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�INTRODUCTION

Overview



The �title �USA POINTING REQUIREMENTS� identifies the specifications for the development of the pointing hardware and software for the USA xray experiment on the ARGOS satellite.  After development, this document will serve as the user's guide.  This is the only document generated for the pointing subsystem and will be updated as needed.



The USA xray experiment has two axes of rotation about the satellite's yaw and pitch axes.  The controlling electronics occupies one slot in the VME-like-bus back plane.  The Harris 80C86 microprocessor running at 4 MHz will control the board.  The PSC and CPU pass data and interrupt each other by use of a dual port RAM.  This feature frees the PSC from uploading and downloading data to the CPU.

Positioning Goals and Rates



Positioning Goals

�SYMBOL 183 \f "Symbol" \s 10 \h�	positioning control in both pitch and yaw

�SYMBOL 183 \f "Symbol" \s 10 \h�	both pitch and yaw have 180 deg of motion

�SYMBOL 183 \f "Symbol" \s 10 \h�	position goal of 0.02 deg, 72 arcsec

�SYMBOL 183 \f "Symbol" \s 10 \h�	SV goal of 0.1 deg, 360 arcsec

�SYMBOL 183 \f "Symbol" \s 10 \h�	I=15 kg.m.m, max torque 2 oz.in



Motor

�SYMBOL 183 \f "Symbol" \s 10 \h�	200 steps per revolution



Gearing

�SYMBOL 183 \f "Symbol" \s 10 \h�	200:1 x 5:1 x 161:1 = 161000:1

�SYMBOL 183 \f "Symbol" \s 10 \h�	8.05 arcsec per step, 0.002236 deg per step

�SYMBOL 183 \f "Symbol" \s 10 \h�	447.22 steps per deg

�SYMBOL 183 \f "Symbol" \s 10 \h�	65,535 steps per 146 deg  (16 bits will be needed to represent this number, max for 16 bits)

�SYMBOL 183 \f "Symbol" \s 10 \h�	80,500 steps per 180 deg  (17 bits will be needed to represent this number)

�SYMBOL 183 \f "Symbol" \s 10 \h�	131,072 steps per 293 deg  (17 bits will be needed to represent this number, max for 17 bits)

�SYMBOL 183 \f "Symbol" \s 10 \h�	161,000 steps per 360 deg  (18 bits will be needed to represent this number)

�SYMBOL 183 \f "Symbol" \s 10 \h�	there is a hardware interrupt with every step

�SYMBOL 183 \f "Symbol" \s 10 \h�	step counter zeroed at fiducial or SAE value

�SYMBOL 183 \f "Symbol" \s 10 \h�	backlash, wind up, slop



Encoder

�SYMBOL 183 \f "Symbol" \s 10 \h�	encoder accuracy of 0.0055 deg or 20 arcsec per 1 bit

�SYMBOL 183 \f "Symbol" \s 10 \h�	encoder given 360 deg per 16 bits



Rates

�SYMBOL 183 \f "Symbol" \s 10 \h�	50 kHz clock driving rates

�SYMBOL 183 \f "Symbol" \s 10 \h�	20 usec per 1 cycle

�SYMBOL 183 \f "Symbol" \s 10 \h�	1 step per 8.05 arcsec

�SYMBOL 183 \f "Symbol" \s 10 \h�	Vmax=20 deg/min = 149 steps/sec; 50000/150 = 335 cycles/step

�SYMBOL 183 \f "Symbol" \s 10 \h�	Vnom=3.6 deg/min = 27 steps/sec; 50000/27 = 1852 cycles/step

�SYMBOL 183 \f "Symbol" \s 10 \h�	Acceleration is 120 deg/min/min, 2 deg/min/sec, 15 steps/sec/sec

�SYMBOL 183 \f "Symbol" \s 10 \h�	from rest to Vmax, at Amax, it will take 10 sec, about 2 deg

�Definitions, Acronyms and Abbreviations

CPU�Common Processor Unit��PSC�Pointing Scanning Controller��Mtr�Stepping Motor��SAE�Shaft Angle Encoder��Fid�Fiducial��LS�Limit Switch��+LS�The Limit Switch that is hit while moving up in SAE value��-LS�The Limit Switch that is hit while moving down in SAE value��Up�Moving the shaft such that the SAE value increases��Down�Moving the shaft such that the SAE value decreases��BP�Back Plane��SV�Space Vehicle��DPR�Dual Port RAM��������������������������������������������������������������������������������������������������������������

�PSC HARDWARE

Block Diagram
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�Microprocessor

The Harris 80C86 has a 16 bit data bus and a 20 bit address bus.  The lower 16 bits of the address bus are time multiplexed with the data bus.  The 20 bit address bus addresses 1 Megabyte of memory.  The Harris 80C86 has two modes of operation, MINimum and MAXimum.  The PSC runs in MINimum mode.

System Performance

The Harris 80C86 runs at 4 MHz, a duty cycle of 250 nanosec.  Memory must be faster than the microprocessor's duty cycle, the nominal access time is 150 nanosec.  It takes about 4 cycles per operation.  Running at 4 MHz, there is time for about 1 million instructions per second.

