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l. General Information

The AFGL-701-14 Langmuir Probe Instrument on CRRES has two
separate functions, namely to act as 1) a combined Langmuir-
Probe/Electric-Field instrument and 2) as the control element for
the Fluxgate Magnetometer (AFGL-701-13). This chapter describes
the general capabilities of the instrument while later chapters
describe the software and hardware in more detail.

The electric-field/langmuir probe part of the instrument
connects to two orthogonal double probes, each of which is a pair
of separated conductors whose potential difference is measured.
One pair of separated conductors are spheres that are located in
the spin plane on the ends of wire booms and separated by 100
meters. The other pair of conductors are cylindrical wire boom
elements also in the spin plane that are separated by an
effective distance of 90 meters.

The fluxgate magnetometer part of the instrument consists of
a 3-axis magnetometer sensor which is attached to the end of a
20' rigid boom in the spin plane. The sensor has a plus or minus
45000 nT range and sensitive to less than 1/2 nT.

Both parts of the instrument are controlled by a central
computer which telemeters to the ground approximately 96 Langmuir
Probe/Electric Field samples and 48 Magnetometer samples per
second.

In addition, the instrument coordinates with two other
instruments on the spacecraft. The electric field analog signals
are repeated to both an AC electric field‘instrument and a plasma
analyser, and magnetic field data is sent in reduced digital form

to the plasma analyser.




1.1 Sensor Descriptions

Wire Booms with Spherical Sensors
(AFGL~701-14D and 14E)

The spherical sensors consist of opposing wire booms that
are positioned by centrifugal force. Each boom has four major
components: the spherical sensor, "stub" and '"guard" segments,
the cable and the deployment hardware.

The sensor consists of an aluminum sphere which is coated
with a conductive material. 1Inside this shell is a small circuit
board containing circuits for both voltage and current
measurements.

The cable consists of 8 conductors surrounding a coaxial
conductor. These wires are surrounded by a stainless steel braid
which acts as an electrically conducting outer shield. The
conductors feed vVvoltages and accept signals from the
preamplifiers located in the spheres. The mechanical member
which supports the centrifugal force load of the probes is
stranded Kevlar that is located between the wires and the braid.
The wires and outer shield connect electrically at the sensor
sphere.

The cable's outer shield is broken into three sections. The
section closest to the sphere, which is called the STUB section,
is electically connected to a voltage equal to the preamplifier
output plus or minus a small DC offset so as to force its
potential to be near that of the sphere, and, thus, to minimize
the perturbing effect of the cable on the plasma. To guard
against the possibility of oscillations being set up by this

arrangement due to resonances in the plasma, it is possible to




insert ‘a low pass RC filter with 100 Hz rolloff between the
preamplifier and the stub section by actuating a latching relay
in the main electronic box.

To prevent a positively charged spacecraft from attracting
electrons away from the sensors, a small section (10cm), called
the GUARD, is placed between the shield and the stub sections.
The guard section is adjusted to be more negative than the sphere
and stub sections and its potential with respect to the sphere is
controlled by the microprocessor via ground command.

Stubs and guards exists symmetrically on both sides of each
sphere, with the outer stub and guard being restrained at launch
via a "tophat" mechanism. Basically, the outward cable segment
is wrapped inside the "hat" while the "brim" of the hat holds
onto the sphere. When the centifugal force on the tophat exceeds
its ability to hold on, the tophat releases and the cable
unravels as the tophat floats away.

The deployment units incorporate two methods of measuring
boom length as well as microswitches to reveal both sphere-
release and end-of-wire conditions. One method of 1length
measurement involves a simple potentiometer tied to the cable
spool, while the second method uses a microswitch tied to cam on
the cable feed roller.

Boom deployment is accomplished under microprocessor control
that monitors the boom lengths and temporarily stops the
deployment of any unit whose length differs from that of its mate
by more than a few inches. As a backup in case of microprocessor

failure in launch, the boom deployment can be accomplished




directly by the spacecraft control system.
Wire Booms with Cylindrical Sensors
(AFGL-701-15D and 15E)

Each cylindrical sensor unit is driven by a 28-volt
brushless DC motor which powers both a storage reel and a drive
roller assembly. The driver roller incorporates a slip clutch
which allows the roller to be driven at a slightly faster rate
than the storage spool. This feature ensures that a positive
tension is maintained on the wire while being dispensed from the
mechanism. A potentiometer is driven by the moving wire to give
a continuous indication of deployed length. Microswitches are
used to signal the full extension point. In addition, at full
extension, a lever trips another microswitch which cuts power to
the motor to provide automatic shut-off of the mechanism. This
function is backed up by a positive mechanical stop to prevent
the possibility of backwrapping the wire through switch failure.

The deployment of cylindrical boom units is under direct
spacecraft control, not instrument control.

Electric Field measurements using the cylindrical units
involve attaching small preamplifier circuits near the base of
each antenna unit. Each preamplifier box is then connected to

the main electronics box.




DC Preamplifiers for Cylindrical Booms
(AFGL-701-14B and 14C)

The DC measurement of cylindrical sensors is accomplished by
means of preamplifier circuits located close to the base of the
cylinder deployment mechanisms. Bias current to the sensors is
supplied by means of a relay inside the DC preamplifier unit.
This relay connects a bias voltage to the sensor through a large

valued resistor.
Shonstedt Fluxgate Magnetometer
(AFGL-701-13-1A, 1B, 2)

The magnetometer measurement is made using a standard
fluxgate instrument of which there are two units: a main
electronics box and sensor. The sensor is mounted on a rigid 20'
long boom in order to get it far enough away from the spacecraft
body that the total spacecraft generated magnetic field will have
a strength less than 2 nT along the spin axis and 4 nT in the
spin plane at the sensor location. The sensor is oriented such
that the outputs called BX, BY and BZ are in the spacecraft
coordinate system -X, -Z, and -Y. The sensor is also tipped
slightly in order to give a spin frequency waveform in the other

measurements. This allows for the spacecraft z-axis offset to be

calculated.




Table 1. Summary of Physical Attributes

BOX DESCRIPTION DIMENSIONS WEIGHT AVG.POWER
(in) (1bs) (W)

13-l1la:Fluxgate Elect. 5.6 X 6.5 x 2.1 1165 .500
13-1b:Sensor 4.7 x 2.8 x 2.8 o7 .050
14A :Electronics 10.5 x 10.5 x 5.0 16.0 8.250
14B :DC Preamp 4.0 x 2.4 x 1.3 0.6 . 125
14C :DC Preamp 4.0 x 2.4 x 1.3 0.6 .125
14D :Spherical Boom 14.8 x 6.5 x 7.5 8.2 .500
14E :Spherical Boom 14.8 x 6.5 x 7.5 8.2 .500
15D :Cylindrical Boom 7.5 x 12.2 x 7.3 5.6 D
15E :Cylindrical Boom 7.5 x 12.2 x 7.3 5.6 ————
Notes:

1. 14D&E weights include 50 meters of wire and spherical

sensor.

2. 15D&E weights include 50 meters of wire.

3. Peak power of 14A is 10.5 Watts (Burst collecting).




1.2 Instrument Interfaces
The 701-14 instrument has a number of interfaces which share
signals and data with other experiments. These are described

below:

IOWA SOUNDER INTERFACE. The IOWA Sounder is an AC electric
field instrument capable of frequencies up to several hundred
thousand Hertz. Two analog signals are sent from the -14A box to
the IOWA instrument (701-15A). In the voltage mode, these are
the Voltages on spheres 1 and 2, while in the current mode these
are the current on sphere 1 and ground.

The IOWA instrument incorporates a search coil magnetometer,
whose signal is buffered to the -14A box. This signal is
available to the Burst computer system only.

LEPA INTERFACE. The Low Energy Plasma Analyser (LEPA)
interface consists of a few open collector digital 1lines which
are used to communicate reduced magnetometer information from the
Langmuir Probe to the LEPA instrument. This data points out the
loss cone to the LEPA instrument, so that it can take high
resolution samples in this region.

SPACECRAFT INTERFACE. The spacecraft interface consists of
both digital and analog wires. Timing signals provided include
telemetry shift clocks at 16 KHz, a 2 KHz clock (8-bit telemetry
word timing), and a major frame spike every 4.096 seconds. Data
is shifted out in 16-bit packages. The 2 KHz clock is used to
maintain timing in the MAIN and BURST computers.

Commands are shifted into the instrument in 16-bit packages

using a shift clock and envelope signals. The envelope is wired




into a MAIN computer interrupt to provide command ready
information.

A sun pulse is also provided by the spacecraft electronics.
Using this signal and the 2 KHz clock, the MAIN computer
continuously calculates the spacecraft sun angle for use by
internal functions such as spin-fitting and bias sweeping.

Analog and bi-level monitors of the instrument health are

provided through the main spacecraft interface.

1.3 Analog Electronics
The following is an overview of the analog electronics in
the Langmuir Probe instrument (701-14A). For more details, refer

to the hardware description in chapter 3.

E-field Sensor Interfacing

The instrument has four main electric field sensors, namely
the two spheres and the two cylinders. The spheres are capable
of being operated in two modes, one which measures electric
fields and the other which measures the current.

The electronics which measure the sphere voltages have a
bandwidth of about 1 MHz and the .differential signal dynamic
range of +/- 200 Volts. This dynamic range 1is achieved by
operating +/- 12 volt preamplifiers from floating power supplies.
The output voltage of the sensor is used to driver a unity gain
preamplifier which operates from a +/- 100 Volt supply that is
referenced to the experiment ground. The output of this supply
drives the common terminals of its floating preamp supplies.
This circuit allows the sensor potentials to swing plus or minus

100 volts with respect to the spacecraft. To reduce power




consumption, the large signal bandwidth is limited to 1000 Hz.
The cylinder measurement electronics differ significantly
from the above by operating from fixed +/- 35 Volt supplies
rather than from floating power supplies. This limits the
dynamic range of the cylinder measurement to about +/- 33 Volts.
These four sensor measurements are called V1 thru V4 and are
available to be digitized by both the MAIN and the BURST computer

systems (see the digital electronics below).

Sensor Differencing
The main measurement of the electric field is the difference
in voltage between the two spheres and the two cylinders. By
convention, the voltage difference between V1 and V2 is called

Vi2 and the difference between V3 and V4 is V34,

Difference Amplification
While a "times 50" amplifier is available to any qunatity on
the MAIN multiplexor, backup "times 50" amplifiers are provided
for V12 and V34. These signals are called V12H and V34H on the

MAIN multiplexor.




