MLA FSW

Maintenance Guide

Chapter 1 – Instrument Level Context

Mission Purpose

Reference

· MLA Instrument Electronics CDR (February 15, 2002)

Description

The Mercury Laser Altimeter (MLA) is one of seven instruments on the Messenger  spacecraft being built by John’s Hopkins’s Advanced Physics Lab (APL).  Messenger will launch in 2004 and after a five year cruise will enter an orbit of Mercury and begin collecting science data.  There is little information known about Mercury and it is hoped that this mission will provide a foundation of knowledge about the planet for future study by scientists.  MLA’s role on this mission is to measure the topography of Mercury in an effort to determine whether Mercury has a solid or liquid core.  

How the Instrument Works

The instrument works by firing a laser to the surface of Mercury and measuring the amount of time it takes for the reflected light to return.  This time measurement is converted into a distance and combined with the predetermined spacecraft position to generate a mapping of the planet.

[image: image1.png]MLA CPU Board

Power Converter
Assembly

Analog Electronics
Module

H

Laser/Detector
Electronics

H

Range
Measurement
Unit

LASER &
DETECTOR




Chapter 2 – Hardware

MLA Instrument Hardware Overview
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Microcontroller 80c196

Reference

· Intel 8XC196KC / 8XC196KD User’s Manual (1992 : 272238-001)

Specifications
MLA is using the 20Mhz UTMC 80c196KD RAD Hard 16 bit microcontroller (UT80CRH196KD) under-clocked to 16Mhz.  Below is a memory map.
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Register File

The 80c196KD has a 64K address space, and a 1K register file.  The register file is divided into an upper file and a lower file.  The lower file is 256 bytes and always directly accessible by the CPU.  The lower file is divided into 24 bytes of special function registers used to configure and control the microcontroller’s internal components, and 232 bytes of general-purpose registers.  The upper file is 768 bytes and is directly accessed through a 256 byte vertical window (all 768 bytes are always available through indirect access by the CPU).  MLA does not use any vertical windowing.   

Special Function Registers

The special function registers are located at addresses 0x00 – 0x19 and are accessed through horizontal windows.  There are three windows: 0, 1, 15.  All three windows are required to operate the microcontroller.  It is designed such that read accesses on a particular register may involve setting a different window than a write access on the same register.  On MLA we have a set of macros to access all registers, and they automatically configure the correct window.

Special Purpose Memory - Interrupts

The special purpose memory located at addresses 0x2000 – 0x207F contain the interrupt vectors and the Chip Configuration Byte (CCB).  On MLA we only use addresses 0x2000 – 0x203F.   The addresses between 0x2040 and 0x207F are either reserved or used for Peripheral Transaction Server (PTS) vectors which are not used by MLA.  When a interrupt is generated by either the software or an external event, the microcontroller performs a data fetch from the interrupt’s corresponding vector, and then jumps to the address specified by the value it fetched.  Therefore, the memory 0x2000 – 0x207F should always be considered data (even when paging using the INST pin – see below).

General Purpose Memory

The address space from 0x400 – 0x1FFF and 0x2080 – 0xFFFF is directly usable by any application either as a memory mapped register or to store code and data.  The address 0x2080 is the reset vector for the microcontroller (it is the first address executed after a power on or reset of the microcontroller).  

The 80c196 is able to expand its address space by employing the use of its INST pin.  The INST pin is driven by the microcontroller and will go high when the microcontroller is fetching a value from an address that is associated with an instruction and therefore will be executed.  It goes low when either a value is fetched from an address and is data, or a value is written to an address.  This allows the physical layout of the address space 0x400 – 0x1FFF and 0x2080 – 0xFFFF to be duplicated, so that data and code can reside on two separate memory chips and be selected via the INST pin.  MLA uses this feature in the design of its memory layout which will be discussed later.
Internal UART & High Speed I/O

The only components of the 80c196 microcontroller used by MLA beyond its processor core are the internal UART and the High Speed I/O.   The internal UART is RS-422 and supports 4 modes of operation (1 synchronous mode and 3 asynchronous modes).  MLA uses asynchronous mode 1.  The High Speed I/O module on the 80c196 consists of two 16 bit timers.  The input module is able to make fine time measurements, and generate events, based on signals on four lines connected to the microcontroller.  The output module is able to drive the signals on four other lines connected to the microcontroller guided by fine timing logic.  MLA uses the input module to phase lock the FSW timing to an external 1HZ signal, as well as using the output module to output diagnostic levels indicating internal software states.
CPU Board

Reference

· Tony’s Layout Diagram

Specifications
The CPU board consists of the following parts: 80c196 microcontroller, FPGA, 64K PROM, 256K EEPROM (128K write protected), 512K SRAM.  The board also has the following interfaces in the form of wire-wrapped pin arrays: RMU, AEM, PCA, RS-422 internal UART, two RS-422 External UARTS.

Functionality

· The CPU board hosts the flight software.  It interfaces to all the other boards on the instrument and directly to the spacecraft.  

· The majority of the functionality of the CPU board is implemented in the FPGA.  *** Please thoroughly read the Messenger MLA CPU Board FPGA Specification version 1.3 (November 1, 2002)

· All interrupts generated by the FPGA are routed to the External Interrupt (INT07) on the 80c196.

Memory Paging

The physical memory is paged by the microcontroller and the FPGA because the 80c196 only has a 16 bit bus yet more memory was needed for the MLA Flight Software application.  The 64K of PROM, 256K of EEPROM, and 512K of SRAM are accessed via 32K pages.  The FPGA and CPU board have divided the memory such that there are 2 pages of PROM, 8 pages of EEPROM, and 16 pages of RAM.  The best way to understand how the paging on MLA works is to view the situation from the microcontroller’s perspective.  The only thing it does is send a 16 bit address out onto the bus and then read or write a 16 bit value from the bus.  From there, the FPGA and CPU board use additional information to decide where that address points to.  The additional information they use is: two FPGA registers (Code Window Register, Data Window Register), the INST pin, and the Q pin.  When deciding where an address points to, the following rules apply:

· If the address is below 0x8000 and the Q pin is 0

· INST pin 1 (Code) – PROM page 0

· INST pin 0 (Data) – SRAM page 8

· If the address is below 0x8000 and the Q pin is 1

· INST pin 1 (Code) – SRAM page 0

· INST pin 0 (Data) – SRAM page 8

· If the address is 0x8000 or above

· INST pin 1 (Code) – the page specified by the Code Window Register

· INST pin 0 (Data) – the page specified by the Data Window Register

	Q 
	0
	1

	INST
	DATA
	CODE
	DATA
	CODE

	0x0000 – 0x7FFF
	SRAM Page 8
	PROM Page 0
	SRAM Page 8
	SRAM Page 0

	0x8000 - 0xFFFF
	Data Window Register
	Code Window Register
	Data Window Register
	Code Window Register


** The above specification is 100% accurate as well as 100% complete, whereas the figures below are not; instead they are intended to give visual frameworks wherewith to understand the paging scheme.  
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AEM Board

Description
AEM stands for Analog Electronics Module.  The AEM board is responsible for all analog-to-digital conversions (A/D) as well as all digital-to-analog conversions (D/A) performed by the flight software.  A/Ds are used to measure the health and safety of the instrument while in operation.  The D/As are used to control and configure the operation of the laser detector electronics.  The AEM interfaces directly to the CPU board, RMU board, and LEA board.

Analog to Digital Conversions

	MUX Address
	Description

	0
	Laser Diode Current Monitor

	1
	Tx Pulse Energy

	2
	Detector Gain

	3
	Tx Threshold

	4
	Rx Channel1 Low Threshold

	5
	Rx Channel1 High Threshold

	6
	Rx Channel2 Threshold

	7
	Rx Channel3 Threshold

	8
	+2.5V Monitor

	9
	+5V Monitor

	10
	-5V Monitor

	11
	+12V Monitor

	12
	+32.5V Monitor

	13
	+550V Monitor

	14
	Spare

	15
	Detector Board Temp

	16
	Altimeter Detector Temp

	17
	Analog Board Temp

	18
	RMU Board Temp

	19
	RMU XTAL Oscillator Temp

	20
	CPU Board Temperature

	21
	Laser Electronics Temp

	22
	Laser Amplifier Temp

	23
	Laser Oscillator Temp

	24
	PCA Temp

	25
	Beam Expander Top Temp

	26
	Beam Expander Base Temp

	27
	RX Tube Base Temp

	28
	MLA Housing Temp

	29
	Temp CAL LO

	30
	Temp CAL HI

	31
	Duplicate Detector Board Temp


Digital to Analog Conversions

	DAC ID
	Description

	
	

	0
	Channel 1 HI threshold

	1
	Channel 1 LO threshold

	2
	Channel 2 LO threshold

	3
	Channel 3 LO threshold

	4
	Gain

	5
	Laser Tx threshold

	6
	Not used

	7
	Not used


Conversion Polynomials

	Channel
	Channel Name
	Polynomial
	Units

	0
	Laser Diode Current Monitor
	I = 0.5431*D-6.759
	Amps

	1
	Tx Pulse Energy
	E = 6.938e-5*D^2 + .08847*D -1.155
	mJ

	2
	Det_Vgain
	V = 0.0109*D-1.364
	Volts

	
	
	G = 1.845E-8*DAC^3 + 4.464E-6*DAC^2 + .04593*DAC - .9301; 20<DAC<230 nom.
	Absolute Gain

	
	
	G = 5.681E-5*D^2 + 0.1005*D  - 1.98
	Absolute Gain

	
	
	DAC = -0.104*G^2 + 21.839*G +2.014
	DAC Counts

	3
	TX Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC  = 208.5*VTx + 2.3
	DAC Counts

	4
	Rx Ch1Lo Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC = 3924*V1LO + 12.41
	DAC Counts

	5
	Rx Ch1Hi Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC = 3930*V1hi + 11.99
	DAC Counts

	6
	Rx Ch2 Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC = 1893*V2 + 8.97
	DAC Counts

	7
	Rx Ch3 Threshold
	V = .0109*D-0.1338
	Volts

	
	
	DAC Code = 1011*V3 + 14.21
	DAC Counts

	8
	AE_+2.5V_1
	V = 0.0109*D-0.1338
	Volts

	9
	AE_+5V_1
	V = .02195D - .2697
	Volts

	10
	AE_-5V_1
	V = -0.0217*D+0.2452
	Volts

	11
	AE_+12V_1
	V = 0.05145*D-.619
	Volts

	12
	AE_+32V_1
	V = 0.1748*D-2.118
	Volts

	13
	High Voltage Monitor
	V = 3.752*D-46.1
	Volts

	14
	Spare
	
	

	15
	Detector Board Temp
	T = -1.012E-5*D^3+3.986E-3*D^2-8.326E-1*D+8.03E+1
	Degrees C

	16
	Altimeter Detector Temp
	“
	“

	17
	Analog Board Temp
	“
	“

	18
	RMU Board Temp
	“
	“

	19
	RMU XTAL Oscillator Temp
	“
	“

	20
	CPU Board Temperature
	“
	“

	21
	Laser Electronics Temp
	“
	“

	22
	Laser Amplifier Temp
	“
	“

	23
	Laser Oscillator Temp
	“
	“

	24
	PCA Temp
	“
	“

	25
	Beam Expander Top Temp
	“
	“

	26
	Beam Expander Base Temp
	“
	“

	27
	RX Tube Base Temp
	“
	“

	28
	MLA Housing Temp
	“
	“

	29
	Temp CAL LO
	“
	“

	30
	Temp CAL HI
	“
	“

	31
	Duplicate Detector Board Temp
	
	


Auto-Conversion Process
The first two MUX addresses for the A/D conversions are required to happen immediately after the laser fires to a timing resolution that could not be achieved in software; therefore, the AEM board in conjunction with the CPU board FPGA implemented a hardware sequence that would perform the first two A/D conversions automatically after every laser fire.  The RMU board at 8Hz issues a laser fire command directly to the Laser Electronics.  If the laser is powered on, this will causes a spike in the current drawn by the laser, which will trigger the AEM board to begin its auto-conversion sequence.  