Memory Map

Type�Manuf�Name�Size�Speed�Address�Memory Map�Segment��������FFFF0-FFFFF�Bootstrap Page��PROM�Harris�6617�2kx8x2�100�FF000-FFFFF�FF000-FFFEF�Code��������20000-FEFFF�(No memory)��EEPROM�SEEQ�28C256�32kx8x2�200�10000-1FFFF�10000-1FFFF�Code��������08000-0FFFF�(No memory)��Dual Port RAM�IDT�7025�8kx16x1�70�04000-07FFF�04000-07FFF�Data Extra Stack��������00400-03FFF�Data Extra Stack��SRAM�UTMC�67164�8kx8x2�50�00000-03FFF�00000-003FF�256 Interrupt Vectors��I/O Map

Port No.�Address�Size�Register��0�0x00�1x16�Interrupt vector and enables��1�0x02�1x16�Command and Status��2�0x04�1x16�Pitch SAE data��3�0x06�1x16�Yaw SAE data��4�0x20�8x16�82C54��5�0x40�8x16�82C54��6�0x60�8x16�DPR Semaphores��Interrupts

Int. No.�Address�Name�Entry Point��0�0 - 3�Divide by Zero�default_io()��1�4 - 7�Single Step�default_io()��2�8 - B�NMI  (Not Implemented)�default_io()��3�C - F�Breakpoint�default_io()��4�10 - 13�Overflow�default_io()��5�14 - 17�(Reserved)�default_io()��6�18 - 1B�Not Used�default_io()��7�1C - 1F�Calculations�calc_io()��8�20 - 23�IRQ 0  SV and Command Input�command_io()��9�24 - 27�IRQ 1  4 msec Clock�4msec_io()��A�28 - 2B�IRQ 2  Fork (Command Execution)�fork_io()��B�2C - 2F�IRQ 3  Pitch Position Encoder Ready�pdata_io()��C�30 - 33�IRQ 4  Yaw Position Encoder Ready�ydata_io()��D�34 - 37�IRQ 5  Limit Switches�limit_io()��E�38 - 3B�IRQ 6  (Not Implemented)�default_io()��F�3C - 3F�IRQ 7  (Not Implemented)�default_io()��10-FF�40-3FF�Not Used�default_io()���Register Assignments

Port 0 - Interrupt Vector and Enable���Port 1 - Command and Status����0�Vector  lsb�R�0�Pitch Step Enable�R/W��1�Vector�R�1�Pitch Direction�R/W��2�Vector�R�2�Yaw Step Enable�R/W��3�Vector		(VCC)�R�3�Yaw Direction�R/W��4�Vector		(GND)�R�4�Limit Switch Over Ride�R/W��5�Vector		(GND)�R�5�Fork�R/W��6�Vector		(GND)�R�6�Safety�R/W��7�Vector  msb	(GND)�R�7�4msack�R/W��8�IRQ 0 Enable/Disable�R/W�8�Pitch +LS Int.�R��9�IRQ 1 Enable/Disable�R/W�9�Pitch -LS Int.�R��10�IRQ 2 Enable/Disable�R/W�10�Pitch Fid Int.�R��11�IRQ 3 Enable/Disable�R/W�11�Pitch SAE Int.�R��12�IRQ 4 Enable/Disable�R/W�12�Yaw +LS Int.�R��13�IRQ 5 Enable/Disable�R/W�13�Yaw -LS Int.�R��14�Not used	(GND)�R�14�Yaw Fid Int.�R��15�Command Int.�R�15�Yaw SAE Int.�R��(lsb = bit 0)



Watch Dog Conditions

1.	If Pitch SAE Int. high while Pitch STEP rises

2.	If Yaw SAE Int. high while Yaw STEP rises

3.	If CMD Int. high while DPR WR\ lowers

4.	If 4 msec count goes over 250

5.	There should be an interrupt when an illegal op code is executed.

6.	There should be an interrupt when the stack overflows.

7.	The Divide Error and Overflow Interrupts will be used.

Deadman Condition



�Cables

�Wire Name�Wire Count�Current (mA)�Wire Description��SAE�+5 Volts/Return�2�100�Twisted Pair����SYMBOL 177 \f "Symbol"� Update�2�2�Twisted Pair����SYMBOL 177 \f "Symbol"� Clock�2�2�Twisted Pair����SYMBOL 177 \f "Symbol"� Out�2�2�Twisted Pair��� +LS�1�5�Single Wire��� -LS�1�5�Single Wire���Fiducial�1�5�Single Wire���Thermistor�2�3�Twisted Pair����13 wires����������Motor�+24 Volts�2�290�Single Wires���A+�1�290�Single Wire���A-�1�290�Single Wire���B+�1�290�Single Wire���B-�1�290�Single Wire���Thermistor�2�3�Twisted Pair����8 wires����(Flex Unit, Cable lengths, total lengths)



�Back Plane Connector

�P1����P2�����pin�ROW A�ROW B�ROW C�pin�ROW A�ROW B�ROW C�pin��1�D00��D08�1��+5V��1��2�D01��D09�2��GND��2��3�D02��D10�3����3��4�D03��D11�4����4��5�D04��D12�5����5��6�D05��D13�6����6��7�D06��D14�7����7��8�D07��D15�8����8��9�GND��GND�9��P LS +LS��9��10����10�P UPDATE�P LS -LS�Y UPDATE�10��11�GND���11�P UPDATE/�P FID�Y UPDATE/�11��12�RD/��RESET/�12�P CLOCK�GND�Y CLOCK�12��13�WR/���13�P CLOCK/�+5V�Y CLOCK/�13��14�DT-R/���14�P OUT�Y LS +LS�Y OUT�14��15�GND���15�P OUT/�Y LS -LS�Y OUT/�15��16����16��Y FID��16��17�GND��CS08/�17����17��18����18����18��19�GND���19�P MTR A+��Y MTR A+�19��20��GND��20�P MTR A+��Y MTR A+�20��21����21�P MTR A-��Y MTR A-�21��22���CS03/�22�P MTR A-�GND�Y MTR A-�22��23��GND�A15�23�P MTR B+��Y MTR B+�23��24�A07��A14�24�P MTR B+��Y MTR B+�24��25�A06��A13�25�P MTR B-��Y MTR B-�25��26�A05��A12�26�P MTR B-�MTR1 +24V�Y MTR B-�26��27�A04��A11�27��MYR1 +24V��27��28�A03��A10�28��MTR2 +24V��28��29�A02��A09�29��MYR2 +24V��29��30�A01��A08�30����30��31����31��GND��31��32�+5V�+5V�+5V�32��+5V��32��

�Power



+24 Volts



Max. and Nom.