Differencing Trims

The difference measurements V12 and V34 are trimmable by
the operation of a pair of DAC's so that offsets which occur as
the result of radiation damage may be adjusted so the measurement
stays in the range of the high gain amplifier (see the A/D
section below). To adjust these trims use the following
commands:

.VTRIM n xx
where n is 1 for V12 trim, and 2 for the V34 trim,

and xx is a 2's complement 8-bit value (+127 to -128).

Band Filters

The V12 signal is fed into a bank of 3 bandpass filters with
center frequencies at 32, 256 and 2048 Hz. The filters are
called F1, F2 and F3 and are connected to the main multiplexor
only.

Each of these bank filters consists of a 2-pole bandpass
function followed by a logarithmic amplifier, a full wave
rectifier and an integrator. The overall response of the filter
bank constant in the frequency range from 32 to 2048 Hz; i.e.
the filter band widths are made sufficiently large that there is
no loss of signal with frequencies between the center frequencies
of the filters. The result of this is to provide for each of the
frequency ranges a voltage which is proportional to the logarithm

of the power in that frequency range.

Magnetic Field Measurements
The fluxgate magnetometer interface converts the +/- 10 Volt

signal from the Shonstedt unit into +/- 5 Volts for the A/D
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circuitry of the Langmuir Probe. At the same time, these signals
are rolled off at 6 Hz for the MAIN telemetry sampling systenm.
The additional capability is that of amplifying the BY
signal from the magnetometer by a factor of 6. BY is in the
spacecraft Z axis and may at times be very small. To select this

amplification, use the command

.BMODE x
where x = 1 turns ON the amplification
and x = 0 turns OFF the amplifier.

The instrument defaults to OFF (BY not amplified).
Filtering Electronics

There are two basic types of anti-aliasing filters used by
the Langmuir Probe instrument, fixed and variable. The fixed
filters are used on nearly all quantities which are fed into the
MAIN analog multiplexor since the sample frequencies are pretty
much dictated by the telemetry capabilities.

The variable filters are used for quantities which are fed
into the BURST computer system. Since the Burst system can vary
its sample frequency from 10 Hz to 62500 Hz, the completely
general anti-aliasing filter should optimally be tunable from 5
to 31250 Hz. Using knowledge about what was reasonable to expect
for sampling frequencies for each quantity, the filters were set

as shown in the table below.

To set the value of a given filter, use the command as follows:
+.FILTER n xX

where n is the filter number (1 thru 7) and "xx" is a value

11




between 1 and 255. The value 1 provides the maximum rolloff
while 255 opens the low pass filter to its maximum value.
Note: Do not use a filter value of 0! The filters do not work

when programmed with 0. The output simply saturates.

Table 2. Programmable Filter Response Characteristics

FILTER SIGNAL BURST NAME MAX (255) MIN(1)
1. V12/RI1 AC BV12AC 11.5 KHZ 45 HZ
2. VS2/RI2 BV2 11.5 45
3. V12/RI1 BV12 25.5 98
4. DIRECT AC BDIRECT 11.5 45
5. VS§l/-SC BV1SC 15.0 59
6. V34 BV34 18.0 70
Uic V34 AC BV34AC 12.0 47

Filters corresponding to Burst multiplexor quantities and the

names on the block diagram.

12




Multiplexing
In order to maximize capabilities of the instrument using
only 7 filters, a number of multiplexors were added to provide
options as to which value should be filtered and then sampled.
These multiplexors are responsible for some quantity names to
have a "/" in them. For example, the quantity "V1/Sc" is either
V1l or SC (Search Coil) depending upon the setting of multiplexor

3. To set these multiplexors, use the command as follows:

.MUX n x

where n is the multiplexor (0 thru 3) and x is the value.

Table 3. Multiplexor Settings

MUX QTY x=0 x=1 xX=2 xX=3
0 Vi2/RI1 RI1 V12

1 V2/RI2 RI2 \')

2 KAGC V2/RI2 Vi2/RI1  SC V34
3 vVi/sc ScC V1l

Note:

1. The multiplexor setting is available in the DSC data.
2. MUX 0 and MUX 1 are operated when changing from the Voltage to

the Current mode and vice versa. (See Mode Switching.)

13




Relay Control
A number of the options of the sensor measurement and
control electronics are implemented using relays as the switching
elements. These switches are shown on the instrument block

diagram. To set or reset relay number "n", use the command
.SET n or .RESET n

It is important to note:
1. Relays 0 and 1 are used to "steer" current for setting
and resetting other relays, so their state may change when

operating other relays.

2. Relays o0, 1, 7, 8, 9, 16, 18 and 19 are changed by the
switching from the Voltage to the Current mode or vice

versa. See Mode Switching.
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Sensor Bias Electronics

An important capability of the instrument is that of
applying bias currents to the sensors. The impedance between the
sensor and the plasma is a non-linear function of the current
flowing between them and it exhibits a minimum at a value of bias
current which depends upon the plasma conditions. Thus, the
accuracy of the electric field instrument can be maximized by
applying the optimum value of bias current to the sensor.

The analog circuitry which accomplishes sensor, stub and
guard biasing consists of eight 8-bit DACs which produce a
bipolar effect upon the eight biasing circuits (2 spheres, 2
guards, 2 stubs and 2 cylinders). The value of the sensor bias
currents are set either by ground command or by on-board
algorithms.

The sensor bias voltages are connected to the sensors
through 100 MegaOhm resistors.~ Ground commanded relays can be
operated to remove the biasing capability for the cylinders only.
The spheres are always biased when in the voltage mode.

To set any of these DAC's, use the appropriate command:

.BIAS n xx

.STUB m xX

.GUARD m xx
where n is the sensor number (1 thru 4),

m is the sphere number (1 or 2),
and xx is a 2's complement 8~bit value (+127 to -128).

The voltages output are shown in Table 4.

15




DAC +127 GAIN OFFSET
BIAS1 =35.31 35.50 .2777 .2345
BIAS2 -35.24 35.55 .2776 .2960
BIAS3 -35.23 35.45 .2772 .2515
BIAS4 -35.19 35.58 .2776 .3360
STUB1 - 1.21 1.25 .0096 .0210
STUB2 -1.23 1.22 .0096 -.0030
GUARD1 =35.20 35.41 .2769 .2415
GUARD2 -35.33 35.47 .2776 .2075

Analog to Digital Conversion

Selected potential difference measurements as well as analog
outputs of filter banks, the potentials of each sensor, and other
analog quantities such as boom lengths, motor currents, etc. are
fed through two multiplexors, one for telemetry sampling by the
MAIN computer and one for high rate sampling by the BURST
computer.

Each multiplexor is followed by a pair of op amp circuits,
one with unity gain and the other with a gain of about 50. The
outputs of these circuits are then fed into a final multiplexor
with which the processor can select one signal for digitization.
The gain decision for the MAIN computer is performed in software
by actually digitizing the low gain value and then re-digitizing
either the high or low gain value. On the BURST computer systenm,
the gain decision is made automatically by comparators whose
outputs drive the last multiplexor.

The output of these final multiplexors go to fast 12-bit A/D
converters, one for each computer systen.

The computed gain of the "times 50" amplifiers is 51.12 and

-49.75 for the MAIN and BURST systems, respectively.
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1.4 Digital Electronics
General

The instrument digital section consists of two
microprocessor systems arranged in a master-slave relationship.
The master processor, called the MAIN processor, is responsible
for most of the mission operations, namely telemetry formatting,
command reception and execution, sensing burst conditions, boom
deployment, current sweeps and other control items. The slave
microprocessor, called the BURST, is responsible for high
frequency data sampling and storage.

The MAIN system consists of a SANDIA 3000 microprocessor
which is a radiation tolerant version of the Intel 8085 only in
CMOS. On the system buss is 8K bytes of ROM and 4K of RAM, plus
a host of input and output ports, of course.

The BURST system also uses a SANDIA 3000 processor but has
only half the amounts of ROM and RAM in which to store programs;
i.e. 4K bytes of ROM and 2K of RAM. In addition to the normal
RAM, the BURST system includes a memory unit of 192K bytes used
for storing bursts of digitizations which it later plays back to

the MAIN system on request.
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Mode Control
The Main computer controls the mode of the spherical sensors
in two ways, either automatically or manually. The mode of these
sensors appears in the Fast Digital Monitor data.
The executive will automatically switch modes back and forth

at programmable time intervals (measured in the number of

spacecraft rotations). These intervals are selected using the
command:
.EMODE n m

This instructs the instrument to operate for 2**(n-1) spins
of the current mode and 2**(m-1) spins of the voltage mode. If
either n or m is zero, the corresponding mode is not used. If n =
m = 0, mode switching is disabled. For example, to select
voltage mode only use ".EMODE 0 1" . The default is ".EMODE 7 7"
which means the instrument will flip modes every 64 spins (32
minutes) .

The executive changes the modes only at the beginning of a
spin period, phased with the spin-fitting software so that no
data is lost. The first mode change occurs at the first spin
period boundary following the EMODE command entry.

Two vestigial commands worth noting are as follows:

.VMODE selects the Voltage mode and
. IMODE selects the Current mode.

As soon as these commands are entered, the instrument will
flip all the necessary relays and multiplexors in order to
configure itself for that mode. However, these commands control
neither the current mode sawtooth nor the spin-fit calculations

(both of these ARE controlled in the automatic mode). Hence, if
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you ask for the IMODE, you should also enable the sawtooth using
SAW commands. And if you ask for the VMODE, you probably will
want to enable the spin-ftting.

The MAIN computer can configure the instrument such that the
health of nearly all of the sensor electronics can be determined.
This automatic test sequence can be invoked using either the
".TEST" or ".CALIBRATE" commands. The sequencer begins at the
start of a telemetry major cycle (every 32 seconds) and lasts
about a minute. Simultaneous measurements of V1 thru V4, their
voltage differences, the BIASing circuitry and so forth are
recorded by both the MAIN and the BURST circuitry. The TEST
sequence requires about 1 minute, including the BURST playback
time.

