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Figure 1. Phenomena Acquisition and

Recording System Block Diagram

are also located within other areas of ADAM,

completing its internal instrumentation sys-
tem. External support equipment includes
serial communications for operator interface

during checkout procedures (where possible);
Data Retrieval and Storage System (DRASS) for
portable, high speed posttest data capture;
telemetry decommutation equipment for both
system checkout and constrained test data
capturing; and supplemental field battery
power.

As implemented in ADAM, the PARS has two pri-
mary sources of sensor information.  About
one-half of the signals to be captured are
completely preconditioned, ready-to-use, high
Tevel signals originating external to ADAM
from the CREST seat. The other group of sen-
sor signals, those from within ADAM, fall into
the three general signal classes of high
level, low level, and bistate level, with sen-
sors of many different types being placed to
measure the important test phenomena of inter-
est such as forces, positions, and events.
The most common sensors used on ADAM, to which
the PARS easily interfaces, include piezo-
resistive accelerometers, full bridge load
cells and strain gauges, potentiometers for
position measurements, 1logic level status
lines and event signals, and rate sensors
(with high Tevel outputs).

The PARS analog front-end circuitry is capable
of exciting/calibrating/amplifying most com-
monly used low level, high level, and bistate
level sensors in use today and this circuitry
includes computer control of each channel's
bandwidth and calibration testing, as shown in
Figure 2. For all of the high level position
sensors and low level force sensors, the ana-
log front-end circuitry has 1individually
adjustable buffered excitation sources to
allow for maximum high level signal sensi-
tivity and Tow level channel adjustment to
specified excitation levels, as well as for
minimization of high level channel offset
errors. A1l low level channels feature “true"

Figure 2.

Typical Analog Front-End
Interface Board

monolithic instrumentation (differential)
amplifiers, with continuously adjustable gain
controls and means for minimization of offset
errors. A1l channels can be checked for
complete functionality by on-board computer
control. The test mode is a calibration tech-
nique using a gating offset input to all sen-
sor channels, which is typically referred to
as "RCAL" (resistance calibration) by many
sensor users. This technique not only checks
all of the signal conditioning and conversion
circuitry; it also adequately checks for
sensor functionality, which is something auto-
matic substitution calibration techniques can-
not do. During RCAL, all low level channels
will change to a known signal level, while a
differential step change will be noted (by the
computer) for all high level and bistate level
channels during RCAL procedures.

Bistate level channel allocations are made
more efficient within PARS by a special con-
version technique, using a digital-to-analog
converter. Figure 3 shows an implementation of
this bistate level sensing technique. Instead
of assigning a complete channel to each
bistate level signal line where there would be
only two possible data points for the given
amplitude spectrum, seven bistate level sig-
nals are combined to generate a single analog
signal that makes better use of the amplitude
spectrum being sampled by the analog-to-
digital conversion system.  There are 128
possible distinct amplitudes, all of which
define the exact state of every bistate level
input for any given sampling. Most of the
PARS bistate Tlevel signals for the ADAM
application are computer generated status and
control lines indicating the current operating
state of ADAM that should be recorded for
posttest analysis purposes.

A1l Tow level channels have their signals
amplified so that the expected maximum ampli-
tude from any given sensor for its particular
physical measurement will generate a maximized
high 1level signal. Therefore, all eventual
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signal levels will be of the high level ampli-
tude class. There are two primary reasons for
this. Having all of the signals at about the
same maximum amplitude permits uniform and
efficient analog-to-digital conversion (ADC)
processes to take place. Before the conver-
sion process, however, the signals are all
filtered by eight pole, Butterworth filters of
the CMOS switched capacitor technology. These
filters work best with high Jevel signal
levels. The signals being generated external
to ADAM also have the same type of signal con-
ditioning:  all are of the high level class
with the same signal peak rails as those sig-
nals within ADAM. They, too, are being fil-
tered by the identical low pass filters. The
filter cut-off frequencies and, therefore, the
channel  bandwidths are completely computer
controllable to 1/100 of a Hertz resolution.
While ADAM requirements specify a maximum
upper bandwidth of 200 Hz, the PARS system is
capable of a much wider bandwidth, all compu-
ter controllable. Since the bandwidth is
software (firmware) driven, it 1is easy to
change bandwidths from test to test and to
allow for event driven changes to take place,
based upon certain sensor parameters. An
example of the latter condition would be to
change a bandwidth of a group of sensors (as
well as change their sampling rate) if a
certain acceleration value was reached or a
particular event took place. The central
computer could monitor the parametric channel
during real-time data capture activities and
make the necessary changes to the data acqui-
sition processes when appropriate. Figure 3
shows typical low level and high level cir-
cuits with their filters.