In order for the auto-conversion to be successful, the AEM board must work in conjunction with the CPU board FPGA, and the flight software.  Before the laser fires, and the AEM auto-conversion process begins, the flight software must configure the AEM A/D mux address to 0, and configure the FPGA to have control over the AEM interface.  When the AEM performs its first auto-conversion, it performs it on mux address 0, signals that the A/D is complete, and the FPGA automatically reads the result into a register, increments the mux address to 1 and initiates the second auto-conversion.  The FPGA then relinquishes control of the AEM back to the flight software.  In practice the flight software sequence is as follows:

1. RUPT Interrupt (signals that laser has fired, and RMU finished collecting data)

2. Poll auto-conversion complete interrupt bit to verify that the auto-conversion is complete.

3. Read the FPGA register holding the result of the first auto-conversion (aem_mux0channel_autoconversion_results).

4. Read the result of the second auto-conversion directly from the AEM (aem_a/d_converter).

5. Return control of the AEM back to the FPGA by first “allowing” the auto-conversion (writing a zero to the aem_block_autoconversion FPGA register), and second “starting” it (writing any value into the aem_start_autoconversion FPGA register).

A/D Conversion Process
All analog-to-digital conversions are carried out by the AEM board.  The flight software interacts with the AEM board through the FPGA.  There are 30 different analog signals that are multiplexed into the AEM and given addresses from 0-31 (one address is a spare, one address is a duplicate).  There are only three categories of signals that are measured: DACs, voltages, and temperatures.  The sequence for an A/D is as follows:

1. Select the mux address (aem_mux&dac)

2. Wait 12us for address to settle

3. Start a/d conversion (write to aem_a/d_converter)

4. Poll conversion complete interrupt bit

5. When conversion complete, read results (read of aem_a/d_converter)

AEM conversion time (how long to poll conversion complete before timing out) : XX us

Flight Software conversion time (time to perform a/d from start to finish) : XX us

D/A Conversion Process
All digital to analog conversions are carried out by the AEM board.  The flight software interacts with the AEM board through the FPGA.  There are 6 destinations for the D/A that are multiplexed into the AEM.  They are given address 0-5 and represent 5 thresholds and 1 gain.  The sequence for a D/A is as follows:

1. Select the DAC id (aem_mux&dac)

2. Wait 12 us for the address to settle

3. Write the value of the DAC (aem_dacdata)

4. Do not start another DAC for XXX us

AEM conversion time (how long the AEM takes to complete d/a) : XX us

Flight Software conversion time (time to perform d/a from start to finish) : XX us

RMU Board

Reference

· RMU-CPU Interface version 1.8 (November 27, 2002)

· RMU-Detector/Analog Interface version 0.1x (January 23, 2002)

Description

RMU stands for Range Measurement Unit.  In an 8Hz period (one shot), it is responsible for sending the laser fire command, time stamping to a very fine resolution the return pulses coming back into the detectors, collecting noise counts, determining the validity of each of the return pulses, packaging all the data for the shot into an array of 166 bytes, and then sending an interrupt to the CPU board signaling that the data is ready to be read by the flight software.

Modes of Operation

It is extremely important to understand that the RMU has only two modes: ON and OFF.  When the PCA power mode is high, the RMU is turned on and is completely operational.  When the PCA power mode is low, the RMU is turned off and is completely powered down.  The effect of toggling the PCA power mode is the same as an RMU reset, all values go to there default power up state.  When the laser is not powered on, the RMU still behaves exactly the same as it does when the laser is powered on, except that the data being measured by the RMU is bogus (the RMU does not care).

Timing

The RMU controls the timing of the entire instrument.  It operates at 8Hz (it can be configured for different rates, but the flight software only supports 8Hz).  Each 8Hz period is exactly the same as every other one.  The RMU has the ability to synch itself to the 1PPS (one pulse per second signal coming from the spacecraft).  When configured to do so, the RMU will force itself to time zero (the start of the 8Hz cycle) every time it detects a 1PPS; time zero will occur 800ns after the 1PPS.

1. Time Zero (T0)

2. RMU sends Laser-Fire Command (820 us)

a. Laser fires

b. Laser light split and reflected back into detector

3. Start Pulse time stamped (Tx)

4. RMU begins collecting return data (Range Gate Begin)

5. High and Low returns time stamped (Rx)

6. RMU stops collecting return data (Range Gate End)

7. RUPT issued (15ms)

From T0 to RUPT (15ms), the flight software is prohibited to create traffic on RMU-CPU bus (a violation of this rule is marked in the RMU status registers as “babble”).  The Range Gates are configurable by the software.  When the RUPT is issued the flight software reads 166 bytes of data collected by the RMU and processes it.

Telemetry

The RMU telemetry is specifically a 166 byte array of data that is read by the flight software after every RUPT.  It is read by 166 successive reads of a shift register in the RMU (rmu_data).  The data is collected after every laser fire and is signaled as ready to be processed by the RUPT.  The following are the categories of data in the telemetry:

· Header

· 5 bytes long

· The header is a constant string that ensures the software is aligned properly in time with reading the data from the shift register.

· There are two headers one for science data, one for test data

· Mode Status Words

· 3 bytes

· The value of the mode status words are reported – they can be directly accessed via memory mapped registers

· Noise Counters

· 4 words (8 bytes)

· Each channel (1hi, 1lo, 2,3) has a 16 bit noise counter

· Start Pulse

· 2 long words (8 bytes)

· The start pulse is the time stamp of the laser fire

· The first long word is the leading edge of the pulse, the second long word is the trailing edge of the pulse.

· The most significant bit of the most significant byte of each long word is the pulse ID which is 1 if the start pulse is valid, and 0 if the pulse is not valid.

· High Return

· 2 long words (8 bytes)

· The time stamp of the return pulse detected on channel 1 hi

· The first long word is the leading edge of the pulse, the second long word is the trailing edge of the pulse.

· The most significant bit of the most significant byte each long word is the pulse ID which is 1 if the high return pulse is valid, and 0 if the pulse is not valid.

· Low Return

· 30 long words (120 bytes)

· The 15 low return pulses are time stamped, each time stamp is a long word, and each low return has a leading edge (the first long word) and a trailing edge (the second long word)

· The most significant bit of the most significant byte of each long word is the pulse ID which is 1 if the low return pulse is valid, and 0 if the pulse is not valid.

· The next three most significant bits of the most significant byte of the long word is the channel id.  When low returns are collected, the first 15 low channel pulses detected in the range window are time stamped (???!!!).   Unlike the high channel which always has only one return, which ever low channel the pulse is detected on gets time stamped.

· It is possible for a leading edge to have a different channel id than the trailing edge due to timing, but this is unlikely and the time stamps (leading and trailing edges) for that return should be discarded.

· Range Gates

· 2 long words (8 bytes)

· The first long word is the range gate start time, the second is the range gate stop time

· The units are 30m

· Functionally, the RMU does not collect return data except in the window of time bounded by the range gates

· Event Counts

· 6 bytes

· We have yet to learn what each of the 6 event counters count

· Footer

· 1 byte

· Always 0x4B

· Parity

· 1 byte

· A running xor over the first 165 bytes of the array

The format of the data is as follows:

· All data in the RMU telemetry is least significant byte first

· The least significant 10 bits of the start pulse, high return, and low return time stamps are fine time (measured from a TOF chip). The remaining bits excluding the PID and channel ID, are the coarse time. 

· Low Returns: 31 – PID, 30:28 – chID, 27-10 coarse time, 9-0 fine time

· Start Pulse and High Return: 31 – PID, 30-10 coarse time, 9-0 fine time

· The following formula gives the absolute time of a time stamp is nanoseconds

· t = (coarse * 200) – ( (fine – tof_min) * (200 / (tof_max – tof_min)))

· tof_min and tof_max are calibration values

· There are 6 TOF chips in the RMU each with a calibration < max, min >

· Start Pulse Leading Edge (LE) < 510, 12 >

· Start Pulse Trailing Edge (TE) < 522, 15 >

· High Return LE < 530, 13 >

· High Return TE < 505, 11 >

· Low Return LE < 511, 15 >

· Low Return TE < 520, 14 >

Status and Control
The RMU is controlled and monitored by three status/control registers, and RMU reset register, and six registers corresponding to the range gates.  These registers (except for the RMU reset) are a part of the 166 byte array that is prepared for each RUPT.  There are two ways to read these registers, the first is by extracting the values when the 166 byte array is read, the second is to access them via memory mapped addresses.  The memory mapped addresses can also be written to and that is the only way to change the configuration of the RMU.  Important: these two methods access the same register in the RMU – they are not separate and will always have the same value.

· Mode Status Words

· Rate Select (mode_status_word_1_[2:1])

· Enables the RMU to operate at 1,6,8,10 Hz.

· The M
LA Flight Software only supports the RMU running at 8Hz

· Real/Synthetic Data (mode_status_word_1_ [3])

· When commanded to synthetic data, the RMU writes a pattern into the 166 bytes of data.  This pattern goes across the mode_status registers.

· In order to get the RMU out of synthetic data, it is necessary to command a RMU reset.  (This is because the read once / write once method of changing a value in the control registers will, when it reads the register, read the test pattern, change a few select bits, and then write the test pattern plus the changes into the control register)

· Test Patterns (mode_status_word_1_ [6:4])

· The test patterns start after the header at byte 5 and continue for the rest of the array until but do not including the footer

· Byte/Nibble Mode (mode_status_word_1_ [7])

· Nibble mode is unsupported by the MLA flight software.

· Nibble mode is undocumented by the hardware designers.

· Babble (mode_status_word_2_ [0])

· If the interface between the CPU and the RMU has any traffic on it between T0 and the RUPT, the RMU signals the babble bit.  This means that no reading or writing of RMU registers is allowed during this time.

· 1PPS Synch (mode_status_word_2_ [1])

· If configured to synch to the 1PPS, the RMU will cause T0 to occur 800ns after it receives a 1PPS.

· Clock Select (mode_status_word_2_ [7:5])

· There are two internal clocks (int_40% and int_50%) and two external clocks (osc_A, and osc_B).

· Each clock runs at 5Mhz

· Int_40% and Int_50% have a 40% and 50% duty cycle respectively.

· The internal clocks are NOT accurate and have been seen to drift over 20us per second.

· The External clocks are the same source as the 1PPS but do not correspond to the DPUs.

· If the RMU is commanded to a clock that does not exist (say there is no external oscillator A), then the RMU will not operate and it will issue no RUPTS.  The RMU will not reset itself, nor switch to an internal clock autonomously.

· The preferred operational status of the RMU is to use an external clock.

· Calibration Enable (mode_status_word_3_ [1:0])

· Calibration Select (mode_status_word_3_ [3:2])

· TOF Reset (mode_status_word_3_ [5:4])

· The TOF chips in the RMU are responsible for the fine timing of the return pulses, yet they are known to lockup at times.  If a TOF chip locks up (the values it returns never vary), then it is necessary to reset the TOF.

· When configured to reset the TOF, after every RUPT, the RMU will automatically reset the TOF until it is configured to do otherwise.

· It is not known what affect the TOF resets have on the performance and reliability of the TOF chips.

· RMU Reset

· A RMU reset is caused by writing to the RMU reset register.

· The RMU resets all values and comes up in a configuration exactly as it would if it had just been powered off and then powered on again.