Telemetry Processing

The MAIN computer processes telemetry for both the Langmuir
Probe/Electric Field part of the instrument and the Fluxgate
Magnetometer part. Hence, there are two separate and independent
telemetry formats, one for each function, which share the total
telemetry allotment from the spacecraft. These formats are
detailed in Figures 2 through 6 in the software chapter and are
further described below.

L-Probe/E-Field (LPEF) Formatting. The LPEF part of the
telemetry is a table driven (and therefor programmable) format.
Two tables, called HX and LX, define the High Rate and Low Rate
sampling profile, respectively. The HX table defines 16 channels
through which any quantity available to the MAIN processor can be

sampled at 4 Hz. Similarly, the LX table defines 32 channels

19




through which any quantity can be sampled at 1 Hz.
The MAIN computer manages 16 16-byte formatting tables in

memory, 10 in ROM and 6 in RAM.

The ten ROM formats are
numbered 0 thru 9, while the six RAM formats start at 10. (Of the

10 ROM formats designed into the software, only 3 were actually

filled, namely 0, 1 and 2.) To select which format tables to
use, there are three commands:

.FORMAT n m

. VFMT nm

. IFMT nmnm

where n is the table to use for the HX list and m is the table
for the LX list. FORMAT says that the list is to be used in both

Voltage and Current modes. VFMT says the list is to be used ONLY
in the Voltage mode, and IFMT says the list is to be used ONLY in
the Current mode. These provide the capacity to have different
sampling formats for different modes.

The six RAM lists are located in a continuous section of
memory which is 64 bytes 1long. To load a format one uses the
"INDEX n" command which selects location n (0 < n < 64) and "QTY

q" which describes what to sample.

For example, to load format

11 with alternating V1 and V2F samples:

.INDEX 16

.QTY
.QTY
«.QTY
.QTY
.QTY
.QTY

. QTY
.QTY

V1
V2F
V1
V2F
V1
V2F

Vi
V2F
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Each channel descriptor "q" can be either a MAIN multiplexor
quantity or what we call a RAM quantity. To select a multiplexor
value, simply name the quantity, such as "V1" or "V2F" above.

RAM quantities are simply values taken from the memory of
the MAIN computer systemn. These are of interest mainly for
diagnostic purposes when it is important to have a high bandwidth
of information regarding some variables in the computer memory.
Since there is a lot of RAM and only 6-bits of possible
indexation, the RAM quantities use a programmable 16-bit base
address called RAMBASE. The 6-bits are added to RAMBASE to
produce an effective address from which 13-bits are retrieved

(low byte first then 5-bits of the high byte).

MAIN MEMORY

RAMBASE-->!

e s VRO

--------- !
fnm
——tm————— !
!

m+1l

62
63

To select a RAM quantity 0 thru 63, use the for ".QTY RAM+n". To
set the value of RAMBASE, use the command

+RAMBASE n
(This allows 1l1-bit values to be loaded into RAMBASE. For other

values, use the .LOAD facility).
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Finally, quantity descriptors include one bit which, if enabled,
allows playbacks to preempt them. To indicate that playbacks may

preempt the channel, add "PE" to the command. For example,

.QTY V1 PE
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Sawtooth Generation. In the Current mode, the MAIN
computer's SAWTOOTH module is enabled by the executive program to
generate linear sweeps on the sphere BIAS voltages.

Playbacks. There are two basic types of playbacks, those
from the MAIN and those from the BURST. MAIN transmissions always
take priority over BURST playbacks since the latter take much
longer. One bit, called the "MAIN/BURST XMIT" bit, is used to
distinguish between these two in the telemetry stream.

While decoding playback telemetry, one must watch for
transitions between the states of this "MAIN/BURST XMIT" bit.
For example, if the BURST is playing back, one must switch to a
MAIN playback if the MAIN/BURST XMIT bit goes to a 1 (MAIN).

If the "MAIN/BURST XMIT" bit starts out as 1, the lower
priority BURST transmission will not override it and will follow

immediately after the MAIN playback finishes.

Command Reception
The chief command capabilities of the instrument are
implemented via the serial digital commands. Each command is a
16-bit value which is shifted into the instrument using a
standard CLOCK, DATA, and STROBE protocol (see the CRRES-225
document) . Each command interrupts the MAIN processor which
either executes it or passes it to the BURST processor for

interpretation.

Hex Digit Commands. The command capabilities while in orbit
are incredibly limited compared to those available through the
Ground Support Equipment.

Commands are uplinked to the spacecraft in what is called a
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"command pass", which ranges from a few minutes to hours in
duration. Prior to a command pass is a command planning meeting
in which all command sets are determined. These command sets are
relayed to the specific ground station (worldwide) which will be
in contact with the spacecraft. Voice communication is used
between the Sunnyvale operation and the ground station in order
to invoke specific command sets as needed.

The primary limitation with the system is that one cannot
send an arbitrary command to an instrument in real-time. (One
could concieve a plan in which one sent all permutations of 16-
bits to the ground station, but there is a 1000 command limit per
instrument.) To get around this problem, seventeen "hex-digit"
commands were incorporated into the instrument. These commands
are simply the digits plus an "enter" command. To send any 16-
bit command, one must convert the command bits into a series of
hex digit commands. The on-board microprocessor will act on a
string of digit commands just as if it had received the standard
serial input command.

For example, to enter the 16-bit command '5678' one would
send the following sequence of hex digit commands:

DIGIT 5

DIGIT 6

DIGIT 7

DIGIT 8

ENTER

This method is obviously slow (as many as five commands will
have to be sent instead of one), and error prone (five times the

error rate of one), but it is the only way to do real-time

commanding given the design of the ground stations we must use.
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Burst Sampling Formats

Just as there are 16 sampling formats available to the MAIN
processor, 16 have been implemented in the BURST system. As in
the MAIN, 10 formats (0 thru 9) are located in ROM and therefor
cannot change. The remaining six sample formats (A thru F) are
programmable on the fly. But unlike the MAIN, the BURST system
provides sampling formats of varying length. They can have as
few as zero and as many as 64 quantities. (Note: The total number
of quantities in the 6 RAM lists is limited to 64.)

The procedure for requesting a sampling list involves two
separate operations, that of 1) list selection and 2) list
definition. To select a format to be sampled, one uses the
command "BFMT n", where n is 0 thru 9 for the ROM formats and 10
thru 15 for the RAM formats.

To define a RAM list, first select the 1list you want to
define and then enter the sample series Q1..Qn using the "BQTY qg"
command as follows:

BFMT £

BQTY ql

BQTY g2

BQTY g3

éQTY qan

The format number "f" must be in the range 10 thru 15
decimal in order for anything to change. (You can't change ROM,
of course).

Once defined, sample formats may be selected at will by
using the BFMT command; i.e. you don't have to re-define the RAM
list each time you use it. You can switch around between the

different ROM and RAM formats as conditions may warant.
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Upon reset, the BURST cpu defines the RAM formats by copying

an area of its ROM over into the RAM 1lists. This provides for

the immediate use of all 16 formats by the user from the start.

These formats are given in table 5.

Table 5.

6-F.

Burst Default Sampling Formats

QTY LIST DESIRED FREQUENCY

V12/RI1

V12/RI1
V1/SC

V12/RI1
V34

V12/RI1
V34
v1/sc

V12/RI1
V34

BX

BY

BZ

BZ

BX

BY

V3

V4

V34
V34 AC
V1isc

V12/RI1 AC

V2
V1
V12/RI1
DIRECT
AGCU
GUARD
STUB

[EMPTY]

30 KHzZ

20 KH2Z

120 HZ
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Burst Sample Frequency Control

The BURST computer is capable of sampling a 1list of
quantities at a number of frequencies up to 60 KHz. These
frequencies are listed in the Table below. It is important to
observe that the frequency is for the whole list, not individual
quantities, and thus the size of the sample list defines the
maximum frequency at which it can be sampled.

The command which set the BURST sample frequency is

BFREQ £
where f is a frequency code from 0 to 15. (See the table below
for the equivalent frequency.) If a frequency is requested
which is greater than the maximum for a given 1list, the BURST
processor will sample the list at the highest frequency possible
for that 1list. Thus "BFREQ 15" always guarantees that a list
will be sampled at the very highest sample frequency possible.

Burst playbacks always contain the ACTUAL frequency code of
the playback data, not what was commanded. Thus, there can be no
confusion over the sample frequency of playback data.

The frequency code is independent of the sampling lists so
that one does not need to re-command the frequency when one
changes lists. Also, the frequency code is not modified by the
BURST cpu even when it describes a frequency which is impossible
for a given list. Thus, one can set the frequency either before
or after one defines or selects the sample list without fear that

these other commands may effect the frequency.
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CODE FREQUENCY (Hz) QTY LIMIT
15 62,500 1
14 62,500 1
13 31,250 2
12 20,833 3
ol 15,625 4
10 10,417 6

9 6,250 10
8 3,125 20
7 2,000 30
6 1,000 60
5 500 64
4 200 64
3 100 64
2 50 64
1 20 64
0 10 64
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2. Software

This chapter describes the software for both the Langmuir
Probe Instrument (AFGL-701-14) and the Fluxgate Magnetometer
(AFGL-701-13). This is such a large task that it requires its
own chapter, one that is separate from the scientific and
hardware oriented descriptions of the instrument. At the same
time it would be unwise to clutter these other descriptions with
the particulars of the instrument's inner mechanisms.

Both the MAIN computer and the BURST computer programs are
modularized according to the best description of their function.
For example, the electric field module (ELE.A) handles all E-
Field/Langmuir telemetry formatting and commands dealing with
that part of the instrument. The magnetometer data formatting
and commands are handled by the MAG.A module, etc. Table 7
provides a list of the modules in the system. The balance of the

chapter describes the detail for each module.
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Table 7. MAIN and BURST software modules

MAIN Major Function

EXEC.A Executive Program

I0.A Input/Output Module

BKG.A Background Processing Manager
ELE.A Electric Field/Langmuir Probe Manager
MAG.A Magnetic Field Manager
UTIL.A Small Utilities

DEP.A Deployment Manager

PLA.A Plasma (Low Energy) Instrument Manager
LD.A Program Load Manager

BUR.A BURST Triggering Manager
SWP.A Bias Sweep Manager

FIT.A Spin Fitting Manager

SPIN.A Spin Fit Calculator

MATRIX.A Matrix Solver

TRIG.A Trigonometric Functions

FFP.A Fast Floating Point Utility
BURST Major Function

BEXEC.A Executive Program

BIO.A Input/Output Module

BCMP.A Burst Microcode Compiler
BSMP.A Sampling Control Module
BFMT.A Format Manager

BLD.A Program Loading Manager
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2.1 Main Executive Module

The executive module is responsible for coordinating the
activities of the Main computer system and its slave, the Burst
system. It forms the "foreground" part of the instrument, that
part in which non-real-time calculations such as spin-fits can be
done. While instrument "autonomic" functions like sampling and
telemetry formatting proceed in the 'background" under
interrupts, the foreground is free for data analysis, mode

switching decisions, ground locaded programs, etc.