In the current configuration, the 128 condi-
tioned signals are divided into four groups of
32 channels each.  These signals are high
speed multiplexed and sent to the ADC sys-
tem. The current configuration of the. PARS
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analog bus allows for the support of multi-
plexing of up to 4096 channels, with no
hardware changes necessary.

The high speed ADC system is capable of
stand-alone  sequential sampling of all
channels, with a top end conversion rate of
nearly 10 times that required for the ADAM
application, and of complete computer control
of sampling order and rate, thus emulating
Pulse Code Modulator's (PCM) subcommutatjon
and supercommutation sampling techniques. The
ADC system, which is located on a board in the
digital section, contains four high speed suc-
cessive approximation analog-to-digital con-
verters with 8-bit resolution and 11-bit
accuracy, whose outputs are concantenated into
a 32-bit long word for a four-fold increase in
system conversion throughput. The ADC system
control logic assures proper transfer of the
digitized sensor information from the ADC sys-
tem to the computer and the orderly sequencing
of channel selection and sampling processes.
Eight bits yield a least significant bit accu-
racy of .39 percent; this resolution was
chosen for the ADC system because most of the
common sensors currently available cannot
deliver any more accuracy than 1 percent,
which is about 6 1/2 bits of valid information
(6 bits = 1.5625 percent and 7 bits =
78125 percent).  The PARS ADC system block
diagram is shown in Figure 4, .
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Figure 4. Analog-to-Digital Conversion
System Block Diagram

By adding more analog interface boards to the
PARS, it is possible to sample up to
1024 channels of  information at nearly
4000 channels per second per channel using the
current configuration of one ADC system board
and its multiplexer scheme interfaced to the
analog motherboard and its analog interface
daughterboards. To increase the size of the
system beyond this, it is better to add a
second ADC system board to the digital mother-
board and interface it to a second analog
motherboard with analog interface daughter-
boards. This modular technique allows the
PARS to be expanded both verticaliy and
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[image: image4.jpg]horizontally without detracting from the speed
of the acquisition activities, and it does not
require any kind of design modification to the
ADC system's multiplexer controller circuitry.

Transfer from the analog system to the digital
system was accomplished via a cable from the
analog motherboard to the ADC system board
located on the digital motherboard. The Cen-
tral Processing Unit (CPU) is the heart of the
digital system. The CPU chosen for the PARS
is the Motorola MC68020, a 32-bit virtual
memory microprocessor. It s implemented
using HCMOS (very large scale integrated
circuit) technology, providing maximum com-
puting power for the emergy consumed. Its
internal registers, data paths, and its non-
multiplexed asynchronous external data and
address paths are all full 32 bits in width.
It has a rich basic instruction set, 18 versa-
tile addressing modes, object code compati-
bility with MC68000 family processors, and an
architecture that easily supports high level
languages. It has a 64 long-word on-chip
instruction cache and a parallel internal
structure that allows multiple instructions to
be executed concurrently. The processor sup-
ports a dynamic sizing mechanism that allows
the processor to transfer operations to or
from external devices while automatically
determining device port size on a cycle-by-
cycle basis, which eliminates all data align-
ment restrictions. It has 16 32-bit general
purpose data and address registers, a 32-bit
program counter for a 4-gigabyte direct
addressing range, memory mapped [/0, opera-
tions on seven data types, and many special
internal  registers to enhance  program
execution.

Circuitry directly associated with the CPU
includes 32-bit wide bidirectional trans-
ceiving data bus buffers, 32-bit wide
unidirectional address bus buffers, a seven
level automatic vectoring interrupt system, a
manual and automatic power-up system reset
circuit, a central clock, and a central
dynamic sizing interface generator with a
built-in wait state generator for slow port
devices. A1l CPU and system level signals are
brought out onto the digital bus for ease of
future system expansion, including the control
lines for implementing multiple and
coprocessor systems, although these will not
be necessary for most practical system
configurations of the PARS. Figure 5 shows
the CPU and most of its general system support
circuitry as implemented in the PARS.