�EMBED EQUATION ���



+5 Volts

Max.	1.3 A	6.5 W

Typ.	1.0 A	5.0 W

�PCB Design Items



Design Quote

Layout and PCB design based on materials provided.

Board

Conduction-Cooled Eurocard  (9.187 x 6.299 inches)

IEEE 1101.2-1992

Quality Requirements

PROTO - Best Commercial Practice

FLIGHT - MIL-P-55110, MIL-STD-275

Layers

PROTO - 

	Routing Layer #1

	+5 Volt Power Plane

	Digital Ground Plane

	Routing Layer #2

FLIGHT - 

	Digital Ground Plane

	Routing Layer #1

	Routing Layer #2

	+5 Volt Power Plane

	Digital Ground Plane

	Routing Layer #3

	Routing Layer #4

	Digital Ground Plane

Parts Placement

�SYMBOL 183 \f "Symbol" \s 10 \h�	Parts placement shown on layouts provided is preferred placement.

�SYMBOL 183 \f "Symbol" \s 10 \h�	Parts placement can be modified by designer to economize design.

�SYMBOL 183 \f "Symbol" \s 10 \h�	All bypass capacitors shall have the ground/power pins attached to the appropriate ground/power plane.

�SYMBOL 183 \f "Symbol" \s 10 \h�	All IC's shall have their ground/power pins routed directly to their corresponding bypass capacitor, and shall not be connected to ground/power plane.

�SYMBOL 183 \f "Symbol" \s 10 \h�	Bypass capacitors shall be placed such that the ground trace to the appropriate IC is a minimum length.



NOTE:



Recipient of award will receive the following items from NRL:

�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD Schematic (hard copy and file)

�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD Netlist (file only)

�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD PCB recommended placement (hard copy only)

�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD Board Design specifications (file and hard copy)



�SYMBOL 183 \f "Symbol" \s 7 \h�	Recipient of award will deliver the following items to NRL:

�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD PCB drill drawing file, Final Version

�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD PCB board routing drawing file including PCB mechanical dimensions, Final Version

�SYMBOL 183 \f "Symbol" \s 7 \h�	(This information may be depicted on drill drawing in lieu of a final separate drawing if appropriate.)



�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD PCB Artwork files with 2:1 hard copy for each routing layer, Final Version

�SYMBOL 183 \f "Symbol" \s 7 \h�	ORCAD PCB Artwork files with 2:1 hard copy for each unique ground/power plane, Final Version



�SYMBOL 183 \f "Symbol" \s 7 \h�	Photo Plots for each Routing Layer, Final Version  (upon approval of Recipients Artwork by NRL)

�SYMBOL 183 \f "Symbol" \s 7 \h�	Photo Plots for each Solder Mask Layer, Final Version  (upon approval of Recipients Artwork by NRL)

�SYMBOL 183 \f "Symbol" \s 7 \h�	Photo Plots for each unique ground/power plane, Final Version  (upon approval of Recipients Artwork by NRL)

�Part List



PSC�Revised:�December  2, 1993��HS-CE-5040�Revision:�P2��NRL SPACE SCIENCE����Bill Of Materials�December    2, 1993           15:05:49�Page 1  of  1��

Item�Quantity�Reference�Part��1�26�C1,C2,C5,C6,C7,C8,C9,C10,C11,C12,C13,C14,C15,C16,C17,C18,C19,C20,C21,C22,C23,C24,C25,C26,C27,C28�0.1�SYMBOL 109 \f "Symbol"�F��2�2�C3,C4�330pf��3�8�D1,D2,D3,D4,D5,D6,D7,D8�1N4942��4�2�JP1,JP2�JUMPER��5�2�J1,J2�VME3X32M��6�8�Q1,Q2,Q3,Q4,Q5,Q6,Q7,Q8�IRFF130��7�2�R1,R2�120�SYMBOL 87 \f "Symbol"���8�14�R3,R4,R5,R6,R7,R8,R9,R10,R11,R12,R13,R14,R15,R16�5.6K�SYMBOL 87 \f "Symbol"���9�1�U1�AM26LS31DC��10�1�U2�AM26LS32DC��11�2�U3,U4�CD4050BMS��12�2�U5,U6�UT67164��13�1�U7�7025��14�2�U8,U9�28C256��15�2�U10,U11�HS-6617RH��16�2�U12,U13�HS-82C54RH��17�1�U14�A1020A��18�1�U15�HS-80C86RH��19�2�U16,U17�HCS373��20�1�U18�ACTS74��21�1�U19�HCS00��22�1�U20�HCS139��23�5�U21,U22,U23,U24,U25�HCS245��24�1�U26�HCS164��25�1�Y1�CO-402A-7D��

All parts must be able to withstand 30k Rads

Chips should be DIPS if possible.

�Timing Diagram

�EMBED MSDraw   \* mergeformat���

1.	The Step Interval pulse is the start of the timing chain.  The frequency of this pulse corresponds to the rate at which the detector rotates.  This pulse also initiates the chain, if absent, no other signals are produced.  During the falling edge, Step Enable and Direction are 'locked' in for the duration of the interval.  On the rising edge, the State Machine updates.



2.	The Step Pulse is the amount of time the MOSFETs are on.  This corresponds to the amount of energy needed to move the stepper motor one step.



3.	The SAE Delay is the amount of time from the rising edge of SAE Update that it takes for the SAE to read the shaft angle.  The rated time is 120 usec.