The EXEC module is responsible for the following functions:
1) Defining the instrument initial state;
2) Controlling the instrument mode switching (Langmuir Probe
versus E-Field versus CALIBRATE) ;
3) Coordinating the mode switching with on-orbit spin
fitting and bias sweeps;

4) Running ground loaded programs.

The MAIN module has the following entry points :

EXEINIT Jumped to when the processor is reset.

EXEANG Called when the background has changed the sun angle.
On Entry: [A] = new sun angle.

EXEDSC Called when the Digital Subcom wants a status word from
the EXEC module. On Entry: [A] is the index into the
status word requested. On exit, [A] contains the

status byte.

INITIALIZATION / EXECUTIVE LOOP. The module 1) clears the

RAM, 2) initializes all of the modules it controls, 3) sends in a
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command sequence to define the initial instrument state, 4)
resets the "EXEVECT" to null and 5) begins the MAIN executive
loop. In this loop, it checks to see if the executive vector has
been armed, and executes the vector is so. This allows ground
loaded programs to gain control of the foreground (otherwise
programs run 1 interrupt deep). The executive loop mainly just
calls three routines to share the CPU between the spin fitting
(FITEXEC), the bias sweeping (SWPEXEC) and the mode decision

(DECMODE) .

A technique is used in this executive loop to lower the
power of the system by 1) halting the processor when it is not
being used and 2) by stopping in RAM not ROM. This latter part
works because the ROMS are turned ON only when they are
addressed, so to turn them OFF, one simply has to stop the CPU in

the RAM.

MODE DETERMINATION. The executive mode switching is
controlled by two 16 bit counters called VTIME and ITIME and a 16
bit register called MODTIM. VTIME and ITIME are the number of
spins in which the instrument should be in either the Voltage or
the Current mode. MODTIM is the count remaining in the present

mode.

The EMODE command simply loads VTIME and ITIME with the
2**N-1 calculations (as described in the LP.DOC). It also sets
MODTIM to 1 so that the mode will switch in the next spin period.
If one chooses to operate the instrument with other timing, one

merely has to load values for VTIME and ITIME using the loader
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commands.

Mode switching is performed by a combination of the EXEANG
and DECMODE routines. The EXEANG routine compares the current
sun angle reported by the background to the angle at which the
mode can be switched (CHGANG). This mode-change-angle is
initially set to the beginning of V12 spin fits less 11 degrees,
or 1/2 the period between fit samples. When the sun angle equals
the selected angle, MODTIM is decremented. DECMODE simply checks
for MODTIM == 0 to decide to change the mode. (Note: EXEANG runs
in the background and DECMODE in the foreground. Since spin fits
and bias sweeps are occurring in the foreground, one cannot be

sure to "see" every spin angle from the foreground.)

CALIBRATE SEQUENCING. The TEST/CALIBRATE command is
implemented by sending in a series of commands just 1like the
initializing sequence. The CALSEQ is the list of commands which
implement the test mode. Delay timing is implemented using a
modified CALIBRATE command (91xx instead of 90xx). The delay
routine "SYNCWT" implements this command which simply waits until
the minor frame matches the data portion of the command. By
inserting these "SYNC" commands in the CALSEQ, one can set the

timing of the events.
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2.2 Background Management

The Main Computer system cpu time is subdivided into the
standard foreground/background processing profile. Management of
the background (interrupts) is accomplished in a single module
which organizes and further subdivides cpu time between the

several modules which operate in the background.

The major functions of background management are 1in
telemetry formatting, command reception, time and sun angle
determination. Other functions include cycling the Kelley
AutoGain circuit, and sampling instrument temperatures for the
digital subcom. The background manager calls each of its modules
when its time for them to sample some data or to telemeter some
data.

The timing requirements implemented by the module are in
Table 8. The sampling schedule is defined in Figure 1, and the

real-time telemetry formats are given in Figures 2 through 4.

Table 8. Module Sampling Frequencies

Frequency Action

16 Hz : Sampling of BX,BY,B2Z

32 Hz ¢ Sampling of LEPA

32 Hz : Sampling for burst Triggering

64 Hz : High Rate Electric Field (HX)

32 Hz : Low Rate Electric Field (LX)

64 Hz ¢ Sawtooth Generator for Langmuir Mode
64 Hz : Command Execution

64 Hz ¢ Sun Angle Phase Lock Loop

8 Hz ¢ Deployment

34




B 4

- . MO

$memm-

@ eme demmiic fomemofe mmimdme e sy mne cfemmead ot camdae me cdemmng.
|

IR

Blgs &
AUTL =
Fa =

Figure 1.

T DR R T
¢ = DY KRR T
oo o .o ° T - ’
[y W kY S'N'P' P [
0o |8 oo domeame 4o~- R
Foeoe CRE UCKE UMY UIHF Ul T3y

Sk -1

TTMURE.

rme cprcammge mee pom e de me me e e pa. - NoSoeo Foeamegosmn

POUOTAR SR U TiM O LR Wy fur LY Sar

LA .
Y OHR) GHE e
e o U SR :
Fos ! DD o' opomM b CRO
40N TELEMEIS: SorSLTNG FORMAT
TES: b ® LIS TRAKE VD LG RADE N TELEMETFY 0L E3
Tz LFET0 LDaw teE GUIFUT SRIFT RERISTERT Ip EieefaiiQy ¢
g -
St e

THMAND Fisly 0 CakTy

FELLEY AUTC 221Y CIRCLET UPDATE © DeboiyMENT THETL NG

S RGaETCNETER GATE SaMPLzY TORIEN enD o bVeLiRTED

= HosHETHETER TELEMETA - ENTODING PERFCRMEL

SUTEFR SAMFLTER FISFOSYED (RST1GRIURD Sn00RemiBLE “TITORS

Synchronous Sampling Format

cfrmemectocreempom. .

IR

Coiai gk

4rcacaloccaay

ot GE UCR/34T SHe

S Y
LGt SF TCOIST SHE
- mcan LTI P SN

EH R LR At A L

cbasanme cmenad wmeaga. .o (86000 o cooo S0 S G006 085 N BB o ¢ BInOO0 50 SOTI00 Coo .
b EEE U DB RUR G S OSUN G SEF ICTTNE GHF
______ : ps. - A

d0T= SEde P TION

TeReERATURE BOM! TuRs

perFELE S

§IEUMEN)

T s el




T

¥INOR
FRR¥E

MINOR
FR?HE

........................................................................................

Figure 2. General Telemetry Format

b ; 10 1 14 s
Py TORYD O ODSCO T MARO 1 MeG:
(P PDDS SO0 LETE EX RS L brecce—e- drmmmmm e dmme +
Copyy CORGT t MRGD ! WAGD ! MAGE
&) 50 6 OEOOE TEOTs 6 6 o SEEE B 5Hl 5 TootE = &) &0 GEEae0 $ommcmean 4
POHES t g b HXE 1 MRS | MAGe ! MABT ¢
$ecmecceofoncccctifemctonncfemcce —tiecem—cese-e-e=e= +
ropg COWT ' BASR ' LAGY ' HAGLG !
pommmmm——e Hooce oo pomemmeme L RS Iy lacemne==
' GRING ¢ FEM
oo mememm R +
vl
T dommmmeon +
TR
o tedl g K35
' LYF 8 ¢ 8= GSINS FOR (30§D LA3

7 i 1 14 i)

#momm ccccfomcccmeodeaonn.

' GRING ! SRR
L it EEEEEEPY
o [ !
demcaian- $rmmmmma
TOLRs Y L !
D Rt +
J L£~ I § . t = DAINS FOS L3S T0 L

& g I¢ il 14 15
Vg bW bopsti tomasze ! MREDS
4o immamn ECESC ST QOISO OO @ S20=0000 PO SO0 OOODOS0 S +
'OHi? PORYD HAS’# MABZS ' MabZe !
$omemoeen L ommmmcam $occmmcccfeccncaes pomcacncn ¢
'OHX4 ! B} R H~u27 ©OMABTZ ' MARZS
pommmm— e P e O R T e e +
ol GhGeE POHKT ! MAB0 T MAETY ! MRGI2
femcamana trmccccas gomrrar e’ canacee = cananaa. ecmcneee
L GAINS " FE !
LR LI pomrmm——e= &
0 [UE) J
R i Dt 4
R A ¥ {1
T O LT Ty +
Yo LI 1 : t = GAINS FJR LY3 TO LY1l

¢ 7 10 i1 14 15
g 0 HY9  © EIP 0 MAB33 ¢ MAGIA
4ommmmeen R dommemee e R dommooooo
N N ) R 'OHXID ' MAGIS ! MABIL ! MAGIT !
pmmmc 4o—omooen L 4ommmmee e P +
'ORY(2 ! YOHEIS ' MAGIE ' MABIY ' MABAG !
S e A S S R e +
L $E I 'OHXIS ' MAGAL ' MRGA2 ' MAGAD
S rei e i = domcmoncs= fomcc cnma Yoo Sooso0 £ oomoconos L
' GAING ' &FR ¢
L R +
T8l i
b boommeeen +
USSP RO D
domesonnn pomennan '
o K3 a8 ; = GAINT FOR L2128 T2 LI32