· Range Gates

· There are six registers corresponding to the high, middle, and low bytes of the range gate start and range gate stop

· No return data will be collected outside of the range gates

· The units for the range gates are 30m or 200ns (approx the same thing)

Memory Map 

	Address
	Function
	Description

	0000
	R
	Science Data – shifts out 166 byte array of RMU telemetry

	0001
	R/W
	Range Gate Start [7:0]

	0010
	R/W
	Range Gate Start [15:8]

	0011
	R/W
	Range Gate Start [23:16]

	0100
	-
	Reserved

	0101
	R/W
	Range Gate End [7:0]

	0110
	R/W
	Range Gate End [15:8]

	0111
	R/W
	Range Gate End [23:16]

	1000
	R/W
	Status Mode Word 1 – status and control of RMU

	1001
	R/W
	Status Mode Word 2 – status and control of RMU

	1010
	R
	Transfer Counter - # of times Science Data read since last RUPT.

	1011
	R/W
	Status Mode Word 3 – status and control of RMU

	1100
	W
	Software Reset – resets the RMU to power up state

	1101
	-
	Reserved

	1110
	-
	Reserved

	1111
	-
	Reserved


PCA & LEA Board
Reference

· MLA Instrument Electronics CDR (February 15, 2002)

Functional Description

PCA stands for Power Converter Assembly and supplies power to the instrument.  There are two power modes, and two commands accepted by the PCA.  The two power modes are low power (RMU off), and high power (RMU on).  The two commands accepted by the PCA is to toggle the power mode and to toggle power to the laser.  Each of those commands can be performed by the flight software via the CPU board FPGA.  Note that the laser power is separate from the power mode;  in low power the laser can be turned on, and in high power the laser can be turned off.   This is not how the instrument is designed to work, but it is not prevented.

DPU – Messenger Spacecraft

Reference

· Messenger GIIS revision B (January 3, 2003)

Functional Description

DPU stands for Data Processing Unit and is the spacecraft processor directly interfaced to the MLA instrument.  It interfaces to the MLA instrument via an external UART on the CPU board.  There are two DPUs (they are redundant) A and B, and two corresponding external UARTs on the CPU board, A and B.  Only one is active at a time, and the DPU will not switch without a power off of the instrument and then a power on.


All communication between the DPU and MLA is done inside ITFs (Instrument Transfer Frames).  ITFs from the DPU to MLA contain either 1. MET messages 2. Commands.  ITFs from MLA to the DPU contain telemetry.  Once per second the DPU sends an MET message to MLA.  Commands can arrive at anytime. Once per second, MLA flight software sends an ITF to the DPU containing all of the telemetry for the previous second.  It is an error to have an ITF span the 1PPS (the transmitting of the ITF begins before the 1PPS occurs, and finishes after it occurs).

At power up, the FPGA generates an interrupt associated with which DPU (A or B) that is active.  The software uses this interrupt to configure the UART drivers (so that the proper UART, A or B, is used) and to set a register in the FPGA that specifies which 1PPS signal to send to the RMU.  This only occurs once at power up.

Instrument Electronics Layout

Reference

· MLA Instrument Electronics CDR (February 15, 2002)

· Cable Diagram Packet

· Figure 2.5, 2.6, 2.7

CPU-to-RMU Interface (J1)
	#
	Name
	Description

	1
	WR_STROBE
	XXXX edge signals that the value on WR_DATA should be written to the address specified by ADDR

	3 – 17 (o)
	WR_DATA
	Data bus holding values that are written to the RMU registers

	21
	INTERRUPT
	RUPT – XXXX edge causes an interrupt on the CPU board

	24-29 (o)
	ADDR
	See RMU section for memory mapped register space.  This value specifies which memory mapped register a read or write will go to.

	37,39
	SPARE_OUT
	Not used

	2
	RD_STROBE
	XXXX edge signals that the value on RD_DATA should be captured

	4-18 (e)
	RD_DATA
	Data bus holding values that are read from the RMU

	20
	RD_PARITY
	The FPGA automatically checks the parity of the data read from the RMU over the RD_DATA read lines.  If the parity calculated by the FPGA differs from RD_PARITY then the FPGA generates an interrupt.

	36
	1HZ
	When the RMU is commanded to synch to the 1PPS, this input is used by the RMU as the 1PPS.  The FPGA routes the selected 1Hz signal (A or B) from the DPU to the RMU over this line.

	38,40
	SPARE_IN
	Not used


DPU-to-RMU Interface


The DPU provides the RMU with two 5MHz clocks (A and B).  These are the same clocks that generate the 1PPS.  The RMU is configured to only use one of them or an internal clock.  These clocks are separate from the DPU that is being used even though they are called A and B.

CPU-to-AEM Interface (J2)
	#
	Name
	Description

	1
	ADRWRn
	This line will strobe when an A/D  mux address and DAC id is being written.  (The value on the DATA bus is the byte containing the A/D mux address and DAC id) XXX edge.

	3
	DACWRn
	This line will strobe when a D/A value used in the conversion is being written.  (The value on the DATA bus is a D/A data value to be converted)  XXX edge.

	5
	RD_ADCn
	This line will strobe when the result of an A/D is being read (The value on the DATA bus is an A/D conversion result).  XXX edge.

	7
	RD_MUXSELn
	This line will strobe when the aem_mux&sel register is being read (The value of that register will be on the DATA bus).  XXX edge.

	9
	CPUADCWRn
	This line will strobe when the CPU board starts an A/D conversion.  The current mux address will be used.  XXX edge.

	13
	270SELn
	Channel 3 : 0 – enabled,  1 – disabled

	15
	MEDSELn
	Channel 2 : 0 – enabled,  1 – disabled

	17
	10LOSELn
	Channel 1 Lo : 0 – enabled,  1 – disabled

	21
	LATC_ACKn
	This line will go ???Low??? when the CPU board acknowledges that a latchup as occurred.  The AEM will take corrective measures to free the latchup.

	23
	LATHCUP
	This line will go ???High??? when the AEM detects a latchup condition.

	27
	DATRDYn
	This line will strobe when the AEM is finished an A/D conversion and the data is ready to be read.  XXX edge.

	31
	10HISELn
	Channel 1 Hi : 0 – enabled,  1 – disabled

	39
	Laser_Pump_Pulse_Width
	This signal is carried to the CPU and the width of the pulse is measure by the High Speed Input component of the 80c196.

	2-16 (e)
	DATA
	Data bus – holds addresses and data, read and written to the AEM.  This includes mux addresses, DAC IDs, conversion results, etc.


CPU-to-PCA Interface (J3)

	#
	Name
	Description

	1
	PORn
	????

	3
	POWER_MODE_SELECT
	0 – Low Power Mode;  1 – High Power Mode

	5
	250KHz+
	????

	15
	LASER_ENABLE
	0 – Laser Disabled; 1 – Laser Enabled

	17
	+2_5_Vdc
	????

	19
	+5_Vdc
	????

	18
	250KHz-
	????


**** Does the laser enable go to the PCA before it goes to the LEA ?

CPU-to-DPU Interface (J3)

	#
	Name
	Description

	7,9
	A_RXD
	DPU A RS-422 receive line (signal from DPU to CPU)

	11,13
	B_RXD
	DPU B RS-422 receive line (signal from DPU to CPU)

	2,4
	A_SYNCH
	DPU A differential 1Hz

	6,8
	B_SYNCH
	DPU B differential 1Hz

	10,12
	A_TXD
	DPU A RS-422 transmit line (signal from CPU to DPU)

	14,16
	B_TXD
	DPU B RS-422 transmit line (signal from CPU to DPU)


Functional Overview of Instrument

The MLA instrument consists of a CPU, RMU, AEM, PCA, and LEA; all have been discussed above.  The purpose of the instrument is to obtain a topographical map of the surface of Mercury.  To do that, a laser beam is shot at the surface of Mercury and the reflected light is detected and timed.  The amount of time it takes for the laser light to travel to the surface of Mercury and reflect back is converted into a distance which is then used to generate an altitude of the surface.  This occurs eight times a second.  


The sequence of events in detail are as follows:

· The RMU sends a fire command to the laser

· If the laser is powered on, the laser will fire

· The AEM initiates an auto-conversion process which is completed by the CPU board FPGA.

· The laser beam is split and some of the light is reflected back into the detectors

· If the split light from the laser fire crosses a threshold (tx_thresh) it is time- stamped by the RMU

· Tx_thresh is configurable via an AEM DAC

· The initial laser beam light travels to the surface of Mercury and reflects back

· The detectors receive reflected light, amplify the pulse according to a gain setting (Gain) and processes it through three channels

· Ch 1 Hi – Hi pass filter for channel 1

· Ch 1 Lo – Lo pass filter for channel 1

· Ch 2 – Medium amplitude pulses

· Ch 3 – Wide low amplitude pulses

· The Gain is configurable through an AEM DAC

· When the Range Gate Start time is reached, the RMU begins time-stamping detected light coming in over the filters until the Range Gate Stop time is reached (See figure 2.6).

· If a pulse present on a channel crosses the associated threshold, it is time-stamped by the RMU.  The RMU time-stamps the first Ch 1 Hi threshold crossing, and the first fifteen threshold crossings on any of the remaining three filters (Ch 1 Lo, Ch 2, Ch 3).

· The four thresholds associated with the four filters are configurable via an AEM DAC.

· Approximately 15ms after the laser fired, the RMU issues an interrupt (RUPT) to the CPU board signaling that all the data for the laser shot is ready to be read and processed by the flight software.
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Chapter 3 – Flight Software Tasks

Flight Software Structure
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Flight Software Science Data Flow 

· The operational rate of the instrument is 8Hz.  Eight times a second the laser fires, data is collected, and processed.

· When the data from the returned pulses are collected by the RMU issues a RUPT interrupt to the CPU to signal that the data is ready.

· Driven by the RUPT, the Science Data (SD) task wakes up and collects the data from the RMU as well as health and status data from the AEM.

· When complete, the SD task creates a raw hardware packet (SI_WAKEUP_APID) and sends it on the software bus to the Science (SI) task.

· The Science task wakes up with the reception of the raw hardware packet and processes it according to the specification of the science algorithms.

· On the eight shot, a science packet reflecting the data collected over the eight shots that occurred tens seconds earlier is created and sent on the software bus.  Every ten seconds of data is buffered and signal processed to determine which low returns should be down linked.  For that reason, the science packet is ten seconds behind, since it won’t know which low returns for that second to downlink until it has buffered and processed all ten seconds.  
Idle Task (IDLE)

System Characteristics

· Task ID = 1

· Priority = Last (99) 

· Stack Size = 512 bytes

· Memory Page = 2

Function

· The IDLE task is responsible for monitoring the general health of the flight software

· Making sure the spacecraft time message (MET) is received every second.

· Making sure critical tasks run each second.  This is determined by a check-in process where the critical task must set a flag cleared each second to signal that it ran.

· Calculating an idle count which represents how many times the IDLE task went through it’s execution loop in one second.

· Services the Watchdog once a second

· It is the code that runs when there is nothing for the processor to do.  

Timing

· The IDLE task is always active (ready to run) and is the lowest priority task on the system.

· It polls the current internal MET time kept by the flight software and when that time increments it performs its monitoring.  This effectively “wakes up” the IDLE task once a second and allows it to perform calculations on a once a second basis instead of continuously.

Software Bus Inputs

· Spacecraft Time Packet (IDLE_TIME_DEST) – the time message received from the spacecraft. 

Software Bus Outputs

· When the time message has not been received for a specified number of seconds (IDLE_MET_Missing_Before_Starting_Safe_Script), the task will issue a MLA_SAFE command via a command packet (SHORT_CMD_APID – 26).

Hardware Inputs

· None

Hardware Outputs

· Watchdog Servicing – if all of the critical tasks have checked in, the watchdog will get serviced once a second.

Global Memory Inputs

· Watchdog Check-in Bit Field (IDLE_wd_checkin_mask) – the IDLE task monitors this global variable to check if critical tasks are running.  The critical tasks are:

· Time Task (TM)

· DPU Input Task (DI)

· Science Data RUPT Task (SD)

· Telemetry Framer Task (TF)

Global Memory Outputs

· Idle Count (SC_idle_count) – each time the IDLE task goes through its execution loop it increments this count.  The count is reset once a second.  This count is placed in the software diagnostics packet and is used to determine the CPU usage of the flight software for the previous second.  Each idle count represents approximately 22.72us (which is 44 counts per 1 ms).