The PARS memory system is composed of _two
parts:  an Erasable Programmable Read Only
Memory (EPROM) and a large Static Random
Access Memory (SRAM) array, depicted in Fig-
ure 6. The EPROM currently used in the -PARS
is of an 8K by 16-bit CMOS configuration.
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Figure 5. Central Processing Unit and
Support

Figure 6. SRAM Array and EPROM
Memory System

Because of the dynamic sizing capabilities of
the CPU, it is easy to use just one EPROM for
program storage if the larger size is not
needed. CMOS technology was chosen for its
lower power consumption characteristics, The
disadvantage of this type of EPROM is that it
is’ slower 1in response time and necessitates
the transferring of the executable run time
routines to the SRAM array for faster (no wait
states) execution, as would be desired during
data acquisition activities. The initial size
a SRAM array used in the PARS is 131072 bits
by 32 bits. This was dictated by the ADAM
specification that 128 channels of information
could be captured at a 1000 samples per second
rate for 4 seconds, with a sampling of a pre-
test and a posttest calibration sequence. The
primary purpose of the SRAM array is that of
sensor data storage. A very small area is set
aside for program scratchpad and stack opera-
tions. It is built using high speed CMOS
technology, with battery back-up for nonvola-
tility in the unlikely case of loss of compu-
ter power. Due to the large number of
integrated circuits in the SRAM array, the
address and data buses are buffered from the
rest of the (already buffered) system buses to
prevent loading. The entire SRAM array is
populated on one board, sitting in the digital
motherboard.
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[image: image5.jpg]Because complete address decoding is used for
all devices throughout the system, additional
memory boards can be added easily to the digi-
tal motherboard, with different address bases,
to increase the amount of sensor data that can
be saved for any kind of test configuration.
Data from the SRAM array is usually extracted
following a test and placed in a more portable
and more permanent form of storage usually via
the high speed parallel input/output (1/0)
port.

Due to the nature of most previously conducted
unconstrained data acquisition activities,
information was captured via some form of
telemetry link, usually by radio, most often
driven by some form of frequency multiplexing
or PCM data encoding scheme. Unfortunately,
very expensive tests were often partial
failures due to "data drop out," primarily
because of inadequate radio Tlinks. To
increase the confidence level of obtaining
good data, the PARS saves the sensor data in
its internal memory (SRAM array); it also
telemetrically captures the data using conven-
tional PCM techniques where test facilities
have that capacity. Some drawbacks to pre-
viously wused techniques of obtaining data
include: not enough channels available for
sophisticated tests when using frequency modu-
Tation encoding techniques; no ease of flexi-
bility in changing frame formats, data
sampling orders, or sampling rates when using
PCM encoding techniques; and lack of horizon-
tal and vertical modular expandability with
hoth techniques without significant cost and
time delays. For these reasons and more, the
PARS emulates all features of most PCM systems
with all the added advantages of being com-
pletely computer controlled and easily recon-
figured by the end user as needed.

The PARS telemetry data generator, shown in
Figure 7, produces a nonreturn to zero level
(NRZ-L) ‘output, and a biphase level (BIO-L)
output, like those generated by PCM systems.
It consists of a double latching buffer, a
32-hit wide parallel-to-serial shift register,
a half-bit clock deglitching circuit, a trans-
mission rate bit clock that sets the telemetry
modulation rate, timing control logic, and its
own fully decoded address recognition logic.
The output, NRZ-L data stream or BIO-L, is
sent to the telemetry transmitter via a pre-
modulation Bessel type low pass filter and
then on to the telemetry antenna. The telem-
etry data generator circuitry is located on
the same digital board as other serial and
parallel communications I1/0 circuitry. The
NRZ-L and BIO-L outputs are available for use
as hardline telemetry links to umbilically
connected telemetry decommutation (and its
host computer) for real-time data capture of
PARS sensory information during constrained
tests.
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Figure 7. Telemetry Data Generator

Two important communications links exist
within the PARS for general purpose interface
work and for high speed, large volume movement
of information. The serial I/0 interface con-
sists of a standard Universal Synchronous
Asynchronous  Receiver Transmitter (USART)
protocol generation device with both RS-232C
and  RS-422 electrical interface devices
available for both transmission and reception
links to outside terminal devices. There is a
Universal Baud Rate Generator at this port for
selection of different communications rates
for different types of serial link devices,
like handheld terminals, hardcopy terminals or
printers, video terminals, modem links, and
hardline serial Tinks to host computers. The
word length, number of stop bits, and parity
generation are all software selectable for
ease of port reconfiguration. Typical uses
for this port include status reporting, single
channel observation of data, user test mode
reconfiguration, the dumping of selected
segments of captured data for quick posttest
verification analysis work, pretest commands,
and interactive diagnostics where the user/
operator participates in the checkout of the
system.