NOTES: '
1y 12-B17 uUwh'llY FalreainNeg i
ey o T -
[}
LEATT Sis.  K3ZT Sie,
BIiS OF X0  BITS OF v
f51TaE 1UE TOM DS Dale ALTERNTES
WiTH Fliitomrec MeONETORFTER [eTh :
: ’h' UIE[ wloK N'77r 'FUH BII\
PLTEFSETE WITH SF5N 71T FEciii T (SFe
4 GAIN B 1E§ w~t &L CODET LEF F oKl
uF THE ¢ EuELIkJ N [raaT
. THE FInsT BRIN EF'E lS r\ FOL---\
Susel E.:SS'E«:GS:G::.’ i
Si KHin AND L¥r REFES TQ WICH AND L0W
FREDUENCY TELESET™Ry ChANELS !
THErE #RE Lo HISH FRECUENCY CHANNE Y
AN T LOW FREQUENTT CheNNZi S,
THE CUANTITY WHICH 1S SAMPLED IS
IS OETERMINED v THE VALUE i LuEREC
FONDING TrplE ERTRIES IN HCHSN ~kD
LOHWN (SEE DIGITAL SUSCOMI,
1
e FQM DEFlNc“ ~5 'FICL)SE wRERE
"P* oz Fim ¢ STAT 1=IN FROSFEDSH
o = TEQT/CnLlthTE 'l = IN FRUIFESS!
8L = r'iﬁf C[N' Tion {0iE |
H ) a
- SERSCHING
10 = LOLLECTING b
10 = MAIN/BURST TRENSMISSION <1=MAlN
“C* = RIAS SWETP IN FS2CRESE
£ = COMMeND COUNY ERRCR (1 = ERPOR [
"M o= YOLTPGE 7CURRENT HODE (1=CURSENT !
Ty BYF PRGVIDES TELEMETR¢ 0% ON-H0AFL
EYPERIMENTS, #0RMRT THED,
B) THE FOSRET OF FLUXORTE MACN{TONMETER
[ATA 15 DFTAILED iN » SEPAFSTE DG,
]
:
" UNIVERSITY OF CALIFORNIA, BEFKELEY
' SPACE SCIENCES LABORATORY '
yomemmemr - cemermcceceetcseeeeacceenaan +
" PROJECT: ATEL-Tul-14 '
' TITLE t LWNGMJIR PROBE INSTRUMENT
] SEC]xON' TELEMETRY FORMAT SFEC. y
; FILE : FNT.DNG [
-------------------------------------- ’
! DESIGNER: PETER HARVEY s
! DNYE g 2 4 JUN 1983 REV4: 15 AUG 8BS
' REV: s I7 JUL 1963  REVS: I SEP 85
' FEV2 + 1 AYC 1967 REVe: B AFF 86 '
' REYI ¢ 21 DEC 984 )
efecemcecmcoscen-ccccmcccrcncs o cremeana .




ccoam

i

4

8}

ML TN TEE

yncee
vJigaie E-

631730 —sRoMEMERT (isD

* rQRMAT
SeCand:

LS J0m EN L .
=8 et T S L. [ &
§ oY ‘ L, 1
..... - = - + cem 3 -
3l B! (5§ ' 20
. -- )
BT Y 2l [ !
-4 S SR o %
(1% N 412 :
-~
¢ : [
--- $-- —ee e e emeeaaa
S s 25
..... - A .
B AT RS
il BN S .. I
r 0N | N
E R Sy - - - - ’ - -
a1
-- -t
£
i3
[
IO, oL, RIOL Jo Bl Vel uES GNLy c1l-BiT
- T .
BHITH ARE “liik AT THE
. -
~Me TIME AC THE EX(-R20 ELT,

THE FORMaT T07ALS

VRIS 4

e T NETE

EACH 12-B1T vaLue

TMESEFDRE OF
ESFOND 1O

Figure 3 Fluxgate M1gnetometer Telemetry Format

.....................

3048 10 2047,
CORFZS~OND 10 = -

$ AUTD-DnlN VALL
: (AFEROPEIATE 8
. \n, r i; ’al

N E18 FI8 B BY, BT (1IN SW
Cabep LEFT °0 RIGRT b
£BL:62: 831416516037

: A-517 MODE INFORMATION (,..vi

D NMEFD t=] MEANS

203 12-811 aGLUES. 800 1-Bl7 VALUES,
FLJS 4 nic B1TS,
3 752 B178 3¢ 44 BYIES.

I§ 1N 2°C COMELENENT FOR™ HAVING o 2NG
'“( lfH BAIN 10-BIT vALUES
‘ _40 ¢ AND THE MITH Bolh WALY

CLijtBaTE FﬂbhETUHt‘L‘ FORMAT
FrRYSITHL CRRLNGENENT 1/7 3

DN T THR
-------- ¢ LGRSO o0 O 0
! 80 : :
Voo .
----- $m- e
. o d Y Bl
ceaa- D et |
A U R 71
e eme-¢ veccec oy
: R ; 9 H
e L +
1 AU D 4
4o commeny
il ) B
CE s e o -4
1 !
OSSN +
w1
|
14 ni]
= =t Sl
1 . '

1S AMFLITIED -+ TIMES

3
JES

ol
vrn.n

FROJECT:
HTLE
; SECTIGH:
e
! NAME ¢
' DATE

SELOAD)

pSSLIN ST R Y TRRRY ' '
R ) eomeeemd
2% R T 1 [
L 4enccmn,
7o OB -~ SRR L +: !
GRSC 200 SO o8 ooog AR
A v R : '
$omma e + U
1% . '
e 4
Wom
R ’ |
L '
pomeeccan + U
/) Mol l !
oo mmmm + '
1 =K [ '
by K2
trermmcnae t
b OREa d
e =2 e 4 [
] I
L ¢ !
WooBvE ! '
oo oot . y
aOF R ;
4eremmmncy '
36 4 !
emecmeeo oy
37 oM '
i amme .o ¢ 1
2 W ;
L et | !
¥ : :
CCoooos -4 0

ST/ OF LHLlFORNIn. BERVELEY
LieNCES LARCRATCF

AFBL-791-14 !
: LANEMULR PROBE INSTRUBENT !
FLUYOATE MAGNETOM:TER FORMAT!
JERSION 2




]
1
' Mi%CS MINOR
' FRINE DSC HEX  QUANTITY FRAME  DSC  HEX  QUANTITY
58 5860tp0 o0l SOB00EOOEB0 0 Bus arsSBEED SuE Sena CEEEOSEOEa i $omemme poecen- L R .
: L U HHJ[P fFAP- .JUHI (M2D 8=0: : o v b4 Y 40 ' PMAJOR FRAME COUNT (MDD B=4) !
C I i e {0} 3 to2 Y 65 ' 41 ' BIAS | g
! N L PLPAN 1) ! o4ty ' 42 ' BIAS 2 !
S 5 IHERANITAY ! tog ' b7 ' 43 ! BIAS 3 g
'8 6 v § U RCHAMD T) A '8 ' 68 ' 44 ' BIAS 4 )
Vogeoroe ot 5 0 HEHARY 4! ! Poie ' &9 ' 45 ! STUR | :
e Oy o ! HCOHRN( S) ) P or 70 46 ¢ STUB 2 !
' T T HTEN( 4 ; 14 0 70 ' 47 ' GUARD | i
; Yo1b g '8 v HCHAHY 7o Pofs 7T Y 4B ' GUARD 2
! 'o1g g ot R bV HLCHANT 3¢ ! 18 0 73 ! 49 ' FILTER ! !
il P00 A U HEKAN( 5 H v 0t 74 Y 44 ' FILTER 2 :
C bOZY U E U TSN : '22 00 75 Y &R ' FILTER 3 ;
! 24 12 0 KOBeNTID C28 ¢ 76 ! ab bt FILTER 4 !
: b 0 D v AChANILDY ; Y 770 40 ' FILTER S J
0 B £ HC=afi (130 ; V23 ¢ 78t A ' FLLTER 6
0 UL - WOHAN 1) i S0l iy el R EETHATERE :
' b s 1t KAJOR FRAME Liun (LITER : Pt gy b 50 Y MEJOR FRAHE COLKT vM0D &-% ;
- B 4l LA : ooz v EL Y 91 Y FILIER M 0
S AR LEmRYN . ] 'ooa b 82 ¢t 52 ' RELAY cTATUq ] i
I o LLApk: ) ] o b 83 b 8% ! RELAY STATUS ¢ !
[ U e T LTHAR D &% U 83 ' 34 ' RELAY STATUS 2 !
HoO ek 19 Dokl T ! 1G4 85 ¢+ 55 ' SFHERE SWEEP OPTIGNS :
YN Ar 0% LOHAN: 4t 0 o5z ¢4 8e ' 56 ! SPHERE SWEEP AKGLE :
SO LLHak L ) J bot4 b g7 v 57 ' GPHERE SKEEP ALGURITHNM :
e 0 28 012 v LOdAani & 0 vote tBE ! Th v SFNERE SWEET AL FNQIt Fiod g
{ 15 29 0 19 ' LRERN T L Pogotoge 0of6 ) CPHERE SKEEP RF ‘ !
! 20 Wk LREe B : P2 §6 0 Sa 0 SPHERE SREEP M H.E? B ]
L 2 B LCHANG © Polge 91 ' 5B - CYLINDER Sw:cr SPTIONS !
bod g it LoHRH 10 Vo4 v o§2 850 ' CYULINDER SWEEP AHGLE
&4 25 0D LCHAMiLL) 0 b2y 63 ' S50 ' CYLINDEF SWEEF ﬁLGDEVTH? !
Y Bo ¢ BB 0 LCMAKID: ! VB 38 v 3B Y CYLIWDER SWEEF w#LTeRas’t Elay
o0 2o 3R Y LTHANULD) ] SN0 95 v SF v IYUINDER SHREP htEJLI d
o520 20 v bRJOR FRedE CCunt FCE =D ] TV SE U &0V MLAOR FRARS TOUNT (MOD E=:i .
2 g0 2l LRGN LY : T8 b ey (L INRER SWEEFR K "E“LL" !
s TN LD LCHRNILS) L4 9g sl ! SAETOOTR GSFSET :
ok 18 2o LLtahi Lk ok %8 U ET b SAMTOOTH [ELTH d
= & o4 LoHpRiLTi VB b sa v SLRTOCTH FERIDD C
o B R N e ool dnet U £5 0 23kT02TH DIVIDER !
U 38 SHE LR e ol ol v dst BURST WMODE/FRED STATUR )
4 o o T : Vo el v 4% v BUPST TRIGGER MOQE i
es 4% 23 i ' COLE P gas v s BURET DELAY VIME O !
i af v g v qg g5 0 38 i RURST BELAT TIME 1 '
i 232 38 g CoZE Ve v th v DEFLOYMENT STATLR !
S eE Al : ] 197 1 ek EQQOr MICROSK]TCHES J
o4 44 0 U oL 08 0z U TURKS COUNT EOOM ) !
i i e ! ! 26 NS U 4D ' TUENS COUMT ROOM 2 ;
i N T S i PooitE DRI T s ¢ TUANS COINT LiNIT !
g AR U LLHAN [ 'oZh Yl U &8 U PLASMs MOPE REGISTES :
ooh 5 0 LV MRl FPvn- COUMT (MDD BT ) oy ob N2 0 70 0 MAIDR ‘FHH: CCUNT <NOD R=71% ‘
2 3 BN ARG [ 05 28 I 0 R 8 Gas SEC CLack F
DL B ) 32 LCHA' 304 8 o4 et 72 0 2,75 RadR CLOCK ¢
) £ 5 15Tt LCHANLSY ! oog US4 bev CLOCK !
: v 52 TA 1 RAMBASE FLINTER ! et Le Y 74 1 GOGD COMMAND CQUNT d
R [ A I 51 ] Vo v 17 Y 35 0 BAD COMMAND COouNy !
! )220 IR EXECUTIUE VERSION g Vogdo ot g ! 78 Y SUM ANBLE ¢ !
4 ' 55 ¢ 37 MDGE TiMING s e 0 3 i
{ Cole U561 & ' MODE CHANGL ANBLE : bty V120 v 78 ! SUN FERIOD 1 .
f 'oge &5 0 3% v EYECUTIVE SEARE O J U AR Ol ss Jegio) B0 l
! Colh v 58 v 36 Y EMECUTIVE SPARE 1 0 200 V22 Y TR U BODM LENGTH | :
vz b 59t TE ' EYECUTIVE SOARE : ! V22 U123 00 TR ' BOOK LENSTW 2 !
i gy bk v S0 ! EYECUTIVE SPRRE 3 : 4 124 ' 70 ' TEMPERRIURE 1 l
] Vo2 v gl v TE ot EXECHTIVE SPRFE & l Vo2 U128 Y Th v TEMPERATURE 2 !
b 200 W et S U iR l ' 29 1128 ' JE Y TEMPERATURE 3 !
C30 T ey 3F r vTRIM A i 030 T H27 ¢ 7r v TENPERATURE 4 i
! femecem pocmecn -, frmemcnmcccecec i cmecccamccececeta’  faciaa- temmcan demmcan fecceccccccccaccrccanaccaccaanacas’
]
.. e o — o R RN Sy = o =
o . , . t UNIYERS1Ti OF CALIFORNIA, BERKELEY
; MOTE: (1) INTICATES & 2-BYTE VALUT WHICH IS GiVEN LOW BYTE FIRST, i SPACE SCIENCES LASORATORY
i ' PROJECT: AFBL-T701-14
! ' TITLE » LANGMUIR PROBE INSTPUMENT
] ! SECTION: TELEMETRY FORMAT SPEC. "
i 0 DIGITAL SUBCOMMUTATIR FORMAT
e el S e P UL LA A=
: B JE§E§933PVEYREV 8 HEF
! 3: BAFR @
i Figure 4. Digital SubCommutator 38 'V REVI 2 31 SAN
! Telemetry Format ' REV2 : 24 AFR 19‘85 ]
PSP BT P fecccmmcacaaicnaccccsccananannaccsmnans 4