Time Task (TM)

System Characteristics

· Task ID = 2

· Priority = 1st  

· Stack Size = 512 bytes

· Memory Page = 1

Function

· Maintains the flight software schedule of when things execute by keeping track of and performing all timers, delays, waits.  When active the TM task goes through all the timers and delays in the system and determines if any of them should go off.  If one of them should, the task creates a timer packet and sends it on the software bus to the proper destination.

· Maintains the internal flight software MET time which it aligns with the spacecraft time when the spacecraft time message is being received.

Timing

· This task works in close conjunction wit the TM_ISR(03) which wakes up the TM task.  

· The TM_ISR configures the High Speed Input module of the CPU to create a 64Hz timing interrupt which is serviced by TM_ISR.  This effectively partitions each second into 64 slots.  By associating a timer for specific slots, and mapping that timer to events, the flight software can control what happens when within each second.

· Phase locks the flight software with the 1PPS signal from the spacecraft (TM_ISR).  When a 1PPS is received by the flight software, the TM_ISR will attempt to line up the internal 64Hz with the 1PPS so that slot 0 of each second begins when the 1PPS is received and slot 63 ends exactly when the next 1PPS is received.

· This task uses the T2_CAPTURE_ISR(11) for phase locking.

Software Bus Inputs

· Spacecraft time packet (TIME_UPDATE_DEST) – when received the task sets the internal flight software MET to the received spacecraft MET.

Software Bus Outputs

·  Timer packets – when a timer goes off a timer packet which is mapped to the appropriate destination is generated and sent on the software bus.  A task pending on the destination of that timer is then woken up.  The timer packet APID is specific to each timer and is in the range of 52 – 63.  The software does not externally know what the APID of a specific timer is.  There can only be a maximum of 12 registered timers in the system.

Hardware Inputs

· T2Capture – when the 1PPS signal is received by the CPU board, the HSI captures the value of the CPU timer2 and stores it for use by the software.  The TM_ISR, on the last slot of the second, uses that value to compare the number of internal timer2 ticks from the previous second to the number of ticks that the code calculated would be in the second.  This is used to phase lock the internal 64Hz to the 1PPS.

Hardware Outputs

· HSI  module configuration – the High Speed Input module of the CPU can be configured to generate an interrupt based on the expiration of one of two hardware timers.  The flight software configures the HSI to use timer2, and to generate an interrupt at approximately 64Hz.

· HSO module configuration – the High Speed Output module of the CPU is used to toggle I/O lines coming off the CPU.  The TM task drives the HSO pin 0 low for the 1/64th of a second during the first slot of the second.  This is used for debugging only.

Global Memory Inputs

· None.

Global Memory Outputs

· Free Run Flag (TM_met_free_run) – sets this variable to false when the time message from the spacecraft is received.

· Idle Check-in Mask (IDLE_wd_checkin_mask) – checks in once a second when the slot is zero (first slot of the second).

· RUPT Position (SD_rupt_position) – clears this to zero when the slot is zero.  This is done to reset the RUPT position at the expected 1PPs, so that the first RUPT after the 1PPS would be RUPT 1.

· 1PPS Occurred (TM_1pps_occurred) – this flag indicates if the 1PPS was received by the CPU board in the previous second.

DPU Input Task (DI)

System Characteristics

· Task ID = 3

· Priority = 2nd 

· Stack Size = 512

· Memory Page = 2

Function

· To receive all data coming from the DPU over either of the external UARTS (A or B)

· To verify and format that data, and send it on the software bus to the appropriate destination

Timing

·  The task runs off of an 8Hz software timer.  At 8Hz it wakes up, checks to see if any data has been received over the external UART by the External UART ISR.  If there is data, it begins to process it.

· The task works in close conjunction with the EXT_INT(07) interrupt that services the external UARTS.

Software Bus Inputs

· Software timer packet
Software Bus Outputs

· Command packets (SHORT_CMD_APID 26)

· Spacecraft Time Message (TIME_APID 22)

Hardware Inputs

· External UART (A or B)

Hardware Outputs

· None

Global Memory Inputs

· None

Global Memory Outputs

· Number of ITFs rejected (DI_ItfsRejectedCount).

UART Input Task (UI)

System Characteristics

· Task ID = 4

· Priority = 3rd 

· Stack Size = 512

· Memory Page = 2

Function

· Receive all data coming from the 80c196 internal Rs-422 UART

· To verify and format that data to be sent to the proper destination on the software bus

Timing

· This task is woken up by every byte that is received by the internal UART.

· This task works in close conjunction with the RX_INT (09)

Software Bus Inputs

· None

Software Bus Outputs

· Any valid packet

Hardware Inputs

· Internal 80c196 UART

Hardware Outputs

· None

Global Memory Inputs

· None.



Global Memory Outputs

· None.

Command Task (CP)

System Characteristics

· Task ID = 5

· Priority = 7th 

· Stack Size = 4096

· Memory Page = 1

Function

· To process all commands sent to the flight software

· To maintain and process stored command scripts

· Commands are executed by an on-board scripting language.  Processing a command involves making a request to the script interpreter to process a stored script.  The execution of commands is therefore centralized to the Command Processor task, specifically the script interpreter part of the Command Processor.  Scripts are written and compiled on the ground using a custom scripting language and compiler, and then loaded into memory, to be retrieved later for execution.

· A command script consists of a sequence of instructions called function codes.  A function code is a unique ID and a set of arguments that specify a single action for the script interpreter to take.  An example function code is ADD.  Three arguments would follow: A, B, and C.  The script interpreter would then add A+B and store the result in location C.  Each function code implicitly specifies the format of the data that follows it.  Abstractly, a script is a sequence of bytes in memory that is processed using predefined rules by the script interpreter.

· The low-level building blocks of scripts are the function codes, of which there are three types: logical, computational, and special.  Logical function codes are actions that affect the execution path through the script.  They include GOTO, IF-THEN, and DONE.  Computational function codes are the basic arithmetic operations that can be performed on data.  They include reading and writing memory and variables, adding, subtracting, multiplying, and dividing.  The last type of function code is the C&DH specific functions., which includes routing telemetry, linking and unlinking timers, dumping tables, and memory loads and dumps.

Timing

·  Runs whenever a command is received by the task

Software Bus Inputs

· Command Script Packets (CMD_APID 25)
· Call Command Packets (SHORT_CMD_APID 26)
· Software Timers
Software Bus Outputs

· CMD_ECHO_APID

· ERROR_APID

· EVENT_OCCURRED_APID

· CMD_APID

· STEP_APID

· KILL_APID

· CRC_INPUT_APID

· TABLE_DUMP_APID

· SHOW_MAPPINGS_APID

· SHOW_DESTINATIONS_APID

· DUMP_STORED_MSG_APID

· IO_DUMP_APID

· SHOW_SUSPENDED_APID

Hardware Inputs

· None.

Hardware Outputs

· None.

Global Memory Inputs

· All IVARs – these are global memory variables that have been registered with the command processor

Global Memory Outputs

· All IVARs – these are global memory variables that have been registered with the command processor

UART Output Task (UO)

System Characteristics

· Task ID = 7

· Priority = 9th 

· Stack Size = 512

· Memory Page = 2

Function

· Outputs data over the internal 80c196 UART

· By mapping a packet to the UO destination, the raw words of that packet are displayed over any terminal that is connected to the internal UART of the CPU board.

· Display a startup message containing the date of compilation/linkage, the version of code, and the most recent reset cause.

Timing

· This task is woken up every time there is data ready to be outputted.  It runs until there is nothing left on its input software bus queue.

Software Bus Inputs

· Any software bus packet that is mapped to the UO task destination.
Software Bus Outputs

·  None.

Hardware Inputs

· None.

Hardware Outputs

· Internal UART transmission.

Global Memory Inputs

· Reset cause (OS_reset_causes) – This variable is used by the UO task to display a startup message over the internal UART.

Global Memory Outputs

· None.

Cyclic Redundancy Check Task (CRC)

System Characteristics

· Task ID = 8

· Priority = 13th (second to last)

· Stack Size = 512

· Memory Page = 2

Function

·  Calculate a CRC over a commanded memory range.  When a Mla_Mem_Check is commanded, the command processor routes the command packet to the CRC task.  The CRC task performs the commanded CRC and generates a CRC packet when finished.

Timing

· The CRC task is woken up by a CRC command packet.

· After 0x400 bytes that are CRCed, the CRC task goes to sleep for 1 second.  So if a command was sent to the CRC task to CRC 0x800 bytes, the CRC task would first do bytes 0x000 – 0x3FF, then go to sleep for 1 second, then do bytes 0x4000 – 0x7FF.

· Notice that the delay of 1 second is from the time the CRC task finishes its current calculations.  This means that the CRC task is completely asynchronous to the 1Hz and / or any other timing in the flight software.  On long CRC calculations there will be a drift in when the CRC task wakes up with respect to the 1Hz.

Software Bus Inputs

· CRC command packet (SHORT_CMD_APID, 26)

Software Bus Outputs

·  CRC result packet (MEM_CHECKSUM_APID, 3)

Hardware Inputs

· CPU board FPGA page registers

Hardware Outputs

· CPU board FPGA page registers


Global Memory Inputs

· None

Global Memory Outputs

· None

Telemetry Framer Task (TF)

Operation System Characteristics

· Task ID = 10

· Priority = 8th (middle)

· Stack Size = 512 bytes

· Memory Page = 2 

Function

· Once a second output an ITF containing all of the telemetry generated from the previous second to the selected spacecraft DPU over the selected external UART.

· Fill out the MocStatus portion of the ITF.

· Generate the Mla_Status packet if the status packet should be generated on the given second.

· Generate the software diagnostic packet (if commanded to ON).

· Loosely monitor and reset key telemetry points

· Aem Latchup Rate Counter which limits the number of times an AEM latchup can be acknowledged in one second.

· 1PPS Occurred – is set if on the previous second the 1PPS was received from the spacecraft.

· MET Free Run – is set if on the previous second the MET message was not received from the spacecraft and therefore the software had to free run.

· TM Phase Lock Error – the number of microseconds that the time manager was off when phase locking the internal 64Hz to the 1PPS.

· Generate and manage the generation of alarm messages.  A list of the most recent 40 alarms generated is maintained by TF.  Every second, the 4 oldest alarms are generated (meaning the associated alarm packet is allocated and populated) and placed into the ITF.  This has a few caveats.  The first is that if there are more alarms than 40 in the list, the oldest alarm gets written over by the most recent alarm, which means that when it gets outputted, instead of the oldest alarm on the list being outputted, then most recent alarm will get outputted.  It also means that regardless of the number of alarms that get generated, only four alarms a second will be outputted in the ITF. Lastly, the alarm has the MET of when it was allocated, not when it was generated.

· Configure the appropriate external UART to communicate to the spacecraft DPU.

Timing

· The TF task runs once a second triggered by the third TM slot after the 1PPS.  In other words approximately 46.875 ms after the 1PPS, the flight software automatically wakes up the TF task to run.  

· It is possible that the science task (which has a high priority) can overrun its boundary and delay the start of TF.   But this is never a problem under normal operating conditions.  Under diagnostic conditions, the software may be configured to output so much telemetry that a delay in scheduling TF may cause critical missed deadlines.

· The spacecraft DPU has a few constraints on the TF task:

· It must only output one ITF per second,

· That ITF can not exceed 1250 bytes in size

· The transmission of the ITF must begin after the 1PPS and end before the next 1PPS.

Software Bus Inputs

· All software bus packets that are designated as telemetry.
Software Bus Outputs

· The Alarm messages (ERROR_APID, 2).  But these are automatically routed back to the TF task.