4.	The SAE Shift corresponds to 16 cycles, needed to shift in the serial data.



5.	When the data is ready, an Interrupt to the 8086 is generated.  The Step Interval must be at least one clock cycle longer than the total time for the timing chain.  At this time, the SAE data is read, step count is adjusted by one based on direction, delta count is decremented, the TLM data is updated, the new direction and step enable is read and if delta count is 0 then step enable is turned off.



6.	This is the 'free' time.  During fast rates, small intervals, not much calculation time is needed.  The above diagram represents the maximum rate for the USA experiment.



�82C54  (Three Independently Programmable 16 bit Counters)

The 82C54s in the PSC are used to control the stepping rate and the step pulse width for each axis.  They also generates the 50 kHz and 250 Hz (50% duty cycle) clocks by dividing the 4 MHz (system) clock.



Functional Description:

An 82C54 has three independent 16 bit counters, a control word, 8 bit data bus with CS\, RD\ and WR\.  Only the information needed to work with the 82C54s in the PSC will be presented, for a complete description, please refer to an 82C54 data sheet. 



Power-Up Conditions:

The 82C54 is undefined at powered up.  Each counter must be programmed before it can be used.



Programming the 82C54:

To program a counter, the control word must be written first followed by the initial count.



Control Word:

The following is the control word and its different formats, followed be a description of each bit.



D7�D6�D5�D4�D3�D2�D1�D0��SC1�SC0�RW1�RW0�M2�M1�M0�BCD��SC1�SC0�0�0�0�0�0�0��1�1�Count�Status�CNT2�CNT1�CNT0�0��

SC1�SC0���M2�M1�M0���0�0�Select Counter 0��0�0�0�Mode 0, Interrupt��0�1�Select Counter 1��0�0�1�Mode 1, One-Shot��1�0�Select Counter 2��0�1�0�Mode 2, Rate��1�1�Read-Back Command��0�1�1�Mode 3, Square Wave������1�0�0�Mode 4, SW Trig��RW1�RW0���1�0�1�Mode 5, HW Trig��0�0�Counter Latch Command.�������0�1�R/W LSB only��BCD - Binary Coded Decimal:�����1�0�R/W MSB only��0�Binary Counter 16 bits����1�1�R/W LSB then MSB��1�BCD Counter (4 decades)����

Read-Back Command Format���D5:�0=Latch count of selected Counter(s)��D4:�0=Latch status of selected Counter(s)��D3:�1=Select Counter 2��D2:�1=Select Counter 1��D1:�1=Select Counter 0��



Read Operations

There are three types of read commands.  A read at the counter address returns the current count value, but the value is not latched and could give undefined results if the value is changing.  The Counter Latch Command control word could be written.  At this point the current count value for the counter requested is latched waiting to be read at the counter address.  Any further request for value latching is ignored until the current value is read.  If the count value is two bytes, then two reads must be issued, LSB first and then MSB.  The Read-Back Command allows the latching of the count and status of each counter in one command.  It is functionally equivalent to several Counter Latch Commands.  If both status and count are requested, the status is returned first, followed by one or two bytes of count (depending on how it is programmed).  The returned status byte is defined as follows:



D7�D6�D5�D4�D3�D2�D1�D0��PIN�NUL�RW1�RW0�M2�M1�M0�BCD��

D7:�1=Out Pin is 1���0=Out Pin is 0��D6:�1=Null Count���0=Count available for reading��D5-D0:�Counter programmed mode��



Addresses, Control Words and Initial Counts of the two 82C54s used in the PSC:

The count value for counters 0 and 1 of both 82C54s are variable.  The tables that follow describe possible count values followed by the equations used to create the tables.  To produce acceleration and deceleration, the rate count is changed with each step.  Once a count down has started, it will complete even if a new count value has been loaded.  The PSC uses a table of pre-defined counts to create the desired acceleration and deceleration.  Also, the length of the step pulse must be shorter than the rate interval.



Address�Selects�Mode�Control Word�Count�Clock�Generates��0x20�Counter 0�2�0x34��SYMBOL 42 \f "Symbol"��50 KHz�P_RATE\��0x22�Counter 1�1�0x52��SYMBOL 83 \f "Monotype Sorts"��50 KHz�P_STEP\��0x24�Counter 2�3�0x96�0x50 (80)�4 MHz�50 KHz��0x26�Control Word�������0x40�Counter 0�2�0x34��SYMBOL 42 \f "Symbol"��50 KHz�Y_RATE\��0x42�Counter 1�1�0x52��SYMBOL 83 \f "Monotype Sorts"��50 KHz�Y_STEP\��0x44�Counter 2�3�0x96�0xC8 (200)�50 KHz�250 Hz��0x46�Control Word�������

deg/min��SYMBOL 42 \f "Symbol"� cycles/step���SYMBOL 109 \f "Symbol"�sec/step�steps/sec��0.5�13416�0x3468�268320�3.7��1.0�6708�0x1A34�134160�7.5��4.0�1677�0x068D�33540�29.8��10.0�670�0x029E�13400�74.6��20.0�335�0x014F�6700�149.3��40.0�167�0x00A7�3340�299.4��54.0�124�0x007C�2480�403.2��(lsb and then msb for word operations)



Step Pulse Width (�SYMBOL 109 \f "Symbol"�sec)��SYMBOL 83 \f "ZapfDingbats"�Count���20�1�0x01��2460�123�0x7B��3740�187�0xBB��5100�255�0xFF��(lsb for byte operations)



�EMBED EQUATION ���









All the equations below are with respect to moving one step.  The sample IDL program (right) has been used to help create the acceleration table.  The variable count holds the value that is programmed into the 82C54.