Theory of Operation
The background manager handles hardware interrupts from
instrument commands, major frames, word timing and the watchdog

circuit as described below:

WORD RATE INTERRUPTS. Every other word clock from the spacecraft
provides a Word Rate interrupt to the background manager. This
is used to update the instrument word count within the minor
frame. If it is an even interrupt, one of 64 routines will be
chosen depending upon the value of the count. If armed, the
background manager vectors to the address contained in BKGVECT on

all odd interrupts.

The BKG module has been impiemented in such a way as to keep
the telemetry formatting modules ignorant of the specific
telemetry format. Sampling calls and calls for data bytes are
done separately so that each sub-module, like ELE.A or MAG.A,
doesn't know where in the minor frame the data is going. ELE.A
and MAG.A only know how much data to produce per sample call. 1In
this way, changes to the telemetry format (for the next

instrument) should be simple.

The Digital SubCommutator (DSC) output is formatted in the
BKG module by the "DSC" routine. ©Using the 1list DSCTAB, this
routine calls in turn each of the many modules which report
status in the DSC data. Each module is handed an index in [A]
and returns a byte in [A] which goes into the telemetry. Each
module is therefore ignorant of the format of the DSC other than

that of its own data. No module knows where in the DSC its data
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appears.

Along with telemetry formatting and data sampling calls, the
word interrupts provide the basic timing for the sun angle phase
locked loop, command execution, sawtooth generation, calls to the
low energy plasma calculator, sampling of boom lengths and

temperature monitors, and Kelley gain circuit pulsing.

MAJOR FRAME INTERRUPTS. Every four seconds, the major frame
interrupt occurs. These interrupts used to synchronize the
telemetry word count with the spacecraft as well as to internally
synchronize the data sampling packages such as ELE and MAG. The

40-bit instrument clock is updated during the major frame

interrupts.
COMMAND INTERRUPTS. Command interrupts occur as soon as the
spacecraft command begins to shift into the instrument. The

software merely notes that a new command will be arriving soon.
The actual command processor is a routine which runs under the

word rate clock interrupt.

WATCH DOG INTERRUPT. The "watchdog" is a simple circuit which
counts major frames and is reset by a bit on one of the output
ports. If two major frames occur while the watchdog has not been
reset, the watchdog fires a TRAP type interrupt. Normal
processing of the telemetry includes periodic pulsing to the
reset line on the watchdog. A loss of this reset pulse means
that the software has crashed for some reason, so the background
manager simply resets the processor when this occurs.

There are several entry points for the background manager,
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most of which perform some utility function of the background.

These as described below:

CMDGO. This entry point, called by software restart 6, executes
a command in the [HL] registers as if the command just came from

the ground. This is used for internal module to module controls.

BKGFN(1). This call (software restart 4 with [A] = 1) is a batch
command processor which executes a list of commands terminated

with a OFFFFH command. On entry, [DE] address a list of commands.

BKGFN(2). Function 2 is a request of the command count status.
If the command count matches what it is supposed to match then a
zero is returned in the [A] register. If the command count is

incorrect, [A] is returned with 1.

BKGFN(3). Restart 4 with [A]=3 is a call to the STVECT routine.
If [HL] contain a non-zero address, the background vector BKGVECT
is set to [HL]. If [HL] is zero, BKGVECT is reset and disarmed.

As described above, the BKGVECT routine is called every odd word

interrupt (which is every 2 milliseconds).

BKGFN (4) . The fourth function on restart 4 is the STEXP
function. On entry, [HL] points to a data block of [DE] bytes.
The STEXP routine starts playing bytes from this block into the
EXP telemetry slot. (EXP is the undefined, EXPerimental output
which resulted from a decrease in the magnetometer telemetry

allocation.)
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INITIALIZATION. The BKGINIT entry enables the interrupts and
initializes variables internal to the module so that it works
correctly. Modules which are subordinate to the background
module are initialized so they too are guaranteed to work when

called upon.

The BKG module waits for the first major frame spike to enable
word interrupts so that the telemetry comes "up" in
synchronization. Depending upon when the instrument is turned
ON, this may take up to one major frame time to start processing
(4.096 seconds). During this time, commands will not be

recognized.

COMMAND EXECUTION. Commands are executed by vectoring through a
32 element table called CMDTAB using the upper 5 bits of the
command. Each command routine is executed with [HL] holding the
command bits as well as [A] redundantly holding the low 8 bits.
Command routines return carry if the command was BAD and no-carry
if the command was GOOD. The BKG module keeps 8-bit counters
GOODCNT and BADCNT of the commands which were so noted. If the
command table has no vector there (the address is 0), the BADCNT

is incremented.
9.

BACKGROUND COMMANDS. The module implements two types of
commands, namely, the "digit" and the "command count" commands.
Digit commands emulate a hexadecimal shift register having the
digits 0 thru F and an ENTER key. Digit commands shift a hex
register left one digit and add the new digit. The ENTER command

sends the contents of the register into the instrument as a new
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command. This is designed to be used with an o0ld command
capability of the Air Force facilities which could not readily
send arbitrary bit patterns to our instrument. Digit commands
would be used to create arbitrary bit patterns inside the

instrument.

Command-count commands are used to check for lost commands
within a long command series from the ground. The satellite
control facilities cannot check each command if they are grouped
in series. The "CMDS" command enters a count of the commands
which will be arriving in a block. This data is put into a
register called CMDCNT while GOODCNT and BADCNT are zeroed. When
the block of the expected length is finally entered, the Fast
Digital Monitor will report the result of BKGFN(2), which
compares the expected count to the good count. If a command is
missed (satellite uplink problems), the good count will be too

small and the Fast Digital status will report the error.
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Some of the BKG variables are described below:

ON-BOARD CLOCK. The BKG module maintains a 40 bit clock which
counts 0.5 milliseconds (2 KHz). This clock 1is defined as
follows:

"DAY24" "HR225" "“CYCLE" "FRAME" "WORD"

where w is the telemetry word within the minor frame,
m is the minor frame within the major,
J is the major frame count (internal),
c is the count of digital subcom cycles since reset,
h is the count of 2.25 hours since reset,
d is the count of 24 days since reset.
The clock is zeroed when the instrument is turned on and

overflows after approximately 17 years.

SPIN PERIOD. The module keeps a 16-bit value of the spin period
by counting the number of 16 millisecond pulses between sun
pulses. This yields a value which can describe spin periods of

up to 1024 seconds.

SUN-ANGLE. The BKG module keeps a 16-bit value of the angle
between the sun sensor and the sun. The low eight bits subdivide
a spin in 256 equal parts of 1.41 degrees each. The upper byte
can be used as an overflow byte which shows that the sun sensor
is not working (this occurs in shadow). The algorithm uses the
spin period value calculated above divided by 256 (with
remaindering) as a counter to decide when to step the sun angle.

Below 4.096 second spin periods, the division underflows and
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causes the sun angle to stay at zero.