Hardware Inputs

· _uart1_int_premask_low
and _uart1_fifo – when the 1PPS times out, the TF task clears the receive buffer for external UART 1 (UART A).

Hardware Outputs

· _uart1_tx_buff and _uart2_tx_buff – these are the memory mapped registers that communicate to the external UARTs.

· _uart1_int_mask_low and _uart2_int_mask_low – when the 1PPS times out (hasn’t been received for the first 40 seconds of execution), the TF task configures the UARTs to enable UART 1 (UART A) and disable UART 2 (UART B).

Global Memory Inputs

· DPU_Select
- Depending on which interrupt is received first, the 1PPS from DPU A or DPU B, the flight software selects which UART to communicate over: UART 1 for DPU A, and UART 2 for DPU B.  This selection is performed in the external interrupt in the ISR module.

· DPU_Select_Override – If a time out occurs, the TF task overrides the configuration of the UARTs and begins talking over UART 1.  If the 1PPS is received later, the external interrupt ISR will override the override.

Global Memory Outputs

· IDLE_wd_checkin_mask – TF is a critical task and therefore has to check in.

Dump Task (DUMP)

Operation System Characteristics

· Task ID = 11

· Priority = 10th (fairly low)

· Stack Size = 512 bytes

· Memory Page = 1

Function

· Respond to a dump command by generating a sequence of dump packets covering the requested memory space.

· Due to an APL GIIS 256 byte limit on the size of the dump packet, if the dump task is requested to dump an area of memory that is greater than 256 bytes, it will break up the dump into smaller dumps.  Starting at the beginning of the requested memory space, every second it will generate a dump packet with the next 256 bytes of memory.

Timing

·  When a dump is active (it pends on a semaphore that is controlled by the command processor task – CP), the dump task runs once a second.  It is possible via the Mla_Mem_Read_Int command to configure the dump task to run at a slower rate, in intervals of 1 second up to 65535 seconds.

Software Bus Inputs

· None.
Software Bus Outputs

·  Memory dump packet (DUMP_APID, 4)

Hardware Inputs

· None

Hardware Outputs

· None

Global Memory Inputs

· TF_dumps_per_second – variable used by the command processor and the scripts to set the dump interval.

Global Memory Outputs

· TF_dump_active – when the DUMP task is  currently processing a dump command (over multiple seconds because the requested memory dump size was greater than 256), this variable goes to a 1.

Data Compression Task (DC)

Operation System Characteristics

· Task ID = 12

· Priority = 11th (very low)

· Stack Size = 1024 bytes

· Memory Page = 2

Function

· Compress the raw science telemetry packet produced by the science task, using a modified version of the Rice algorithm

· Buffer four science packets at a time before compressing (compress them all together).  Provide a timeout feature that will cause science packets left in the buffer (because there were fewer than 4 of them, and the software transitioned to Standby mode) to be compressed.

· The DC task performs all of its compression every four seconds.

Timing

·  Woken up every second by the MET message.  This occurs in all modes of the software.

· Woken up every time the science packet is received (nominally once a second in Science mode).

· The DC task takes a very long time to run, approaching an entire second.  It also consumes a lot of dynamic memory to allocate a compressed packet.  This is offset by the fact that the task only performs its major processing once every 4 seconds.  The average CPU and memory usage over the 4 seconds is an acceptable rate.

Software Bus Inputs

· Science Packet (SI_1_Hz_APID, 21) – the raw output of the science task
· Spacecraft Time packet (TIME_APID, 22)
Software Bus Outputs

· Compressed science telemetry output (COMPRESSED_SCI_DATA_APID, 16)

Hardware Inputs

· None.

Hardware Outputs

· None.

Global Memory Inputs

· DC_num_seconds_per_compression – number of seconds that can go by without compressing a science packet that is currently in the buffer.

· DC_num_science_per_compression – number of science packets that are buffered before the buffer is compressed.

Global Memory Outputs

· None.

Science Data RUPT Task (SD)

Operation System Characteristics

· Task ID = 13

· Priority = 4th 

· Stack Size = 512 bytes

· Memory Page = 2 & 3

Function

· Collect the science data (return data, thresholds, gain) from the RMU and AEM and pass it to the science task for processing

· Determine the position of the current RUPT with respect to the 1PPS.

· Measure the laser pulse width using the High Speed Input module of the 80c196

· Read the 1Hz to RUPT time from the RMU

· Read and re-configure the auto-conversion

· Read the science data array from the RMU and validate that data

· Monitor the 6 TOF chips for a lockup condition, and respond to it

· Perform A-to-Ds on the 6 DACs channels in the AEM

· Send the raw science data packet to the science task as well as construct a hardware diagnostic light or full version of that packet for telemetry.

· Provide canned data that is able to be feed to the science task and to the hardware diagnostic telemetry packets.

· Provide AEM drivers for performing A/Ds and D/As

· Provide RMU drivers for setting the range gates

Timing

· The SD task runs directly off the RUPT interrupt issued by the RMU.  The RUPT ISR gives a semaphore that the SD task takes.

· When the RMU is configured to be synched to the 1PPS, the SD task will be synchronous with the rest of software, but if the RMU is not configured to be synched to the 1PPS, the SD task executes asynchronous to the rest of software and will drift across different portions of the C&DH code.

Software Bus Inputs

· None.
Software Bus Outputs

· Science Data (SI_WAKEUP_APID, 36)

· Hardware Diagnostic Packet (HW_DIAG_APID, 19)

· Hardware Diagnostic Light Packet (HW_DIAG_LIGHT_APID, 24)

Hardware Inputs

· The science data array read over the RMU shift register _rmu_sci_data

· RMU electronics accessed through memory mapped registers


· AEM electronics accessed through memory mapped registers

· 80c196 High Speed Input Module accessed through CPU registers

Hardware Outputs

· RMU electronics accessed through memory mapped registers

· Configuring TOF resetting

· Low return limiting (to 10) in science data array

· AEM electronics accessed through memory mapped registers

· Perform A/D conversions

· Perform D/A conversions

· AEM auto-conversion management

· 80c196 High Speed Input Module accessed through CPU registers

Global Memory Inputs

· SD_startup_flag – transitioning to standby mode sets a start up condition which prevents the task from read the RMU for 3 seconds.  This is to avoid possible illegal traffic over the RMU bus during the time that return data is being time stamped.  The startup period gives the software time to synch itself.

· SD_artificial_data_flag – the software can be commanded (via a command processor command) to ingest and therefore produce canned data instead of real data.  This canned data is treated exactly as if it was real data except that there is no interaction with the hardware and there is no error checking performed on it.

Global Memory Outputs

· SD_rupt_position – the science task uses this global memory variable to synchronize itself with the 1PPS.  It performs different operations depending on which RUPT it is on in the second.  This variable should be moved to the software bus packet SI_WAKEUP_APID because it is possible that a science task overrun could cause this variable to get updated twice before the science task reads it.  Currently it has been determined that this is a very low risk situation.

Science Data Timer Task (SD’)

Operation System Characteristics

· Task ID = 14

· Priority = 21 (middle priority)

· Stack Size = 512

· Memory Page = 2

Function

· Monitor the temperature and voltages of the instrument.

· Handle a startup condition for the SD RUPT task

· Provide canned data for telemetry output of the temperatures and voltages

Timing

· Driven off of an internal software timer, the task is woken up between the forth and fifth RUPTS when the RMU is synched to the 1PPS.

Software Bus Inputs

· Software Timer

Software Bus Outputs

·  None.

Hardware Inputs

· RMU electronics accessed through memory mapped registers

· AEM electronics accessed through memory mapped registers

Hardware Outputs

· RMU electronics accessed through memory mapped registers

· AEM electronics accessed through memory mapped registers

Global Memory Inputs

· SD_rupt_position – monitors this variable to determine if RUPTS are occurring.  If they are not, then the RMU is reset.

Global Memory Outputs

· SD_startup_flag – when the startup condition is over, the flag is set to 0.

Science Task (SI)

Operation System Characteristics

· Task ID = 15

· Priority = 6 (fairly high)

· Stack Size = 2048 bytes

· Memory Page = 3

Function

· Implement all science algorithms

· Adjust range window location and width to follow surface echoes

· Use background noise counters to  set detector threshold levels

· Scale the detector output

· Bin all the range returns for analysis

· Determine surface echo returns from the noise

· Pick which returns to downlink in telemetry

Timing

·  The science task is woken up at 8Hz with the reception of the science data packet SI_WAKEUP_APID.  It is completely data driven (with the exception of the SD_rupt_position shared memory), and will run on a one to one basis with each RUPT, even if the task gets behind.

Software Bus Inputs

· Science Data produced by the SD task (SI_WAKEUP_APID, 36)

· Spacecraft Range Message (TIME_APID, 22)

Software Bus Outputs

· Raw Science Telemetry Packet (SI_1_Hz_APID, 21) 

Hardware Inputs

· None

Hardware Outputs

· Channel thresholds – via SD driver

· Transmit threshold – via SD driver

· Gain – via SD driver

· Channel selects – via SD driver

· Range Gate Start and Stop – via SD driver

Global Memory Inputs

· SD_rupt_position – managed by SD task, gives the position of the current RUPT with respect to the 1PPS in order for the science task to synchronize its functions with the 1PPS.

Global Memory Outputs

· None.

Checksum Task (CS)

Operation System Characteristics

· Task ID = 16

· Priority = 12th (third to last)

· Stack Size = 512 bytes

· Memory Page = 2

Function

· Continuously cycle through all tables that have checksumming enabled  and checksum them (running XOR or is it a truncated 8-bit sum).

· Handle registering of tables and enabling/disabling of checksumming for each table

Timing

· When enabled, this task will run once a second and checksum a portion of a table.  When it finishes one table, it automatically moves onto the next table. 

Software Bus Inputs

· None

Software Bus Outputs

·  None

Hardware Inputs

· None

Hardware Outputs

· None

Global Memory Inputs

· CS_words_per_cycle – number of words that the checksum task will checksum in one second.

Global Memory Outputs

· CS_checksum_cycle_counter – counts the number of times the checksum task has gone through all of the available tables to be checksummed.  When this increments, it indicates that if there was a checksum failure present, it should have been caught.

· CS_cs_enabled – bit mask of the tables that have checksumming enabled

· CS_errors – bit mask of the tables that have a checksum failure

Chapter 4 – System Timing and Data Flow

Timing Overview

The flight software timing is handled by a real-time operating system (RTOS) and interrupt service routines (ISR).  The RTOS is a pre-emptive priority based scheduler with semaphore and delay functionality.  Other functionality available in the RTOS is not used.  The RTOS does not handle priority inversion.  The ISRs are immediately branched to by the processor when their associated interrupt is generated, except when they are masked off, in which case the interrupt is pending, but no action by the processor is taken.

The base cycle (period) of the flight software is one second.  The spacecraft demarcates this period with a 1Hz pulse called the One Pulse Per Second (1PPS).  All telemetry for that second is required to be packaged in an Instrument Transfer Frame (ITF) and sent to the spacecraft.  Each second the flight software runs an entire pass through all of its code.  There are some tasks that have counters that enable them to do different things on different seconds, but those counters are always maintained locally to the task.

There are three scheduling sequences that occur within the second.  The first is the internal flight software timing sequence, the second is the RMU laser firing sequence, and the third is the purely data driven low priority tasks that are scheduled either from command packets or the time message.  Both of the first two sequences are naturally asynchronous to each other, but both of them are configured to synchronize with the 1PPS and therefore, in effect, synchronize with each other.  The last sequence is left asynchronous.