�EMBED EQUATION ����dd=2.0*2.0*8.05*60/3600



v0=0.0

v=0.0

dv=0.0

dt=0.0

t=0.0

count=0

i=0

vmax=20.0



print,i,v,dv,dt,t,count



while v lt vmax do begin

 i=i+1

 v0=v

 v=sqrt((v0*v0)+dd)

 dv=v-v0

 dt=dv/2.0

 t=t+dt

 count=fix(dt*50000)

 print,i,v,dv,dt,t,count

endwhile



end

��











�7025  (High Speed 8K x 16 Dual-Port Static RAM)



D0 is the only data line used.



Address�A3�A2�A1�A0�D0�Selects��0x60�0�0�0�0�X�Semaphore 0��0x62�0�0�1�0�X�Semaphore 1��0x64�0�1�0�0�X�Semaphore 2��0x66�0�1�1�0�X�Semaphore 3��0x68�1�0�0�0�X�Semaphore 4��0x6A�1�0�1�0�X�Semaphore 5��0x6C�1�1�0�0�X�Semaphore 6��0x6E�1�1�1�0�X�Semaphore 7��





28C256  (SEEQ EEPROM)



Internal timer used for writing

Auto erase before write.

DATA\ polling feature used to determine the end of a write cycle

Data can be read 200 ns after the write cycle has completed.

Data retention is greater than 10 years.

�Shaft Angle Encoder (SAE)



�EMBED MSDraw   \* mergeformat���





Limit Switches (LS) and Fiducial (Fid)



The Limit Switches and Fiducial operate in a similar manner.  Each consists of a single line that is pulled to +5 volts and grounded when hit.  The state of each line can be read in the status register.



There is hardware support for two limit switches per axis.  The limit switches are named with respect to SAE movement.  The +LS is the limit switch that would be hit while moving up in SAE value.  The -LS is the limit switch that would be hit while moving down in SAE value.  While the limit switch is closed (grounded), motion in that direction is stopped in hardware and an interrupt to the 8086 occurs.  The hardware motion stop has an over-ride in case of a limit switch failure.



There is hardware support for one fiducial per axis.  The fiducial is placed in a calibrated position, and would be used in case of SAE failure.  This signal is for reference only, and must be polled by the 8086.







�EMBED MSDraw   \* mergeformat���

�PSC INTERFACE

�PSC SOFTWARE

Process Diagram









�

�State Diagram









�

�Executive Process

The PSC's flight software executive process has three modes of operation; Cold Start, Warm Start and Science.  The executive process is always in one of these modes.  A transition to any mode is possible from each mode.  All mode transitions are by command only.



Opmode 0 - Cold Start

Opmode 0 or Cold Start is the mode of operation during power up of the PSC.  Furthermore, Opmode 0 is initiated by a hardware reset command or hardware error.  Upon completion, the executive process waits for a command to leave this mode of operation.  While waiting, state of health telemetry is active but the motors are disabled and space vehicle data is not being read.

The basic functions of Opmode 0 are:

1.	System Safing.

2.	Memory Diagnostics.

3.	Activation of Default Operating Environment.

4.	Process State of Health Telemetry.

Opmode 1 - Warm Start

Opmode 1 or Warm Start is the mode of operation to safe the experiment.  Upon entering, power to the motor drives are disabled and space vehicle information is no longer read.  State of health telemetry is processed.  Upon completion, the executive process waits for a command to leave this mode of operation.

The basic functions of Opmode 1 are:

1.	System Safing.

2.	Activation of Sub-mode.

3.	Process State of Health Telemetry.

Wmode 0 - Safe Hold

Wmode 1 - Code Load

Wmode 2 - Table Load

Opmode 2 - Science

Opmode 2 or Science is the mode of operation whenever motors are engaged and positioning is enabled.  Upon entering Science, the target table is read and all necessary calculations and transformations are made and stored in the target strategy database.  If the previous mode was Cold Start or Warm Start, motors are now engaged.  Telemetry is being sent at all times.  Transition from this state is by command only.

The basic functions of Opmode 2 are:

1.	Read target table.

2.	Create target strategy.

3.	Perform target strategy.

Smode 0 - All Stop

Smode 1 - Delta Step

Smode 2 - SA

Smode 3 - Raster Scan

Smode 4 - Celestial Target

Smode 5 - Earth Target

�Interface Support

CPU Input Process

Telemetry Process

Space Vehicle Position Process

Read Encoder Process

Motor Control Process (Enable,Disable,Direction,Step)

Panic Abort and Limit Switch Process

Watch Dog Process

Accelerate and Decelerate Control Process

Master Reset Process

Launch Lock Process

Coordinate Transform Process

Position Control and Filter Process

Mode Transition Logic

Uploads and Downloads Tables,Code,Stack,DBs,Queues,Memory



Init

Both sides of the Dual-Port RAM must write a one to all the semaphores during initialization.

�Detector Positioning

Coordinate Transformations

�APPENDIX A - COMMANDS



PANIC ABORT

MASTER RESET

COLD START

SAFE HOLD

CODE LOAD

TABLE LOAD

SCIENCE

PITCH MOTOR ENABLE

PITCH MOTOR DISABLE

YAW MOTOR ENABLE

YAW MOTOR DISABLE



DUMP (CODE, TABLE, DBS, QUEUE, STACK, MEMORY)

�APPENDIX B - TABLES

All tables are located in dual port ram, so that the CPU and PSC can access them.  Areas are designated as read and write or read only to ensure that the CPU and PSC do not write to the same area.  The CPU is responsible of checking data integrity.  Tables will be multiples of size 32x16, which is the size of a CPU packet.

Space Vehicle

The Space Vehicle table is provided by the CPU and updated every second.  This information will be used in calculating a target strategy when entering Science Mode.  All values are 32 bits.