For a 30 second spin, the sun angle is accurate to 1 part in
2000 or .05% . During shadow periods, however, this error will
accumulate since the sun pulse will not reset the angle. One
hour of shadow (120 spins) times an accumulated .05% error is
about .06 x 360 or 21.6 degrees (worst case). A typical error

value would be half of that, or 10.8 degrees.
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2.3 Electric Field Management

The ELE package manages the Electric Field/Langmuir Probe

part of instrument operations. The functions include sampling,

telemetry formatting and commanding the related sections of the

instrument. For this module there are the following entry points:

ELEINIT : This entry requires no parameters and initializes the

ELEFRAME:

ELESAMP

ELETELEM:

module for subsequent calls. The only thing this

entails is zeroing the electric field RAM area.

This entry tells the module the minor frame time. On
entry, [A] contains the 8-bit frame count. The module
uses this information to decide whether to output SFR
or FDM data, to synchronize the HX and LX 1list

pointers, etc.

The sample entry tells the module when to take one of
its analog samples. The ELE package requires 16 sample
calls per frame call. In addition, both the even calls
and the odd calls must be periodic; i.e. even-to-even

and odd-to-odd is a constant length of time.

The telemetry call requests the ELE package to give
some of its formatted data. On entry, the [A] register
contains 0 if 1 byte is requested, 1 if 2 bytes are
requested. Oon exit, the [L] register contains the
first byte and [H] contains the optional second byte of
data. The ELE package produces 20 bytes of data per 16

samples.
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ELEDSC : Slow status of the package can be obtained by calling
the DSC entry point. On entry, [A] is an index into
the 1lists and variables which the ELE package
maintains. ELEDSC returns its data in the [A]
register.

When [A] is 0 to 15, the HX list is returned.
When [A] is 16 to 47, the LX list is returned.
When [A] is 48 or more, the ELE variables are returned.
Note that the HX and LX lists for E-field and Langmuir
modes are output in alternating fashion. The LP lists

are output on odd major cycles.

ELEXMIT : Accesses the MAIN playback feature of the ELE package.
On entry : [HL]-> data block of 13-bit data, [DE] is
the number of samples to play back. On the first even
minor frame, the playback will begin, overriding Burst

playbacks if need be.

ELESTAT : Returns the Fast Digital Monitor in (A].

Theory of Operation

TELEMETRY SAMPLING/FORMATTING. The telemetry formatting uses a
double-buffered scheme with each buffer representing one minor
frame worth of data. Each minor frame toggles which buffer is to
be used as the input buffer and which to be used as the output

buffer.

The two types of samples, namely High Rate (HX) and Low Rate

(LX), are dumped into the input buffer using two pointers called
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HBPTR and LBPTR. Data is read out of the buffer using a single
pointer called TMPTR. This results in a one minor frame delay in
the data stream as samples which are taken in even frames are

played in odd frames and vice versa.

SAMPLES TELEMETRY

Figure 5. Electric Field Telemetry Buffering

Corresponding with each high or low rate sample is a
quantity descriptor which details what value to sample at that
time. The quantity descriptors are in lists which are read using
HQPTR and LQPTR as the samples are taken. These pointers are
reset to the top of their lists as required and incremented along

with each use.
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Figure 6. Electric Field Quantity Lists

Each channel descriptor has the following format:

where Db

enables Main or Burst Playbacks to replace this
channel when needed.
indicates that RAM quantity #mmmmmm is to be

sampled (see explanation of RAM quantities below).

indicates that MAIN Multiplexor quantity #mmmmmm

is to be sampled.

49




RAM quantities are simply values taken from the memory of
the MAIN computer system. These are of interest mainly for
diagnostic purposes when it is important to have a high bandwidth
of information regarding some variables in the computer memory.
Since there is a lot of RAM and only 6-bits of possible
indexation, the RAM quantities use a programmable 16-bit base
address called RAMBASE. The 6-bits are added to RAMBASE to
produce an effective addrecs from which 13-bits are retrieved

(low byte first then S5-bits of the high byte).

MAIN MEMORY

RAMBASE-->!

[}
!
! ' 2
!
!

! ! m+1

Figure 7. Ram Quantities

When the Burst playback is indicated by the Fast Digital
Monitor, sampling of channels with their playback bit "b" enabled
is replaced with a BURPLAY call to the BUR package. Depending
upon the state of the playback, the BUR module may offer some of
its Burst Header or may request data from the Burst computer. 1In
either case, thirteen bits are stored in the sample buffer as

described above.
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When a Main playback is indicated, the ELEXMIT facility is
invoked. Samples are played from the buffer pointed at by the
XMTPTR variable until the count held in XMTCNT goes to zero.
When XMTCNT is zero, zero fill data is returned as a sample and

the next FDM calculation clears the MAIi transmit state.

HQPTR/LQPTR. The quantity list pointers are reset when necessary
to the value contained in VHXPTR and VLXPTR when in the E-field
mode or to IHXPTR and ILXPTR when in the Langmuir Probe mode.
Thus, if the instrument switches modes, the sampling list is

changed along with it.

As all of these pointers are 16-bit values, any buffer in
memory can be used for a telemetry format. Six buffers of 16
bytes each have been allocated for this purpose in the ELE module
RAM area. This is enough for complete redefinitions of both the
V and the I mode telemetry formats. Originally, the package was
defined with the idea of having multiple ROM loaded formats from
which to choose. This would facilitate various tests, sampling
modes, etc. Ten format buffers of 16 bytes each were planned for
the ROM, but only 3 (0,1,and 2) could be accomodated. The
"format" command was devised as an address independent method to
access these buffers. See the "format" command in the general

instrument description.

FAST DIGITAL MONITOR CALCULATION. Once every other minor frame
the Fast Digital Monitor is calculated and stored into the

samples buffer. The FDM is a conglomeration of a number of
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status bits which indicate the instrument mode (E-field or
Langmuir Probe), playback mode (Main, Burst or Real-time), etc.
The format of the FDM is given in Figure ELE-1. These status
bits are collected by calling the various modules responsible for

the bits; i.e. the BUR, SWP, and BKG modules.

COMMANDS. Commands are vectored through the command vector table
to routines contained in the ELE package. Most of these commands
are simple calls to the IO package to perform some function such
as setting the bias voltage. The software in the ELE package
simply makes up the differences between the external command
specifications and the internal IO call specifications. Where no
differences occur, the ELE package directly references the IO

call.

The VMODE and IMODE commands are interesting since they are
actually command macros. When a VMODE command is executed, a
list of commands are sent into the command-list processing
facility of the BKG module. Since command lists are executed
only when real commands are not ready, the execution of a VMODE
command may occur after the series of real commands which follow
the VMODE. One should probably not use relay commands in series
right after either a VMODE or IMODE command (i.e. within 25

milliseconds). This could cause contention for the relay

hardware.
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2.4 Magnetic Field Management

The MAG package manages the Fluxgate Magnetometer part of

instrument operations. The functions include sampling, telemetry

formatting and commanding the related sections of the instrument.

For this module there are the following entry points:

MAGINIT :

MAGFRAME:

MAGGAIN :

MAGSAMP :

MAGENCD :

MAGTELEM:

This entry requires no parameters and initializes the
module for subsequent calls. It also sets the mode of

the BY amplifier to 0 (BY*1l operation).

This entry tells the module the minor frame time. On
entry, [A]l contains the frame count. On minor frames
2, 6, 10,... the sampling pointers are resychronized
while on frames 0, 4, 8,... the output pointers are

synchronized.

This entry tells the package to determine the gains
for the three axes. Each axis is sampled in low gain
and compared to 1/51th of full scale. If less than
that, high gain will be selected for the SAMP call. If

more, the low gain sample will be selected.

The sample entry tells the module when to take the
three axis measurement using the gains determined in

the GAIN call.

This entry tells the module to buffer the data sampled

by the last SAMP call.

The telemetry call requests the MAG package to give
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some of its formatted data. On entry, the [A] register
contains 0 if 1 byte is requested, 1 if 2 bytes are
requested. On exit, the [L] register contains the
first byte and [H] contains the optional second byte of

data.

The GAIN/SAMP/ENCD calls are actually three parts of 1 process.
They are split in order to meet the system requirement to stay
under 1 millisecond for background processes. The package
requires two SAMP calls per FRAME call and produces 11 bytes of

data per FRAME. (See Figures 1 through 3).

Theory of Operation
The magnetometer format involves buffering 8 triplets of
autogain (BX,BY,BZ), eight triplets of gain bits, as well as 1
triplet of (BX,BY,BZ) taken in 1low gain. Four bits of mode

information fill out the format to 44 bytes.

The package uses a single buffer scheme in formatting its
data. Three pointers are required as well as temporary storage
for gain registers. One pointer, called OTPTR, is used to read
out of the buffer. It is reset to the beginning of the buffer at
every frame divisible by 4 (1/2 second) and is stepped every time

a byte of magnetometer data is required.

Two pointers, LGPTR and AGPTR, are used to store data into
the buffer. Both pointers are reset at every frame mod 4 equal
to 2. This causes the input buffering to be filling a different
half of the buffer that is being read from by the OTPTR. The

LGPTR is used to index low gain storage while the AGPTR indexes
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the auto gain storage. Both pointers actually count the number
of nibbles from the beginning of the buffer since this

facilitates storing 12 bit quantities.

The number of samples in the autogain buffer is counted by
SMPCNT, which is reset when the storage pointers are. on the
first sample the low gain values (which are taken for the auto-
gain decision) are stored using LGPTR. Otherwise, all sample

triplets are stored using AGPTR.

Since the sampling of autogain quantities occurs
simultaneous to the output of previous gain decisions, the gain
bits for a given buffer are stored in temporary locations TMPX
thru TMPZ. Oon the last sample of the buffer (all quantities

finished) these values are copied into the output buffer.

Mode information (4-bits) is buffered at the end of the
first sample, following on the heals of the low gain storage.

Mode bits are set by the BMODE command to the package.

MAG COMMANDS. The single command which the MAG module knows
about is the BMODE command. The least significant bit of this
command determines whether or not the BY amplifier is engaged on
the Filter board. The software in the MAG module simply calls

the IO module SETMUX facility is response to the BMODE command.
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2.5 Plasma Instrument Data Management

The PLA package manages the Low Energy Plasma part of the
instrument operations. The science requirements of this package

are as follows:

1) Whenever the ABS(SCBY) is less than 1/8th ABS(SCBX), send
the LEPA instrument a compressed calculation of SCB2Z/SCBX

plus current BURST mode information.