Enabled Interrupt Service Routines

TM_ISR (03)

· Generated By : the TM task in order to create a 64Hz timing interrupt

· Action Taken : services the 64Hz interrupt and schedules the TM task

EXTINT (07)

· Generated By : all interrupts generated by the CPU board FPGA are ORed down to this 
single 80c196 interrupt  

· Action Taken : the software is then responsible for interrogating FPGA registers to 
determine which interrupt was generated

EXTINT (07) - UART 1 FIFO_NOT_EMPTY 

· Generated By : external UART 1 that receives ITFs from DPU A

· Action Taken : buffers the data for the DI task

EXTINT (07) - UART 2 FIFO_NOT_EMPTY 

· Generated By : external UART 2 that receives ITFs from DPU B

· Action Taken : buffers the data for the DI task

EXTINT (07) - RUPT 

· Generated By : RMU Data Ready Interrupt issued at 8Hz from the RMU when the RMU is 
powered on

· Action Taken : Schedule the SD RUPT task to run

EXTINT (07) - RMU_PARITY_ERROR 

· Generated By : if a parity error is detected by the RMU on the transmission of a byte of 
data over the RMU bus, the RMU generates this interrupt

· Action Taken : Error counter is incremented, the interrupt is masked off

EXTINT (07) - RMU_A_SIDE 

· Generated By : every time the 1PPS from DPU A is received by the RMU, the RMU 
generates this interrupt

· Action Taken : The TF and DI tasks and the external UARTS are configured to 
communicate to DPU A. This and the corresponding A side interrupt are masked
 
off.

EXTINT (07) - RMU_B_SIDE

· Generated By : every time the 1PPS from DPU B is received by the RMU, the RMU 
generates this interrupt

· Action Taken : The TF and DI tasks and the external UARTS are configured to 
communicate to DPU B.  This and the corresponding A side interrupt are masked
 
off.

EXTINT (07) - AEM_LATCHUP_OCCURRED

· Generated By : if the AEM detects that a latchup has occurred on one of the bus lines 
from the AEM to the CPU, it will generate this interrupt

· Action Taken : the latchup is acknowledge via a CPU board FPGA register write.  The rate 
of this interrupt being serviced is limited to twice a second.

EXTINT (07) - CODE_REGISTER_CORRUPTED 

· Generated By : if the CPU board FPGA detects an illegal value in the code window register 
(controlling the code memory page), it will issue this interrupt

· Action Taken : the CPU board is reset

EXTINT (07) - DATA_REGISTER_CORRUPTED 

· Generated By : if the CPU board FPGA detects an illegal value in the code window register 
(controlling the code memory page), it will issue this interrupt

· Action Taken : the CPU board is reset

RXINT (09)

· Generated By : the internal 80x196 UART receiving data

· Action Taken : the data is passed to the UI task which is then woken up

TM_TIMER2_CAPTURE (11)

· Generated By : the 80c196 High Speed Input module detecting the 1PPS signal

· Action Taken : the current High Speed Input module timer value is captured and used to 
measure the number of timer ticks between 1PPSes.

Internal Flight Software Timing Sequence

The internal flight software timing sequence is driven by the TM task which generates a 64Hz interrupt using the 80c196 hardware timers.  The TM ISR for the 64Hz is able to send timer packets to various tasks to wake them up.  In this way, the software can be scheduled into 64 discrete slots within each second.  Developers are able to control the overall timing of the system by scheduling various tasks to wakeup during the desired slot.  

The internal flight software timing sequence is used to schedule all C&DH activities.  Initially, the implementation of the flight software used almost a dozen internal timers to schedule multiple activities.  This was the natural implementation given the design of the timing system that came with the C&DH.  Unfortunately it was discovered that the processing power of the 80c196 was not enough to handle a system scheduled this way, so the implementation was changed to have only four internal timers.  It reduced the amount of control the developers had over the C&DH timing, but increased the efficiency of the system.

Telemetry Framer Timer

· Period – 1Hz

· Offset – starts approximately 47 ms into the second (slot 3)

· Function – sets off the Telemetry Framer task.  

DPU Input Timer

· Period – 8Hz (every 8 slots)

· Offset – starts approximately 94 ms into the second (slot 6)

· Function – sets off the DPU Input task.  

Checksum Timer

· Period – 1Hz

· Offset – starts 125 ms into the second (slot  8)

· Function – sets off the Checksum task

Science Data Backup Timer

· Period – 1Hz

· Offset – starts approximately 453 ms into the second (slot 29)

· Function – sets off the SD’ task

Understand that the TM task which is responsible for managing the internal software timers is the highest priority task in the system.  Therefore, every task is guaranteed to be woken up during the associated slot, but it is not guaranteed to immediately run.  Once woken up, it is subject to the priority based scheduling system of the operating system.

The internal 64Hz interrupt is automatically phase-locked to the 1PPS by the TM task.  The TM task manages this process by continually measuring the number of timer ticks between 1PPSes and adjusting the width of the 64 slots.  In doing so, the slots not only line up  with the 1PPS so that the beginning of slot 0 corresponds to the reception of the 1PPS, but also the individual slots are an exact 1/64th of the second between the 1PPSes.  Erroneous 1PPSes from the spacecraft are handled by the TM task by enforcing maximum adjustment rates and keeping running averages of the previous seconds.

RMU Laser Firing Sequence

When the instrument is in Standby mode or Science mode, the PCA is in high power mode, which has the RMU powered on.  When the RMU is powered on it runs through an 8Hz cycle of events.  Those events are given in detail earlier in this guide during the discussion of the RMU.  For this discussion, the following events will suffice:

1. Issue Laser Fire Command

2. Collect and Process Return Data

3. Issue RMU Data Ready Interrupt (RUPT)

Obviously, the distinction between Standby mode and Science mode is made clear by the fact that if in Standby, the laser is not powered on, the first event in the above sequence will have little meaning, causing the events that follow to have little meaning.  Regardless, the timing of the software is dumb to the validity of the data being returned by the RMU.

The flight software schedules a sequence of events off of the RUPT.  That sequence is as follows:

1. RUPT ISR runs and gives a semaphore taken by the SD RUPT task.

2. The SD RUPT task wakes up, takes the semaphore and collects all of the return data from the RMU (and reads some AEM data as well).  It then packages that data in a packet (SI_WAKEUP_APID) and sends it to the Science Task.

3. The Science Task wakes up with the reception of the SI_WAKEUP_APID

a. If in Science mode : the science task processes the data in that packet as well as produces a raw science packet (SI_1_Hz_APID) that telemeters previously processed return data.

b. If not in Science mode : the science task returns.

4. The Data Compression task (if compression is enabled) upon the reception of a raw science packet (SI_1_Hz_APID), buffers that packet.  When the buffer contains four raw science packets or there is a timeout on a non-empty buffer, the compression task compresses the buffer and produces a compressed science packet (COMPRESSED_SCI_DATA_APID).

This sequence of events can be synchronized with the internal flight software timing by configuring the RMU to synch to the 1PPS.  When configured to do so, the RMU will cause its cycle to immediately begin after every 1PPS.  In doing so it does not adjust the spacing between the RUPTS but it does line up the first RUPT with the 1PPS.

For maximum synchronization, the RMU should be configured to use the external oscillator corresponding to the 1PPS that is being generated.  The external oscillator and the 1PPS then come from the same clock.  By synching to the 1PPS and using the external oscillator, not only will the first RUPT line up with the 1PPS but the spacing between the RUPTS will be exactly 8Hz.

Purely Data Driven Tasks

Idle Task – this task is scheduled to constantly be active and can never be put to sleep, but functionally, this task uses the a TM shared memory variable that holds the time to schedule when it will perform its designated operations (software system monitoring and watchdog servicing).

UART Input Task – this task is scheduled only when there is data sent to it by the Rx_Int (09).  It is woken up by each individual byte received over the internal 80c196 UART.

Command Processor Task – this task is scheduled when a command packet (CMD_APID, SHORT_CMD_APID) is received from the software bus.  There is no explicit limit to how many times CP can run in one second.  There is only two instances where the CP task is /could be scheduled other than receiving a command that originated from the spacecraft and was sent via the DI task to the instrument: one is at startup when the initialize system command is automatically sent, and the other is when the software detects a missing time message for an extended period of time and automatically calls the safing script.  Other than those two instances, all packets sent to CP come from the DI task.

UART Output Task – this task is schedule by receiving software bus packets.  As soon as a packet is received it will begin transmitting it over the internal 80c196 UART.

Dump Task – this task is scheduled when a Mla_Mem_Read command is issued.  The Command Processor task, upon receiving that command, releases a semaphore which allows the Dump task to begin processing the memory dump.  The Dump task will automatically put itself back to sleep when it is finished with the dump.

CRC Task – this task is scheduled by the reception of a CRC input packet (CRC_INPUT_APID) which is generated by the Command Processor as the result of a Mla_Mem_Check command.

Local Task Multi-Second Periods

Science Task – every 10 seconds performs signal processing on the previous ten seconds of return data. 

Data Compression Task – every 4 seconds compresses the buffer of raw science packets.

Science Data RUPT Task – every two seconds (16 RUPTS) the TOF chips are monitored.

Timing Diagrams

Boot / Keep Alive
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This image captures a little over two seconds of data representing the timing of the flight software in Boot / Keep Alive mode.  Each line is a task or a section of critical code.  When the line goes high the code is active.  That is not to say that the code is running, just that the RTOS has it as active: a higher priority task at any time can take control of the processor and leave another task active.  When the line goes low again, it signals that the task has completed.  In practice these transitions almost always occur around a software bus receive, a semaphore take, or a operating system sleep call (a wait forever).

The lines marked “_tm_t2capture_la_point” and “_xx_tm_1pps_slot_la_point” (2nd and 3rd from the bottom) mark the 1PPS and therefore the boundaries for the second.  As can be seen, the timer task TM is constantly running at 64Hz.  The telemetry framer task is nearly the first major task to run, and because in Boot / Keep Alive there is not much telemetry to output, it hardly runs at all.  The pink blip is the reception of the spacecraft time message over the external UART, and the following DI (the green line right above it) blip is slightly wider showing that it was processing the message.  The blip for the IDLE task (top line) only indicates when the IDLE task services the watchdog.
Standby
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This timing diagram captures the timing of the flight software during Standby mode.  Notice the additional tasks at the bottom of the image compared to the image of the Boot / Keep Alive timing.  The three additional tasks are the RUPT ISR, the SD RUPT task, and the Science task (from the bottom up).  Notice that they follow each other perfectly.  The RUPT is serviced, the SD RUPT task becomes active, then the Science task becomes active.  Nearly everything else in the system remains the same.

Science
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This timing diagram captures the timing of the flight software in Science mode.  It is important to notice that the only difference between Standby mode and Science mode is the extra processing down by the Science task and the Telemetry Framer task.  Each of the Science task blips is now a bit wider showing that it is performing some processing on the data it is receiving from the SD RUPT task.  But notice the very large blip right in the middle of the image for the Science task.  That large blip even runs over the 8Hz boundary and into the next RUPT.  This occurs every ten seconds when the Science task performs signal processing on the previous tens seconds of data.  The design of the software allows the science task to overrun the RUPT because the SD RUPT task communicates to the Science task via a software bus packet which can be queued up.  The small hash at the end of the large Science task blip indicates that the Science task finished running and then began to run immediately again because it detected that there was more science data from the SD RUPT task on its queue.

Notice also the increased width of the Telemetry Framer task blips.  This indicates that there is more telemetry being outputted.  The reason for having the Telemetry Framer task begin running so early in the second is clear from this picture.  It leaves the most room for the task to finish before the next 1PPS.  Especially if it gets delayed, like it did after the Science task did signal processing.

Chapter 5 – Building an Executable

Development Environment
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GSEOS – A Windows 2000 PC running APL based ground system called GSEOS.  This station handles all commands going to the instrument and all telemetry coming back from the instrument.  All flight software loads are performed through this station.
Instrument Simulator – A Windows 2000 PC with special hardware (two programmable I/O cards connected to PCI slots on the motherboard).  The special hardware interfaces to custom built hardware (“IO Interface in picture) over parallel cables.  Together this simulates the instrument electronics surrounding the CPU board.  Specifically it simulates the RMU, AEM, and PCA electronic boards.  The simulator also provides functionality to load and process simulated data files.  This is used to feed model data through the RMU to the science task in order to test the science algorithms.

