																						TM.A

				SPBx4

				AXBx2				BEB				EFI.A										SSR.A				SDRAM

																								SCI.A

				FGS				FGE				FGM.A										CMP.A

								IDPU														FIT.A				TRIG.A

								Circuits				HSK.A

																						SPIN.A				MATRIX

				Actuators				PCB				PWR.A				DEP.A

				Motor Ctl

																										FFP.A

				IDPU FSW OVERVIEW										Development Phases : I, II, III, IV = Pink, Yellow, Green, Blue

																		KB						No.		KB

																		124				ECC		65535		262140

																								49152		196608

																								49151		196604

																		72						49150		196600

																		68						49149		196596

						KB												64						…		-

						60		PAGE1
(BACKGROUND)										60						15		60

						56												56						14		56

						52												52						13		52

						48												48						12		48

						44		PAGE0
(EXECUTIVE)										44						11		44

						40												40						10		40

						36										DFB51		36						9		36

						32										DFB50		32						8		32

						28		RAM										28						7		28

						24		RAM										24						6		24

						20		RAM										20						5		20

						16		RAM										16						4		16

						12		RAM										12						3		12

						8		RAM										8						2		8

						4		PROM/RAM										4						1		4

						0		PROM/RAM										0				TRASH		0		0

								8085 MEMORY								SRAM						SDRAM

																128 KB						256 MB

														DFB50 : SPIN FIT DATA

				IDPU MEMORY MAP										DFB51 : TRIGGERING DATA

								Allocation Table						Burst 
(96 MB)								S0		N+1 Search Areas

						Burst		24576														S1

						Survey		24576														S2

						Quick Look		1024														S3

						Eng		1024														S4

																						C0		N Collect Areas

								Packet Counters

						Burst		18432														C1

						Survey		19661

						Quick Look		256						Survey 
(96 MB)								C2

						Eng		768

																						C3

														Quick Look 
(4 MB)

																						(Eg. N=4)

						TMENABLE		x.x.x.x.B.S.Q.E						Engineering 
(4 MB)						Notes:

						CMPENABLE		x.x.x.x.B.S.Q.E												Eng, Q-Look, Survey are 100% returned

																				Bursts are overwritten by better data.

				Operator Controlled Telemetry Enables																Survey & Engineering can be replayed.

				Compression Enables to Allow Access to Memory

																				Alloc(N) used to set mem size

																				MEMCONF used to reconfigure

																				Memory lost in MEMCONF

																				Eng, QL, Survey are Simple FIFOs

				SSR.A - Memory Configuration

								OUT		IN

				IN																IN				OUT

														OUT

						FULL						HALF FULL										EMPTY

						FILLED BY TM						PLAYED UNDER

						IF ENABLED						HST ISR CALL								Notes:

																				FIFO HOLDS 32 Packet Pointers

																				Each Pointer is 5 bytes (w/ 3 fill)

				TM.A - HIGH SPEED TELEM INTERRUPT ROUTINE																Buffer is 32x8 = 256 bytes

														SST (51 KB)

								Program Information

						Version		23										8000

						EEPROM Address		C040H						Program #3

						8085 Address		4000H

						Length		3000

						Version		22

						EEPROM Address		8040H						Program #2

						8085 Address		4000H

						Length		3000

						Version		21

						EEPROM Address		4040H						Program #1

						8085 Address		4000H

						Length		3000												Notes:

						Version		20												All checksums are "AA"

						EEPROM Address		0040H						Program #0						"Version" is not used. Only for info.

						8085 Address		4000H												A load cannot cross 16K

						Length		300												A load cannot go below 3000H in 8085

																		0

				EEPROM Configuration

						SPACECRAFT CLOCK (UTC)

						C4		C5		01		05		80		90				Time at the Next Tick

																				Transferred to IDPU during the second.

																				Latched into IDPU Clock at 1 Hz Tick

						IDPU CLOCK (UTC)

						C4		C5		01		05		80		90				Continuously Updated at 256 Hz

																				Used to Time Tag Packet Headers

						INTERNAL CLOCKS (1Hz Relative)

												02		20						Msec is Read from HDW Circuit

												Seconds		Msec						Seconds is Incremented Each Msec=00

						SPIN PULSE

												08		20		00				Subseconds Latched by HDW at Spin Pulse

																				Read by ACS module

																				ACS Module supplies Seconds

						SUN PULSE

												08		20		00				Subseconds Latched by HDW at Sun Pulse

																				Read by ACS module

																				ACS Module supplies Seconds

				TIMING

								OUT		IN

				IN														CMP		IN				OUT

										CMP				OUT

						FULL						HALF FULL										EMPTY

				SSR.A - FIFO STORAGE LOGIC WITH COMPRESSION
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1Hz

1Hz

1Hz

1Hz

64Hz

4Hz

32Hz

1Hz

1Hz

1Hz

1Hz

2/Spin

1/256 Spin

100Hz

4Hz

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds

Cmds



		

												IN								IN								IN

																				CMP								CMP				OUT				CMP				OUT

																																				IN

				IN				OUT				CMP				OUT								OUT

						EMPTY								HALF RAW								PART COMPRESSED								TM CATCHES UP								FULL

																														(TM WILL STOP

																														IF IT FINDS CMP)

				SSR.A - FIFO STORAGE LOGIC WITH COMPRESSION
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