(The PSC wants an interrupt after each update, this shall be done in the DPR with message by  the CPU)



Block Type��x��x��y��y��z��z��v��v��v��a��a��a��gps week��utc 1sec��utc 1 sec��utc 1 �SYMBOL 109 \f "Symbol"�sec��utc 1 �SYMBOL 109 \f "Symbol"�sec����������������������������(Checksum)��

(CPU - read and write, PE - read only)

State of Health Telemetry

The State of Health Telemetry will be updated whenever a value changes.  All values will represent the current state of positioning.



Yaw axis step count�Pitch axis step count��Yaw axis encoder�Pitch axis encoder��Yaw axis rate�Pitch axis rate��(CPU - read only, PE - read and write)

Other Telemetry

(error and status registers)

(dumps; code, table, dbs, queues, stack, memory)

(high utilization bit set while packet being built)

(crc)







�Target Formats

(CPU - read and write, PE - read only)

(6 longwords, 12 words, 24 bytes, 192 bits)

(Flags - Enable, Acceleration, Direction)



Smode 0 - All Stop

Observation Number�Science Mode 0�Pitch Flags�Yaw Flags��Pitch Low Position Limit��Yaw Low Position Limit���Pitch High Position Limit��Yaw High Position Limit���Pitch Max Velocity��Yaw Max Velocity���0��0���0��CRC���Smode 1 - Delta Step

Observation Number�Science Mode 1�Pitch Flags�Yaw Flags��Pitch Low Position Limit��Yaw Low Position Limit���Pitch High Position Limit��Yaw High Position Limit���Pitch Max Velocity��Yaw Max Velocity���Pitch Number of Steps��Yaw Number of Steps���0��CRC���Smode 2 - Position

Observation Number�Science Mode 2�Pitch Flags�Yaw Flags��Pitch Low Position Limit��Yaw Low Position Limit���Pitch High Position Limit��Yaw High Position Limit���Pitch Max Velocity��Yaw Max Velocity���Pitch Position��Yaw Position���0��CRC���Smode 3 - Raster Scan

Observation Number�Science Mode 3�Pitch Flags�Yaw Flags��Pitch Low Position Limit��Yaw Low Position Limit���Pitch High Position Limit��Yaw High Position Limit���Pitch Max Velocity��Yaw Max Velocity���Pitch Start Position��Yaw Start Position���0��CRC���Smode 4 - Celestial Target

Observation Number�Science Mode 4�Pitch Flags�Yaw Flags��Pitch Low Position Limit��Yaw Low Position Limit���Pitch High Position Limit��Yaw High Position Limit���Pitch Max Velocity��Yaw Max Velocity���RA��Dec���0��CRC���Smode 5 - Earth Target

Observation Number�Science Mode 5�Pitch Flags�Yaw Flags��Pitch Low Position Limit��Yaw Low Position Limit���Pitch High Position Limit��Yaw High Position Limit���Pitch Max Velocity��Yaw Max Velocity���Latitude��Longitude���Altitude��CRC����Acceleration

table of cycles per step at max acceleration intervals

Limits

NOTE: All target limits will be changed to be within Software limits if needed.

Pitch Max Velocity

Yaw Max Velocity

Pitch Software Limit Min

Pitch Software Limit Max

Yaw Software Limit Min

Yaw Software Limit Max

Delays

Timers, Pitch and Yaw

APPENDIX C - DATA BASES

APPENDIX D - QUEUES

CPU Input

APPENDIX E - Operational Orbit

Apogee�450�SYMBOL 177 \f "Symbol"�10 nmi��Perigee�450�SYMBOL 177 \f "Symbol"�10 nmi��Inclination�98.7�SYMBOL 177 \f "Symbol"�0.06 deg��Beta Angle�36�SYMBOL 177 \f "Symbol"�3 deg��Orbit Period�101.56 minutes��

�APPENDIX F - Space Vehicle Position, Attitude, Rate and Time

Coordinate systems

ECEF (earth centered earth fixed)

x at Greenwich meridian

ECI (earth centered inertial or J2000)

March 21, 2000

origin at center of the earth

Dec +90 to -90 deg

RA in deg

x at vernal equinox

LVOP (local vertical orbit plane)

z toward geocenter

y opposite the angular momentum vector

x completing a right hand cord system

origin at center of mass (P91-1)

BODY (body axes)

Calculations

The BODY axes is known, given detector placement and fiducial.

Pointing command will be in ECI.

SV data will be in BODY/ECI.

Position

ECI ��lsb = 1 meter�3x32 signed ���Attitude

BODY/ECI�Euler angle�lsb = 100 �SYMBOL 109 \f "Symbol"�rad�3x16 unsigned�360 = 62832(00)��Rate

BODY/ECI�Euler angle rate�lsb = 1 �SYMBOL 109 \f "Symbol"�rad/sec�3x16 signed���Time

GPS week��lsb = 1 week�1x16�0 - 1023��UTC��lsb = 1 sec�1x32�0 - 604799��UTC��lsb = 1 �SYMBOL 109 \f "Symbol"�sec�1x32�0 - 999999��

XXXX�XXDD�DDDD�DDDD�������XXXX�XXXX�XXXX�MSBDDD��DDDD�DDDD�DDDD�DDDLSB�������XXXX�XXXX�XXXX�MSBDDD��DDDD�DDDD�DDDD�DDDLSB��





�Interrupt Handling



Keep track of all unsolicited interrupts

Keep track of all interrupts not acknowledged

Build in NOOPS so that a procedure can be placed in Single-Step (Trap, TF) mode.







An interrupt comes in.



TF and IF are cleared (disabled), flags, CS and IP are pushed onto the stack.



Store used registers.



Interrupt acknowledgement is next.



Store current mask.



Disable equal and lower interrupts by using mask.