Compiler / CM System – In practice, this computer can be combined with any of the other computers, and for the maintenance phase, it is combined with the GSEOS computer and is just one PC.  This station is used to compile the flight software and to check into and out of a configuration management tool.  The tool’s server is located on this computer.

Spacecraft Simulator – Custom built hardware provided by APL.  In effect it only performs two functions: 1. generate a 1Hz signal which is sent to the GSEOS and the CPU board;  2. Pass all command and telemetry straight through to or from the instrument and the GSEOS.  The 1Hz signal which is generated, when sent to the GSEOS, signals to the GSEOS that it must issue an MET message, which in turn is sent through the spacecraft simulator to the CPU board as a command.  The MET message received by the CPU board is the Spacecraft Time Message used through out the entire flight software system.

ROM Monitor – A Windows PC running HyperTerminal and connected over its COM port to the CPU internal UART.  Early in development it is sometimes necessary to access the PROM based ROM Monitor developed by the MLA flight software team.  The ROM Monitor provides basic diagnostic commands via a serial port connection.  The flight software still supports interfacing through the ROM Monitor but it is not needed with a fully function ground system.  Beyond just the ROM Monitor, during the execution of the flight software, there are diagnostic message transmitted over the internal UART.  The messages are not necessary but are sometimes useful.  It is also possible to route any of the software bus packets to the internal UART destination while operating the instrument – thus providing a way to see the raw packets going over the software bus.

Logic Analyzer – Unix based HP logic analyzer.  The logic analyzer MLA stored configuration is completely set up to be usable by Steve Slegal’s logic analyzer tool.  

Target Memory Map

In order to understand how the flight software executable is built and why things are organized and setup they way they are, it is helpful to understand how the code is stored and runs in memory on the instrument.  The besides the Boot Strap which runs out of PROM, the flight software runs out of SRAM but is stored in two separate places in EEPROM.  The Boot Strap copies the code from EEPROM into SRAM and jumps execution to it.

It is important to know where and how the code and data resides in EEPROM.  There are two different banks of EEPROM: non-write protected (Bank 0 : 0x80000 – 0x9FFFF) and write protected (Bank 1 : 0xA0000 – 0xBFFFF).  A separate image of the flight software resides in each bank.  When the instrument powers on or resets, the Boot Strap first attempts to boot the image in bank 0, if that fails because of a checksum error, it will attempt to boot the image in bank 1.  If that fails, it will revert back and blindly boot the image in bank 0.  In other places in the code and documentation bank 0 is referred to as the primary image, and bank 1 is referred to as the alternate image.

When an image is loaded into a bank of EEPROM, the four code pages and the four data pages are first loaded into RAM and then they are copied into EEPROM.  The executable layout of the code and data in RAM has lots of gaps that aren’t being used.  When the code and data is copied into EEPROM, those gaps are removed, and the code and data is packed sequentially, one after the other.  At the beginning of each bank of EEPROM the Boot Strap looks for (and initially creates) a load directive that tells it how to copy the code and data back out of EEPROM into RAM.

Also associated with each bank of EEPROM is a table that holds the command script data.  As discussed in previous sections, there are 3 command script tables, one in RAM, one in EEPROM Bank 0, and one in EEPROM Bank 1.  When a command is called, the search order of those tables are RAM, Bank 0, Bank 1.  The operational configuration of the memory only loads the command script data into EEPROM Bank 1.  The reason for this is that Bank 1 is write protected so that after launch, it cannot be changed.  Bank 0 can be written to, and used to replace scripts in Bank 1 (it appears first in the search order).

One important thing to note is that depending upon the documentation and the context of the discussion, the page numbers can be different.  It will be very important to take time and read the discussion of the memory map in the FPGA Spec version 1.3 as well as the discussion of paging in the Hardware Chapter of this guide.  In both places, identifying pages is done differently.  When the ROM Monitor is used, it again has a different mechanism for identifying pages, as well as the flight software and the ground system.  Obviously, not all differences are desired, but it is the result of having different contexts.  

From the perspective of the hardware there are 16 pages of SRAM (numbered 0 – 15), 8 pages of EEPROM (numbered 0 – 8) and 2 pages of PROM (numbered 0 – 1).  From the perspective of the flight software, the SRAM pages are broken up into Code and Data pages.  Page 8 with respect to the hardware becomes Data page 0 with respect to the flight software.  As so it is – pages 0 – 7 are Code pages 0 – 7 and pages 8 – 15 are Data pages 0 – 7.  EEPROM and PROM is left alone.  Then lastly, between the ROM Monitor and the rest of the flight software there is a different memory address scheme.  In the flight software, the schema given in the table below is used.  In the ROM Monitor, Code, Data, EEPROM and PROM all start at address 0x00000, and are uniquely identified by a letter in front of the address (C – Code, D – Data, E – EEPROM, P – PROM).
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	ADDRESS MIN
	ADDRESS MAX
	SOFTWARE VIEW
	HARDWARE VIEW 

	0x00000
	0x07FFF
	DATA PAGE 0
	SRAM PAGE 0

	0x08000
	0x0FFFF
	DATA PAGE 1
	SRAM PAGE 1

	0x10000
	0x17FFF
	DATA PAGE 2 
	SRAM PAGE 2 

	0x18000
	0x1FFFF
	DATA PAGE 3
	SRAM PAGE 3

	0x20000
	0x27FFF
	DATA PAGE 4
	SRAM PAGE 4

	0x28000
	0x2FFFF
	DATA PAGE 5
	SRAM PAGE 5

	0x30000
	0x37FFF
	DATA PAGE 6
	SRAM PAGE 6

	0x38000
	0x3FFFF
	DATA PAGE 7
	SRAM PAGE 7

	0x40000
	0x47FFF
	CODE PAGE 0
	SRAM PAGE 8

	0x48000
	0x4FFFF
	CODE PAGE 1
	SRAM PAGE 9

	0x50000
	0x57FFF
	CODE PAGE 2
	SRAM PAGE 10

	0x58000
	0x5FFFF
	CODE PAGE 3
	SRAM PAGE 11

	0x60000
	0x67FFF
	CODE PAGE 4
	SRAM PAGE 12

	0x68000
	0x6FFFF
	CODE PAGE 5
	SRAM PAGE 13

	0x70000
	0x77FFF
	CODE PAGE 6
	SRAM PAGE 14

	0x78000
	0x7FFFF
	CODE PAGE 7
	SRAM PAGE 15

	0x80000
	0x87FFF
	EEPROM PAGE 0
	EEPROM PAGE 0

	0x88000
	0x8FFFF
	EEPROM PAGE 1
	EEPROM PAGE 1

	0x90000
	0x97FFF
	EEPROM PAGE 2
	EEPROM PAGE 2

	0x98000
	0x9FFFF
	EEPROM PAGE 3
	EEPROM PAGE 3

	0xA0000
	0xA7FFF
	EEPROM PAGE 4
	EEPROM PAGE 4

	0xA8000
	0xAFFFF
	EEPROM PAGE 5
	EEPROM PAGE 5

	0xB0000
	0xB7FFF
	EEPROM PAGE 6
	EEPROM PAGE 6

	0xB8000
	0xBFFFF
	EEPROM PAGE 7
	EEPROM PAGE 7

	0xC0000
	0xC7FFF
	PROM PAGE 0
	PROM PAGE 0

	0xC8000
	0xCFFFF
	PROM PAGE 1
	PROM PAGE 1


Building the Code

The compiler used to build the code is the Tasking 196 Family C Compiler.  In the configuration managed (CM) “MLAApps” directory, the compiler executables reside.  In the CM “MLASoftware\Code” directory all of the source code resides.  When the directory structure is set up as such, the file “MLASoftware\Code\build.bat” will successfully build the code using the makefile “MLASoftware\Code\mla_fsw.mak.”  The file “MLASoftware\Code\DBTools \build2_dat.bat” will successfully generate the command script database file “cdh.dat.”

The entire build process is captured by the makefile and the build2_dat batch file.  Once the makefile and the batch file is finished, everything that is needed by the ground system to load the executable image onto the instrument is present.  This chapter will go through, step-by-step, the makefile and the batch file.

Build2_Dat Batch File

The flight software uses custom command scripts to implement the on-board commanding capability of the software.  These command scripts are separate from the executable code and are compiled by a custom written compiler.  The product of the compiler is a text database file that is used to load the command scripts into a table in memory.

Simply running the “DBTools\build2_dat.bat” file will successfully generate the database file “cdh.dat.”  

Makefile
File Locations
EDETOOLS – location of the embedded development environment of the Tasking 196 toolset.

BINDIR – location of the binary executables (*.exe in windows) for the Tasking 196 toolset.

COMPILER – location of and filename of the compiler executable.

ASSEMBLER – location of and filename of the assembler executable.

LINKER – location of and filename of the linker executable.

OMFTOHEX – location of and filename of the object file to Intel hex file translation 


executable.  This program converts the linker output (*.abs – absolute located images) to 
a text file which contains a list of Intel hex files of the same image.  The hex file is 
needed to load through the GSEOS ground system.

Handling Paging
The makefile definitions of OBJS0,1,2,3 and the PAGEX,1,2,3,0 labels are implemented in order to handle the paged memory space the flight software is targeting.  The CPU board memory layout is not a flat memory space but a paged memory space.  Please carefully read the section in the Hardware Chapter (2) on the memory layout.  In order to compile code for the paged memory layout, the compiler in some sense had to be tricked.  Instead of building one image, the makefile builds three separate images.

The flight software application is divided up into four pages of code and data pages: 0 (Code Page 0, Data Page 8),  1 (Code Page 1, Data Page 9),  2 (Code Page 2, Data Page 10),  3 (Code Page 3, Data Page 11).  The compiler is able to generate an image with a 16 bit memory space plus 1 bit for the INST pin which allows a 16 bit code space and a 16 bit data space.  By permanently placing page 0 code and data in the lower half of the 16 bit code and data space, the other pages can be swapped in and out of the upper space.

Therefore, the flight software is actually three separate programs.  Page 0 is compiled and linked with page 1, 2, and 3.  Keeping page 0 at memory addresses 0x0000 – 0x7FFF, each of the other pages can reside at addresses 0x8000 – 0xFFFF.  Each page can only access code on its own page and code that is on page 0.  Page 0 is the only page that has access to all pages.

	Memory Space
	Program 1
	Program 2
	Program 3

	0x0000 – 0x7FFF
	Page 0
	Page 0
	Page 0 

	0x8000 – 0xFFFF
	Page 1
	Page 2
	Page 3


Memory Types

There are many types of memory: Code, Static Data, Constant Data, Dynamic Data, Stack Data, Initialized Static Data.  

· Code is memory that contains executable processor instructions.  

· Static Data is memory that contains static addresses that are reserved for variables that can be read from and written to. 

· Constant Data is memory that contains static addresses that are reserved for variables that can only be read from. 

· Dynamic Data is memory that is dynamically allocated from a heap. 

· Stack data is the memory used for local variables, parameters passed to functions, and operating system contexts.  Each task has its own stack which is managed by the compiler and the operating system.

· Initialized Static Data is Static Data that has a transparent Constant Data counter part.  The compiler generates code at startup that will copy the constant data into the static data.  The program only accesses the static data and never has access to the constant data.

The MLA flight software only uses Code, Static Data, Constant Data, and Stack Data.  The flight software does not use Dynamic Data or Initialized Static Data due to constraints imposed by the paging environment.

Code is always located on code pages and is accessed when the INST pin goes high.  Static Data and Constant Data is always located on data pages and is accessed when the INST pin is low.

Build Options
COPT – compiler options

· ms : when generating the *.lst file, mix the C source with the assembly source output of the compiler

· co : generate the assembly source output of the compiler in the *.lst file
· pl(60) : number of lines per page in the *.lst file

· pw(120) : number of character per line in the *.lst file

· dn(1) : level 1 diagnostic messages.  Zero is the highest which will cause the compiler to issue errors, warnings, and remarks.  Level 1 only has the compiler issue errors and warnings.