The other communications port located on this
same digital board is a 32-bit wide half-
duplex high speed parallel port, as shown in
Figure 8.  The 32 data lines are shared
bidirectionally, and the transfer of data to
and from the PARS is handled by a common con-
figuration of pairs of handshake lines. This
port is typically used for the upload of data,
following an unconstrained test, to the DRASS
for quick retrieval of all test data. This
port can be used as a real-time data link to a
host computer for direct uploading of test
data during constrained (umbilical Tline)
tests, as well. The significance of the speed
of this port increases proportionally as more
SRAM array memory is added to the system for
larger tests.

Another important circuit within the digital
system is the status/control port. This
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[image: image6.jpg]Figure 8. Parallel Data [/0 Port with
Handshake Protocol

subsystem contains a bidirectional latch cir-
cuit for dedicated system level parallel input
and output bistate level signals. The output
latch is interfaced with the bistate level
converter previously discussed. The typical
signals represented at this port are computer
status lines such as diagnostics complete,
Data Retrieval and Storage System (DRASS)
diagnostics complete, communications ports
functional, ready to collect data, memory
full, and system power control line. The
input latching interface circuit monitors
internal and external bistate level event
lines for activity for system processing. The
best example of these input signals is the
avent START signal. This particular input,
depending on test needs and software protocols
developed, can be the sole control input for
sequencing through test phases such as system
diagnostics, to channel self-calibration, to
test standby mode, and finally the start-to-
i1l memory command for the actual capture of
event data.

Two other general support circuits are a
battery backed-up computer settable real-time
clock, which is useful in tagging multiple
sets of test data for ease of posttest data
identification, and four individually program-
mable filter clocks (discussed previously)
with companion frequency-to-voltage converters
for  on-the-record  posting  of  cut-off
frequencies.

The power supply system for the PARS for the
support of hostile environment unconstrained
tests is based on lithium battery technology
with the use of computer controllable adjusta-
ble regulators on the individual boards where
needed. Distributed regulation provides bet-
ter power to individual circuits, prevents
supply noise cross-coupling problems, dis-
tributes heat generation within the system (no
hot spots), and eases expansion of the system
as needed. A diode matrix switch allows the
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use of externally attached (field) power for
all operations preceding and following uncon-
strained tests to conserve the on-board pri-
mary battery power while preventing any
Jithium cell charging to take place. In the
event of total power loss in both the on-board
primary battery and the external field power,
a third on-the-memory board battery retains
power on the SRAM array to prevent the loss of
valuable test data until the computer can be
reactivated and the data retrieved, or the
memory board is physically removed from the
PARS for data retrieval purposes.

One of the most used pieces of support equip-
ment is the field (supplemental) power unit.
It is based on rechargeable NiCad batteries,
with an integral recharger capable of sup-
plying all of the power needed as an on-line
power supply system.

Another piece of support equipment is the
DRASS. It is a “dumb” device, containing
sequence control logic which is totally con-
trolled by its host, usually the PARS, It
contains a high speed, 32-bit bidirectional
parallel data port with handshake lines that
fully complement the PARS parallel /0 port.
Two of the handshake lines reset DRASS address
counters and set up the logic for the direc-
tion of the data transfer. The other hand-
shake lines control (in a fairly standardized
protocol) the actual half-duplex movement of
data.  The ORASS memory boards are the same
ones used within the PARS, removable and non-
volatile. The PARS software will run a com-
plete set of SRAM array diagnostics on the
DRASS memory modules, like that which it runs
on its own memory, before attempting to save
valuable data in the DRASS. It will also do a
full cross check of all data stored within the
DRASS memory module before indicating that the
PARS data have been successfully retrieved.
Following a successful download of PARS data,
another (fresh) memory module can be installed
in the DRASS for a second dump of data from
the PARS for a higher confidence level of
having captured the data, or a new test can be
run. The data can be removed from the DRASS
memory modules (uploaded) to a host computer
for posttest analysis and permanent data stor-
age in ome of two ways. The same parallel
port can be used, provided the protocol is the
same or can be adapted, or a serial dump can
be accomplished via a USART and an RS-232C
electrical interface. While this could be a
Yengthy process depending upon the baud rate
selected, it 1is convenient because it is
nearly universal in its applications. There
is also an integral rechargeable NiCad battery
supply and recharger for all of the power
requirements of both the DRASS and the digital
system of the PARS. Following most tests, it
is not necessary to supply power to all of the
sensors. The primary task is generally the
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[image: image7.jpg]retrieval of data and supplemental power to
just the digital system s sufficient.
Figure 9 is a simple block diagram of the
DRASS. Despite the fact that the significant
power of the PARS is realized in unconstrained
test situations, Figure 10 shows how there
could be three complete data source files for
any one constrained test. The first real-time
data capture path would be via the high speed
parallel port to an on-line host computer.
The second real-time data capture path would
be via a hardline or radio telemetry link,
through decommutation equipment to an on-line
computer for data retrieval. The host com-
puter could also have a posttest data upload
from the DRASS (from the PARS) following the
test. Using all three data retrieval
techniques significantly boosts the confidence
Jevel in successfully capturing the event
data.