Then perform processing that must not be interrupted (except for NMI).



STI; enable maskable interrupts to allow incoming higher interrupts (sets IF).



Perform less critical processing.



CLI; disable maskable interrupts.



Restore mask.



Restore used registers.



IRET, pops IP, CS and the flags, including IF and TF, from the stack.









�

INTERRUPT�PRIORITY��Divide error, INT n, INTO�highest��NMI���INTR���Single-Step�lowest��







SW Interrupt�HW Interrupt�Name�IRQ Enable Mask�Interrupt ACK��INT 7��SYMBOL 196 \f "MS LineDraw"��SYMBOL 196 \f "MS LineDraw"��SYMBOL 196 \f "MS LineDraw"��SYMBOL 196 \f "MS LineDraw"��CALC�3F00H�Set a flag while working, clear when done.  If another S/V info comes in, do not interrupt CALC while still working.  Time should still be zeroed and data move by the CMD process.��INT 8�IRQ 0�CMD�0000H�Read DPR memory

MOV AX,[00000H][07FFEH]��INT 9�IRQ 1�4MSEC�0100H�4msack > 0 > 1 (toggle)

IN  AX,00002H

AND AX,FF7FH

OUT 00002H,AX

OR  AX,0080H

OUT 00002H,AX��INT A�IRQ 2�FORK�0300H�Fork > 0

IN  AX,00002H

AND AX,0FFDFH

OUT 00002H,AX��INT B�IRQ 3�PDATA�0700H�Read pitch data

IN  AX,00004H��INT C�IRQ 4�YDATA�0F00H�Read yaw data

IN  AX,00006H��INT D�IRQ 5�LS�1F00H�Read port 1 for LW and move away and stop

IN   AX,00002H

TEST AX,00100H

JZ   MOVE_AWAY_FROM_+P

TEST AX,00200H

JZ   MOVE_AWAY_FROM_-P

TEST AX,01000H

JZ   MOVE_AWAY_FROM_+Y

TEST AX,02000H

JZ   MOVE_AWAY_FROM_-Y

...��

�

INT 7 - CALC



INTR state�Function�Code�Description��Disabled�Proc��flags,CS,IP are pushed���Store used registers�PUSH AX

...�push used registers���Acknowledge IRQ�����Store INTR Mask��Read INTR Mask and save on the stack���Set INTR Mask��Disable equal and lower interrupts���Perform processing not to be interrupted�...�













��Enabled <=�Enable maskable IRQs�STI����Perform less critical processing�...�













��Disabled�Disable maskable IRQs�CLI����Restore INTR Mask��Enable equal and lower interrupts���Restore used registers�...

POP  AX�pop used registers��Enabled�Interrupt Return�IRET�IP,CS,flags are popped��



�

INT 8, IRQ 0 - CMD



INTR state�Function�Code�Description��Disabled�Proc��flags,CS,IP are pushed���Store used registers�PUSH AX

...�push used registers���Acknowledge IRQ�MOV AX,[0][07FFEH]����Store INTR Mask�IN   AX,00000H

PUSH AX�Read INTR Mask and save on the stack���Set INTR Mask�AND  AX,00000H

OUT  00000H,AX�Disable equal and lower interrupts���Perform processing not to be interrupted�...�













��Enabled <=�Enable maskable IRQs�STI����Perform less critical processing�...�













��Disabled�Disable maskable IRQs�CLI����Restore INTR Mask�POP  AX

OUT  00000H,AX�Enable equal and lower interrupts���Restore used registers�...

POP  AX�pop used registers��Enabled�Interrupt Return�IRET�IP,CS,flags are popped��



�

INT 9, IRQ 1 - 4MSEC



INTR state�Function�Code�Description��Disabled�Proc��flags,CS,IP are pushed���Store used registers�PUSH AX

...�push used registers���Acknowledge IRQ�IN   AX,00002H

AND  AX,0FF7FH

OUT  00002H,AX

OR   AX,00080H

OUT  00002H,AX����Store INTR Mask�IN   AX,00000H

PUSH AX�Read INTR Mask and save on the stack���Set INTR Mask�AND  AX,00100H

OUT  00000H,AX�Disable equal and lower interrupts���Perform processing not to be interrupted�...�













��Enabled <=�Enable maskable IRQs�STI����Perform less critical processing�...�













��Disabled�Disable maskable IRQs�CLI����Restore INTR Mask�POP  AX

OUT  00000H,AX�Enable equal and lower interrupts���Restore used registers�...

POP  AX�pop used registers��Enabled�Interrupt Return�IRET�IP,CS,flags are popped��



�

INT A, IRQ 2 - FORK



INTR state�Function�Code�Description��Disabled�Proc��flags,CS,IP are pushed���Store used registers�PUSH AX

...�push used registers���Acknowledge IRQ�IN   AX,00002H

AND  AX,0FFDFH

OUT  00002H,AX����Store INTR Mask�IN   AX,00000H

PUSH AX�Read INTR Mask and save on the stack���Set INTR Mask�AND  AX,00300H

OUT  00000H,AX�Disable equal and lower interrupts���Perform processing not to be interrupted�...�













��Enabled <=�Enable maskable IRQs�STI����Perform less critical processing�...�













��Disabled�Disable maskable IRQs�CLI����Restore INTR Mask�POP  AX

OUT  00000H,AX�Enable equal and lower interrupts���Restore used registers�...