· ot(3) : memory size optimization level 3 (highest).  The compiler will try to reduce the code size as much as possible.

· sp(0) : speed optimization level 0 (lowest).  The compiler will not optimize for speed at all.  Experimentally, this was tried and shown to increase the size of the code with little or  no affect on the performance.

· rc(bscope,fscope) : this control prevents the compiler from allocating block scope and file scope variables in the register space.  We had to prevent this from happening because of the memory paging scheme.  Because there are four separate linkings performed in the makefile, registers allocated in one link might overlap registers allocated in a separate link. 

· db : include debug information in the object module.  This is used in order to allow debugging to be done with the Chipview software simulator of the 80c196.

· omf(2) :OMF96 version 3.2

· md(kd) : 80c196KD is the target processor

· define(EEPROM_VERSION=X) : X = 0 if the code is being built for non-write protected EEPROM Bank 0.  X = 1 if the code is being built for write protected EEPROM Bank 1.

SPEED_COPT – same as the COPT compiler options, except that speed optimization is enabled 

· sp(2) : speed optimization level 2 (highest). 

AOPT – assembler options

· ep : error print

· oj($*.obj) : macro that will expand into the name of the produced object file

· db : include debugger information (symbol table) in the object file for use by a debugging tool.

· ld : line number are included in the debug information included in the object file

· sc : generate line number information (documentation is unclear where this goes)

· cm : allows the specified assembler listing to include the public symbol “main”.  If this control is not specified, the assembler will give an error if “main” is used, yet the linker will give an error if it doesn’t find it.

· pl(60) : produced listing file (*.lst) that has 60 lines per page

· pw(120) : produced listing file (*.lst) that has 120 characters per line

· omf(2) : OMF96 version 2.3

· md(kd) : 80c196 is the target processor

LOPT0,1,2,3

· li(pl,sb,ln,sm) : everything possible should be included in the listing file (*.lst), publics, symbols, source lines, and segment maps

· ix : include inter-module cross reference listing in the list file (*.lst)

· pw(120) : produce listing file (*.lst) that has 120 characters per line

· omf(2) : OMF96 version 2.3

· md(kd) : 80c196 is the target processor

· nohe : do not allocate space for a heap

· in : use the INST pin to page between code and data

· ss(976) : set the system stack size to 976 bytes

· noit : do not create startup code that initializes data.  This is because the code that the linker generates does not work in a paged environment.  In the flight software if a variable needs to be initialized it must be manually initialized.  This does not include constant data.

· ra(..) – place the static data segments of the following modules at the following addresses

· rc(..) – place the code segments of the following modules at the following addresses

· rd(..) – place the constant data segments of the following modules at the following addresses

Complete
The last step of the makefile, after all the source has been compiled and the object files linked, is to go through a series of batch commands.  These commands do everything from produce files needed by the ground system for loading, to running checks on the listing files for errata instructions.

“OmfToHex” – the series of calls to this tool takes the output of the linker for each page and creates a corresponding Intel hex file that represents the same image.  The hex file is needed by the ground system GSEOS to load the flight software onto the instrument.  The file outputs of this tool are “page[0,1,2,3]_code.hex” and “page[0,1,2,3]_data.hex.”

“OneHex” – this tool searches the “MLASoftware\Code” directory for the hex files created by the above series of calls to OmfToHex, and concatenates them all into two hex files, one that contains all of the hex records for the code – “mla_fsw_code.hex”, and one that contains all of the hex records for the data - “mla_fsw_data.hex”.

“DoCheck” – this tool calculates checksums for the code and data segments of each page and produces the file “mla_fsw_csums.out” with the results.

“DoCrc” – this tool calculates CRCs over all constant data and code segments of each page and produces the file “mla_fsw_crcs.out” with the results.

“DoList” – this tool takes all of the list files (*.lst) in the “MLASoftware\Code” directory and combines them into one large list file “mla_fsw_full.lst”.   The new list file includes paging information for each of the lines of code.

“Store_Script” – this tool creates two text files – “mla_fsw_store_prime.txt” and 
”mla_fsw_store_alt.txt” that are used by the ground system to copy the code and data into EEPROM.  When loading the flight software onto the instrument, the code and data is first loaded into RAM into the locations where it would exist if it were running.  It then uses the two text files created by this tool to copy the code and data from RAM into EEPROM in the format that the boot strap uses.  These files are also used to create the proper load directives in EEPROM for the boot strap.

“Crc” – the series of calls to this tool calculates CRC values on memory ranges that are passed into the tool.  The above tool DoCrc is not as useful in validating the CRCs because it calculates CRCs on too many small segments.  For validation we needed large CRCs across an entire page.  The result of this tool is printed to the standard out.

“Check4Errata” – this tool searches the list files for two errors that are documented problems with the compiler.  It checks to make sure that the compiler didn’t generate a long (32bit) compare to R0 because R0 is only 16 bits.  It also prints out a list of short branches to a word (16bit) register.  Check the Tasking 196 errata for details.  The results are printed to standard out.

Load Process
There are different ways to load the software onto the CPU board depending upon the ground system and interface being used.  Currently there are two ways to load the software : through the internal 80c196 UART, and through the GSEOS ground system.

Internal 80c196 UART

Configure HyperTerminal on a windows machine to connect over COM1.  The settings should be – 38400 baud, 8 data bits, no parity, 1 stop bit, no flow control.  Depending on the operating system, the ASCII settings might need to be adjusted so that there is a small character delay and line delay.  Those delays are different depending on the computer and need to be discovered by trial and error.

Once connected to the internal 80c196 UART, hold down the space key on the HyperTerminal computer while resetting the CPU board.  This will bring up the Boot Strap Monitor.  At the prompt type LD (it is case sensitive).  Then use HyperTerminal to transmit “mla_fsw_data.hex” as a text file.  When finished transmitting, type LC.  Then use HyperTerminal to transmit “mla_fsw_code.hex” as a text file.  When finished transmitting the code and data has been  properly loaded into SRAM and is ready to run.

If you desire to run the code directly out of SRAM, type RC02080.  If you wish to copy the code and data into the non-write protected EEPROM, use HyperTerminal again to transmit the file “mla_fsw_store_prime.txt”.  If you wish to copy the code and data into the write protected EEPROM, use HyperTerminal again to transmit the file “mla_fsw_store_alt.txt”.  At this point, resetting the board will load the primary (non-write protected image).

When the flight software code is running, configure the HyperTerminal to insert a line delay between the uploaded data.  Then transmit the file “\DBTools\cdh.dat.”  After each command script is successfully loaded, an echo of that script will appear on the screen.  When all the scripts have been loaded, the entire flight software has been loaded.

See MLA Monitor documentation for details.  Also see MLA Flight Software Load Procedure document for a complete description of how to load through the MLA Monitor.

GSEOS

Loading the flight software onto the instrument from the GSEOS requires the right files to be in the right place.  To ensure that, in the “MLASoftware\Code” directory there is a batch file “gseosload.bat” which, when run will copy all the necessary files to their right destinations.  That batch file does the following copies:

· copy mla_fsw_code.hex C:\Messenger_b4r2\Messenger\Instrument\i_MLA\loads

· copy mla_fsw_data.hex C:\Messenger_b4r2\Messenger\Instrument\i_MLA\loads

· copy mla_fsw_store_prime.txt C:\Messenger_b4r2\Messenger\Instrument\i_MLA\fsw

· copy mla_fsw_store_alt.txt C:\Messenger_b4r2\Messenger\Instrument\i_MLA\fsw

· copy DBTools\cdh.src C:\Messenger_b4r2\Messenger\Instrument\i_MLA\fsw

· copy DBTools\Output\cdh.dat C:\Messenger_b4r2\Messenger\Instrument\i_MLA\fsw

· copy DBTools\Output\cdh.nam C:\Messenger_b4r2\Messenger\Instrument\i_MLA\fsw

· copy ERRCODE.H C:\Messenger_b4r2\Messenger\Instrument\i_MLA\fsw

· copy SBdefine.H C:\Messenger_b4r2\Messenger\Instrument\i_MLA\fsw

Once all the files are in the right directories, three tools must be run from within the GSEOS GUI.  Going to MLA Tools drop-down menu select the following:

· MLA Load Generation ( Generate EEPROM Load Scripts

· prepares for loading the hex files onto the instrument

· creates “mla_fsw_store_prime.py”

· creates “mla_fsw_store_alt.py”

· MLA Database Generation ( Generate FSW Text

· provides pretty-print of error codes, apids, task ids, and destinations – for the console and the logger 

· creates “mla_fsw_text_db.py”

· MLA Database Generation ( Generate Command

· provides internal database used to load flight software command scripts

· provides pretty-print of script alarms and command names

· creates “mla_stored_cmd_db.py” 

Once these tools have been run from the GSEOS GUI, the GSEOS must be restarted.  (If only the Generate EEPROM Load Scripts tools was called, then the GSEOS does not needed to be restarted, but as a rule it is a good idea to get in the habit of always restarting GSEOS).  When GSEOS comes back up the following steps will load the flight software onto the instrument:

· Power on the instrument and come up in the Boot Loader (this is what will begin running by default after a power on or a reset)

· Clear out all of SRAM and all of EEPROM; otherwise, the CRC calculations over entire pages will fail due to gaps not being zeroed out.

· “dlb_zero_nweeprom_all.py” – zeroes out non-write protected EEPROM

· “dlb_zero_weeprom_all.py” – zeroes out write protected EEPROM

· “dlb_zero_ram_code.py” – zeroes out all the code RAM pages

· “dlb_zero_ram_data.py” - zeroes out all of the data RAM pages

· Run “mla_fsw_store_prime.py” to load the flight software into the non-write protected bank of EEPROM.

· Run “mla_fsw_store_alt.py” to load the flight software into the write protected bank of EEPROM.

· Exit the Boot Loader by calling the Mla_Rom_Boot command.  Once the flight software has loaded out of EEPROM and is running (ignore any error messages), run “mla_load_write_protected_scripts.py” to load the scripts into the write protected EEPROM table.

These steps will load one flight software image into both banks of EEPROM.  In some cases it may only be necessary to perform a portion of this process.  The steps in the above process are independent enough that they can be done alone to accomplish their specific task without needing the other steps to be done.

The launch configuration of the flight software is slightly modified from the above process.  Due to the problem that there is no way to operationally determine which bank of EEPROM the code was booted from, the development team developed two different images – a non-write protected image and a write protected image (this makes sense when the configuration managed directories are examined and it is discovered that in the “MLASoftware\Images\3.5.2” directory there is a “Non-Write Protected Image” subdirectory and a “Write Protected Image” subdirectory).  The difference between the two images is a constant global memory variable “EEPROM_VERSION” which is set in the makefile.  In the non-write protected image, “EEPROM_VERSION” is set to 0.  In the write protected image “EEPROM_VERSION” is set to 1.  This variable comes down in telemetry (Mla_Status::Os_Eeprom_Version).  Unfortunately an unanticipated consequence of setting the “EEPROM_VERSION” is that the compiler was able to optimize certain code that dealt with the variable.  This optimization slightly shifts the memory map so that the memory maps between the two images are not the same, even if the code is the same.  At launch two completely different builds (3.5.1 in Write Protected, and 3.5.2 in Non-Write Protected) resided in the EEPROM so this was not an issue.

Miscellaneous
1. The Tasking compiler puts all words and dwords on word boundaries, it will pad a struct to accomplish this.  For instance, if in a structure (or anywhere for that matter) a word is followed by a single byte and then another word, it will actually take 6 bytes.  The byte in the middle will be followed by a pad byte inserted by the compiler.  This is most important in defining structures that are used as tables or telemetry and need corresponding definitions on the ground.
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