Figure 9. Data Retrieval and Storage System

i ]
Figure 10. Unconstrainted Test Configuration

This hardware discussion concludes with a
review of a couple of the techniques used to
shrink the system size down while increasing
total system reliability. As noted in the
opening remarks, a semicustom hybrid circuit
was developed for the PARS, known as the
Special Analog Front-End (SAFE). This hybrid
combines four complete high level and four
complete  low level front-end cifcuits
including the eight pole filters and
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calibration circuitry. This helps cut down on
total space used; assembly time for the system
is significantly reduced. It is more noise
immune than standard exposed printed circuit
board components. Hybrid testing procedures
greatly decrease the probability of component
failure, power supply noise is reduced in the
front-end circuitry due to the near absence of
lead-in inductance, and most of the other rea-
sons for using hybrids in one's design. The
digital system uses HCMOS technology to
greatly reduce the power consumption in the
system, as well as flat-pack and various types
of surface mount integrated circuit packages
to reduce the size requirements. The smaller
mass integrated circuits also aid in the sur-
vivability of the system during high shock and
vibration testing environments.

Since the system is computer controlled, the
test scenarios developed are only limited by
one's ability to generate software packages to
drive the PARS. The primary function of the
PARS 1{s the accurate capture of data repre-
senting physical characteristics of a test
event. The ADC system was developed to either
free-run at maximum speed possible or to be
software scenario driven. If high resolution
Fast Fourier Transforms are to be conducted on
the captured data, where the real-time data
capture resolution needs to be more accurate
than 100 microseconds, then the ADC system
should be software driven so that the actual
data points are known in time to within
1 microsecond. The ADC system is tightly
coupled to the CPU so that when it is free
running, the CPU's read of data causes the
start of conversion on the next set of four
(in this example) channels. The speed of the
system is then only limited by the amount of
software required to save data (in the minimum
software configuration), or to test data for
parametric actions, or to actually perform
some forms of (real-time?) analysis on the
incoming data.  The following is a simple
double-pointer technique used in the ADAM
application of PARS.

The telemetry port is set up with a constant
output bit rate equivalent to 1000 samples per
second per channel. When the telemetry output
double buffer goes empty, it interrupts the
processor for more data. The ADC system is
allowed to free-run. When the whole process
first starts, the software initializes the ADC
system's multiplexer (to the first four chan-
nels) and its internal pointers to a small
section of the SRAM array known as the update
table. There is a byte allocated for every
channel 1in the system (128 in ADAM's case).
Every time there is a quadruple completion of
conversion, the data from the ADC system is
placed in the update table, replacing the old
values. In ADAM's case, this occurs about ten
times for every one sample taken from the
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[image: image8.jpg]update table to be sent out the telemetry port
and simultaneously stored in the PARS internal
memory. A second table, known as the wish
list, is the order in which the test director
would like to have the data sent out. This
Tist can be a simple major frame (one channel
out per pass for all channels) or it could
involve supercommutation and subcommutation
techniques for various sampling orders and
sampling rates. The wish list pointers are
incremented through the table every time the
CPU transfers new data from the update table
to the telemetry port (and memory) as pointed
to by the wish list. 1In ADAM's case, the end
of the wish Tist, which is initially in simple
major frame format, contains absolute data to
be sent out at the end of every major frame
for telemetry and posttest data syncronization
purposes.

The PARS structure was developed to allow easy
system expansion and reconfiguration as new
needs developed. The generic front-end cir-
cuitry housed in the SAFE hybrid along with
the computer control of important features,
permits easy interfacing to many types of
sensors for many different types of tests.
The construction and packaging make accessible
the acquisition of important physical data in
previously difficult to handle test environ-
nents.  The software programmability gives
freedom of scenario, often needed for acquisi-
tion activities. Use of the latest tech-
nologies ensure Tong term usability with the
greatest confidence of successful data capture
for every test.