POP  AX�pop used registers��Enabled�Interrupt Return�IRET�IP,CS,flags are popped��



�

INT B, IRQ 3 - PDATA



INTR state�Function�Code�Description��Disabled�Proc��flags,CS,IP are pushed���Store used registers�PUSH AX

...�push used registers���Acknowledge IRQ�IN   AX,00004H����Store INTR Mask�IN   AX,00000H

PUSH AX�Read INTR Mask and save on the stack���Set INTR Mask�AND  AX,00700H

OUT  00000H,AX�Disable equal and lower interrupts���Perform processing not to be interrupted�...�













��Enabled <=�Enable maskable IRQs�STI����Perform less critical processing�...�













��Disabled�Disable maskable IRQs�CLI����Restore INTR Mask�POP  AX

OUT  00000H,AX�Enable equal and lower interrupts���Restore used registers�...

POP  AX�pop used registers��Enabled�Interrupt Return�IRET�IP,CS,flags are popped��



�

INT C, IRQ 4 - YDATA



INTR state�Function�Code�Description��Disabled�Proc��flags,CS,IP are pushed���Store used registers�PUSH AX

...�push used registers���Acknowledge IRQ�IN   AX,00006H����Store INTR Mask�IN   AX,00000H

PUSH AX�Read INTR Mask and save on the stack���Set INTR Mask�AND  AX,00F00H

OUT  00000H,AX�Disable equal and lower interrupts���Perform processing not to be interrupted�...�













��Enabled <=�Enable maskable IRQs�STI����Perform less critical processing�...�













��Disabled�Disable maskable IRQs�CLI����Restore INTR Mask�POP  AX

OUT  00000H,AX�Enable equal and lower interrupts���Restore used registers�...

POP  AX�pop used registers��Enabled�Interrupt Return�IRET�IP,CS,flags are popped��



�

INT D, IRQ 5 - LS



INTR state�Function�Code�Description��Disabled�Proc��flags,CS,IP are pushed���Store used registers�PUSH AX

...�push used registers���Acknowledge IRQ�����Store INTR Mask�IN   AX,00000H

PUSH AX�Read INTR Mask and save on the stack���Set INTR Mask�AND  AX,01F00H

OUT  00000H,AX�Disable equal and lower interrupts���Perform processing not to be interrupted�...�













��Enabled <=�Enable maskable IRQs�STI����Perform less critical processing�IN   AX,00002H

TEST AX,00100H

JZ   MOVE_+P

TEST AX,00200H

JZ   MOVE_-P

TEST AX,01000H

JZ   MOVE_+Y

TEST AX,02000H

JZ   MOVE_-Y

...�













��Disabled�Disable maskable IRQs�CLI����Restore INTR Mask�POP  AX

OUT  00000H,AX�Enable equal and lower interrupts���Restore used registers�...

POP  AX�pop used registers��Enabled�Interrupt Return�IRET�IP,CS,flags are popped��



�

PROCESS DEFINITION

Introduction

Typical Senario

Inputs

Processing

Initializaion

Operation

Exit

Outputs

User Interface

Hardware Interface

Software Interface

Restrictions and Operational Concerns











Calculations:  The target shall be re-evaluated with each step.

Routing Requirements:  - accuracy  - slew rate  - etc.
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�PAGE \# "'Page: '#'�'"�Page: 1���

�SYMBOL 183 \f "Symbol" \s 10 \h�	what size are emulator libraries?		sin,cos,tan is about 2.4k bytes

void main(void)

{

}�void main(void)

{

double a,b=1.78;

a=sin(b);

}��code size: 37�code size: 2523��data size: 4096�data size: 4096�����



�SYMBOL 183 \f "Symbol" \s 10 \h�	describe the 4msec clock timing

�SYMBOL 183 \f "Symbol" \s 10 \h�	describe typical operations

�SYMBOL 183 \f "Symbol" \s 10 \h�	earth target

�SYMBOL 183 \f "Symbol" \s 10 \h�	can not send more than one message a second other than SV info

�SYMBOL 183 \f "Symbol" \s 10 \h�	who will get to use the bread board (USA)

�SYMBOL 183 \f "Symbol" \s 10 \h�	instrument will turn on and off the 24 volts

�SYMBOL 183 \f "Symbol" \s 10 \h�	aspect correction table

	step SAE - instrument - SV - sky  (polarity can be flipped for instrument positioned upside down)

	sae to instrument will use sae 0 point and polarity

	instrument to SV will use calibration offsets

	SV to sky will use SV attitude information

�SYMBOL 183 \f "Symbol" \s 10 \h�	3 Euler angles

�SYMBOL 183 \f "Symbol" \s 10 \h�	flying leap / bad op code / missing instruction

�SYMBOL 183 \f "Symbol" \s 10 \h�	describe interface, timing and commands

�SYMBOL 183 \f "Symbol" \s 10 \h�	time stamp accuracy

�SYMBOL 183 \f "Symbol" \s 10 \h�	command count

�SYMBOL 183 \f "Symbol" \s 10 \h�	bad command count

�SYMBOL 183 \f "Symbol" \s 10 \h�	block count



�SYMBOL 183 \f "Symbol" \s 10 \h�	Shaft Angle Encoders���SYMBOL 183 \f "Symbol" \s 10 \h�	Stepper Motors���SYMBOL 183 \f "Symbol" \s 10 \h�	Limit Switches and Fiducial���SYMBOL 183 \f "Symbol" \s 10 \h�	Master Reset / Reset Logic���SYMBOL 183 \f "Symbol" \s 10 \h�	Watch Dog Logic���SYMBOL 183 \f "Symbol" \s 10 \h�	Status Register���SYMBOL 183 \f "Symbol" \s 10 \h�	Power���SYMBOL 183 \f "Symbol" \s 10 \h�	MOSFETs��





THIS TO CONSIDER

Battery Powered RAM

Low Volatage INTR which would cause a HLT instruction

An External counter that would reset CPU is not ack at regular interval



$S  -  start

$E  - if valid start condition

$I  -  ISR

$Q  -  queue manager

$C  -  cancel