2) The software should produce results at least every 64

milli-seconds.

3) Use appropriate gain (high or 1low) in producing the

calculations.

Note that SCBX, SCBY, and SCBZ listed above refer to the mag
field in the spacecraft coordinate system, not the fluxgate
outputs. The fluxgate sensor is turned such that its axis

outputs correspond to spacecraft coordinates as follows:

SCBX = = FLUXGATE BX
SCBY = - FLUXGATE BZ - .044 FLUXGATE BY
SCBZ = - FLUXGATE BY

The LEPA aperture lies in the spacecraft XZ plane with Z along

the spin axis.

The system requirements for the package are as follows:
1) The sample/calculation time cannot exceed 1 millisecond.
2) Since the spin-axis measurement has a mode of

amplification, adjust it back to unity gain whenever the
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amplifier is used.

Specifically, the format for the information transferred to the

LEPA instrument is as follows:

16-bit LEPA shift register: !10qqffff!vsnnnnnn!
1]

where gqq is a status code which indicates the condition of the

BURST sampling.

qq= 00 = BURST OFF
01 = BURST ON, SEARCHING AT FREQUENCY F
10 = BURST ON, COLLECTING AT FREQUENCY F

f is a frequency code at which the burst is operating.
(See General Description, "Burst Sample Frequency
Control")

v is a range error bit if ABS(BZ/BX) >= 2.

s is a sign bit of BZ/BX (1l=negative)

n is 32*ABS(BZ/BX)

For example, if BZ=BX, n= 100000; if B2=1/2 BX, n=010000.

For this module there are the following entry points:

PLAINIT : This entry requires no parameters and initializes the
module for subsequent calls.

PLASAMP : The sample entry tells the module when to take one of
its analog samples.

PLADSC : Status of the package can be obtained by calling the

DSC entry point. The PLA package has 8 bits of status
returned in the [A] register as "esqqffff" where

e=0 indicates the package is enabled
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s=1 indicates the package is currently sending.

q and f are as described above.

PLA PACKAGE COMMANDS. The PLA package has a single command,
called LMODE, whose routine "PLACMD" is referenced in the command

vector table CMDTAB. The format of that command is as follows:

.LMODE d where d= "eeqqffff"
will set the q and f fields of the mode register. Field "ee"
enables/disables the entire package in case a ram-loaded

algorithm is being used.

If ee

10 the package is enabled.

11 the package is disabled.

0x (no change).

The operation of the "ee" field seems a little strange. Why
go to the trouble of an arming bit for another bit? Well, the
problem is simply that the BUR module communicates its status via
the LMODE command. It of course uses the "no change" form of the

command in case the PLA module has been disarmed earlier.
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Theory of Operation
With the exception of PLASAMP, the PLA entry points are
already described. PLASAMP is a routine which performs the
following (note that BX, BY and BZ are fluxgate measurements and

SCBX, SCBY and SCBZ are spacecraft coordinates):

1) For each axis, the PLA package uses the MAG package
samples to determine the field values to 16-bit accuracy

(2nT per bit).

a) If low gain sample, it adds a low gain offset. If a

high gain sample it adds a high gain offset.

b) If a low gain sample, it then multiplies by 51 (18-

bit result).

c) For either gain, it divides by 4 (16-bit result).
2) For the BY measurement, if the BY amplifier is ON, the BY

field value is scaled by 39/256 (1/6.2) and inverted.

3) Rotation to spacecraft coordinates is approximated by

a) ABS(SCBX) BX

b) ABS (SCBY)

BZ + (11/256) *BY
c) ABS(SCBZ) = BY
4) Compares ABS(SCBX) with 8*ABS(SCBY) and performs the

SCBZ/SCBX calculation if the former is greater.

4a) Calculates 32*ABS(SCBZ/SCBX) by performing an 8-bit
divide of ABS(SCBZ) / 2*ABS(SCBX). The 8-bit result is
then rounded and shifted to produce a 7-bit result

which exceeds 64 if ABS(BZ) > 2*ABS(BX).
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4b) Valid 6-bit results and masked 7-bit results are
put into the 6-bit mantissa field along with an

appropriate overflow bit (0 or 1).

4c) The sign of SCBZ/SCBX is calculated using an

exclusive-or of the signs of their field values.
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2.6 Burst Processing Management

The BUR package coordinates the Burst Sampling and Playback
part of the instrument. The functions include sampling of
conditions to determine when to take a burst of data,
communicating with the burst computer system to receive stored
data, and accepting commands for both the module and the BURST

computer.

The science requirements for this function are as follows:

1) Sampling of conditions must operate at a fixed rate with
a period no greater than 32 milliseconds, and must continue
even while playing back data to the telemetry system.

2) Ram algorithms must be loadable from the ground and there
should be a selection of ROM algorithms to choose from. One
algorithm must be a simple clock which will be used for the

timely Bursting during the chemical releases.

The system requirements for the module are:
1) The module must be provided some capability for starting

and stopping burst playback transmissions.

The module has the following entry points:

BURINIT : This entry requires no parameters and initializes the
module for subsequent calls. Playback requests are
cleared and the default burst duration set to 4

seconds.
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BURSAMP

BURPLAY :

BURDSC :

The sample entry tells the module when to take one of
its analog samples with which it will determine whether
or not to take a burst collection, start the playback,

etc.

The telemetry call requests the BUR package to give
some of its stored data. On exit, [HL] contain a 13-
bit value for the telemetry stream if playback has been

requested. Otherwise, [HL] will contain zero.

Status of the package can be obtained by calling the
DSC entry point. On entry, [A] is an index into the
variables which the package maintains. Data is

returned in the [A] register.

Of special interest is the most significant nibble of
DSC(0) which contains the internal mode of the package.
These 4 bits are intended to be used in the fast

digital monitor as an indicator of burst conditions.

Theory of Operation

The burst module operates completely in the background

(under interrupts) trying to decide when to take bursts of data.

As the controller of the Burst computer, all commands to the

Burst computer go through the BUR module in order to keep the

module aware of what is going on with the Burst.

The module has a state variable called MODFREQ (mode and

frequency)

which 1is used to remember from one SAMP call to

another what the state of the Burst is. Three of the bits of

62




MODFREQ end up in the Fast Digital Monitor since they describe
the internal mode of the BUR module. Eight states are defined

for the module as follows:

0 OFF

1 SEARCH

2 COLLECT

3 3 WAIT
4 R1--SENDING "BGO" COMMAND TO BURST
5 R2--RECEIVING "REAL FREQUENCY" DATA

6 R3--RECEIVING "DURATION" DATA

7 RO--DELAYING BEFORE ENTERING R1l STATE

When any algorithm is selected using the control command
(see below), the state of the module is set to Rl. The module

goes thru states R1, R2, R3 and ends up in SEARCH.

In SEARCH mode, each SAMP call simply vectors to the
selected algorithm to determine whether searching is over or not.
When the decision is made to end the SEARCH mode, the algorithm
calls the "TRIGGER" routine which copies the burst duration
parameter into the delay timer DTIME, saves the "EVENT TIME" and

sets the state to COLLECT.

In COLLECT mode, each SAMP call simply decrements the delay
timer. When zero, the collection phase is over, the "BSTOP"
command is issued to the Burst computer and the "END TIME" is

recorded.

Finally, the state is set to "WAIT" for the Burst computer
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to close its Burst memory file and get ready to play back. When
this occurs, the state is set to "OFF", the Burst is commanded to
play its data back and the playback bit is turned on in the

MODFREQ status byte.

While the playback bit is set, the PLAY entry point will be
called each time there is a channel armed for playback. The
first thing played back into the telemetry is the header which
shows the algorithm information and so forth. After its been
played out, the BUR module requests data from the Burst computer
system. This is the data portion of the Burst playback. See
Figure 8.

When the Burst no longer has any data to play back, the
BURPLAY routine decides whether to go into the OFF state or back
into the R1 state. This depends upon the AUTOSEARCH bit in the
trigger mode word (set by the BTRIG command). If AUTOSEARCH is
armed, then the BUR module uses the RO state to delay 1/2 second
before going into R1l. This makes sure that the playback bit in
the Fast Digital Monitor returns to zero in between burst
playbacks---a fact required by the telemetry decoding in order to

distinguish between burst playbacks.

COMMANDS. BUR commands fall into three categories: (1) Burst CPU
commands, (2) BUR algorithm commands and (3) BUR control
commands. The first category of commands is simply those
commands which the Burst CPU knows how to perform, such as BFMT
and BANKS, etc. To each Burst computer command, the BUR module
has a response in terms of its own state. That is to say, if the

user commands the Burst computer to play back some data, the BUR
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module goes into the playback state as well.

There are four BUR module control parameters: (0) trigger
mode, (1) timer delay Low, (2) timer delay High and (3) spare.
Setting the trigger mode turns ON and OFF the BUR module, etc.
See the general information for more detail on what the commands

do.

The algorithm commands simply set the four variables which
are available for use by the algorithms. These are mostly

undefined and are intended for use by the RAM algorithms.

Whenever any of the control or algorithm parameters are
going to be changed, the burst trigger is first set to "OFF".
This keeps algorithms from being executed using partial
parameters and so forth. The impact to the user is that the last
command should be the setting of the burst trigger (BTRIG

command) .
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ROM TRIGGERS. The triggers available in the flight ROM are as

follows:

0 OFF

2 IMMEDIATE Immediately begins collecting.

2 VALCHECK Begins collecting when magnitude of
SAMPLE (PARAMO) exceeds PARAM1.

3 MAGCHECK Begins collecting when the PLA module
detects the loss cone (it is sending).
The status of the PLA package is
requested through its DSC function.

4-7 RAM RAM loaded algorithm.
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2.7 Spin-Fitting Management
The FIT package controls the spin-fitting of electric field

data. The functions include sampling electric field data at
particular sun angles, calculating the sine wave least squares
fit, and telemetering this information. Unlike other modules,
these operations are synchronized with the spin period of the

spacecraft rather than with telemetry timing.

Specifications for the module are as follows:
1) 32 points taken at even angles with respect to the sun.
2) Full period capability only.

3) No bias changes should be made during the sampling.

4) Perform fits in voltage mode only
5) Sine wave fit the boom systems at 180 degrees
out of phase with each other. This will give better
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