The author would like to extend appreciation
to some fellow Systems Research Laboratories,
Inc., employees. A special thank-you is in
order to Joseph F, Kowalski for his valuable
assistance in the development of the PARS, and
to Joyce L. Sibley for her help in the prep-
aration of this document. The assistance of
the ADAM team members in its development is
also greatly appreciated.
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The Phenomena Acquisition and Recording System
(PARS) is a totally self-contained data
conversion/acquisition system currently con-
figured to capture up to 128 channels of
sensor information under complete on-board
computer  control. This battery-operated
system features the latest in digital and
analog technologies, redundancy in data
storage/retrieval techniques, and construction
to withstand hostile eavironment applications
as in some unconstrained phenomena recording
events. The generic system structure lends
itself well to easy vertical and horizontal
expansion - of the system, and fairly quick
reconfiguration is made possible by the pro-
grammability and modular structure features.
The severe room constraints imposed by the
initial use for this system dictate high den-
sity miniaturization and compressed packaging
of the system, including widespread use of
array logic in the digital section and a cus-
tom hybrid integrated circuit in the analog
section. Many features are incorporated to
facilitate ease of maintainability of the
entire system from comprehensive diagnostics
through strategic sensor comnector place-
ment. System power requirements are minimized
hy the extensive use of HCMOS technology
#herever possible in the computer system. The
system support includes power, communications,
and data retrieval equipment for all phases of
system setup and operations.

The PARS initial use is that of an integrated

instrumentation system for the Advanced
Dynamic  Anthropomorphic  Manikin  (ADAM)
program. ADAM is a new U.S. Air Force effort

to design and develop an advanced manikin,
with improved biofidelity and instrumentation,
to test and evaluate a high performance air-
craft escape system being developed by the
Crew Escape Technology (CREST) Advanced Devel-
opment Program Office. ADAM is sponsored by
the Aeronautical Systems Division, Life Sup-
port Systems Program Office, CREST, and the
Armstrong Aerospace Medical Research Labora-
tory. ADAM is designed to gather real-time
event information from within a fully instru-
mented manikin and from sensors contained on
the CREST ejection seat, upon which the ADAM
will be riding. The CREST seat is a thrust
vectored controlled ejection seat designed to
ensure the greatest chance of successful
escape from a disabled aircraft with the least
possible risk of ejection system induced
injury or fatality. ADAM's  task s
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two-fold. It must emulate a human pilot
within the seat during an ejection event with
the greatest biofidelity possible, and must
record as much event information as possible,
including significant data from the seat
itself.

A few of the more important initial system
requirements imposed on PARS by the ADAM (and
CREST seat) include: interface with many dif-
ferent types of common sensors; capture
128 channels of sensor information at up to
1000 samples per second per channel; have
adjustable channel bandwidths up to 200 Hz,
have antialiasing low pass filters on all
channels, be battery operated; be able to
maintain operations in high temperature,
shock, and vibration environments; have
on-board computer controlled calibration and
diagnostics with operator interface where
feasible; be able to capture data via both
telemetry and on-board storage techniques; and
be extremely small and easy to maintain. The
PARS meets (and in many areas far exceeds) the
ADAM requirements, making it extremely useful
in many different types of phenomena gathering
activities.

As shown in Figure 1, the PARS itself is
composed of two fairly distinct systems: the
analog system and the digital system. As
implemented in ADAM, these two systems are
connected by a single cable as they are physi-
cally separated within the ADAM chest
cavity. The analog circuitry is located on
three circuit boards which plug into an analog
motherboard. Two of these boards are identi-
cal, and they contain the generic circuitry
which allows the PARS to be so versatile in
its sensing tasks. The third board is more
ADAM specific, yet usable in many common
sensing applications, with its primary task
being the capture of the externally generated
signals from the CREST seat. The digital
circuitry s Tocated on four circuit boards
which plug into a digital motherboard. These
boards contain the computer and its support
circuitry, serfal and high speed parallel
communications links, an extremely fast
analog-to-digital conversion system, a large
on-board battery backed-up memory system,
integral status and control ports, and a
variable high speed telemetry port for multi-
ple data retrieval techniques. A high power
battery array, telemetry transmitter/antenna,
and many sensors with their interface cabling



