[image: image1.jpg]RUGGED PHYSICAL EVENTS RECORDER
Thomas W. Gustin

Systems Engineer
Systems Research Laboratories, Inc.
2806 Indian Ripple Road
Dayton, Ohio 45448
(513) 426-6000

ABSTRACT.

The Phenomena Acquisition and Re-
cording System (PARS) is a totally
self-contained, high technology data

conversion/acquisition system, espe-
cially designed for unconstrained and
hostile test environments. It's ini-

tial use was for the Advanced Dynamic
Anthropomorphic Manikin (ADAM), a test
article for acquiring physical event
and performance information from both
the fully instrumented manikin, and
from the advanced technology CREST
ejection seat it rides. The ADAM de-
velopment program was sponsored by the
BAir Force's Aeronautical Systems Divi-
sion, Life Support Systems Program
office, Crew Escape Technology (CREST)
Advanced Development Program Office,
and the Armstrong Aerospace Medical
Research Laboratory.

This paper presents the system
level design of the PARS as configured
for ADAM, with its specifications

Unique features of this system will be
presented with brief historical re-
quirements, including techniques used
to solve hostile environment and room-
crunch problems. The final discussion
will be a presentation of several dif-
ferent types of test environments and
scenarios to demonstrate the generic
modularity and power capabilities of
the PARS in solving various application
problems.

GENERAL SYSTEM DESCRIPTION.

Figure 1 (on the next page) is the
PARS' System Block Diagram. The actual
data acquisition system is that shown
contained within the ADAM (manikin),
with the system's support equipment
shown outside ADAM. The following
discussions present the ADAM configura-
tion of the data acquisition system.
The PARS is capable of performing data
acquisition functions in many other
system configurations.

The data acquisition system pre-
sented on the next page consists of two
large subsystems, plus several support
elements. The analog signal condition-
ing section consists of an analog moth-
erboard with three daughterboards
while the digital section consists of a
digital motherboard with four daughter-
boards. There is an on-board telemetry
transmitter and skull antenna for one
technique of gathering data in this
ADAM application. There is an on-board
power distribution board for local and
remote control of both internal batter-
ies and external power sources, such as
the Field Power Supply (FPS) shown.
There are several different pieces of
support equipment used in various modes
of operations and test configurations.

SYSTEM REQUIREMENTS.

Before continuing with the system
description, it is best to present the
history and system requirements which
forged the evolutionary path this ge-
neric system structure followed.

Ralph Nader's book, Unsafe at Any
Speed, would have been a guaranteed
best seller if it had discussed the
events that take place during aircraft
ejections. Many pilots loose their
limbs and lives during ejections from
all types of aircrafts each year. The
recently popular movie, Top Gun, illus-
trated just one of many typical hazards
involved in escape attempts from air-
crafts that are out of control. The
seats are not able to actively adapt to
circumstances surrounding the ejection
event due to the lack of on-board in-
telligence and control systems, and
they also typically lack advanced tech-
niques in protecting the pilot during
and after the actual ejection from the
aircraft.




[image: image10.jpg]SENSORS EXPO '87

SESSION 204:

DATA ACQUISITION/INTERFACING

WEDNESDAY 16 SEPTEMBER 87 2:00--3:30 p.mi.

RUGGED PHYSICAL
EVENTS RECORDER

THOMAS W. GUSTIN
SPEAKER & SESSION CHAIRMAN
SYSTEMS RESEARCH LABORATORIES, INC.




[image: image2.jpg]INTERNAL POWER FIELD POWER
= =
BATTERY DISTRIBUTION ; SUPPLY
—
ANALOG ANALOG-TO-
FRONT-END DIGITAL
R
INTERFACE CONVERSTON
BOARD i‘[ SYSTEM
s A 7
D ° 1
A g G
M I
ANALOG EPROM, SRAM T
FRONT-END . ARRAY AND 2
s INTERFACE 0 BATTERY
E BOARD T BACK-UP
N H
S E
o R INSIDE
R B ADAM
s 0
CREST : CPU, CENTRAL g
INTERFACE D SUPPORT AND T
BOARD SERIAL l;
—— COMMUNICATIONS 2
ADAM B
0
- ™ ) = i A
| R
D
C T STAT/CTRL,
f PARALLEL AND
s TELEMETRY SKULL
T — T /0 ANTENNA
3 |
A | = -
T HANDHELD te
TERMINAL | TELEMETRY
] TRANSMITTER
|V | T
DATA RETRIEVAL |
AND STORAGE |
SYSTEM 1
DECOMMUTATION INSIDE
SYSTEM | apax
|

Figure 1. SYSTEM BLOCK DIAGRAM





[image: image3.jpg]ADAM is designed to gather real-
time event information from within ADAM
and from sensors contained on the CREST
ejection seat, upon which ADAM will be
riding. The CREST seat is a thrust
vectored, intelligently controlled
ejection seat designed to ensure the
greatest chance of successful escape
from a disabled aircraft with the least
possible risk of ejection system in-
duced injury or fatality. This new
high-technology seat is designed to
adapt to the ejection environment in
such a way as to safely fly the pilot
away from the disabled aircraft for a
safer parachute landing.

Wwith a few exceptions, manikin
technology prior to ADAM lacks the
ability to simultaneously satisfy the
two main requirements for ADAM. It
must emulate a human pilot within the
seat during an ejection event with the
greatest biofidelity possible, and be
structurally strong enough to withstand
ejection forces that a man could not
tolerate using the currently available
ejection safety equipment. Secondly,
the test manikin must record as much
event information as possible, includ-
ing significant data from the seat
being tested. Most test manikins of
the past were designed either for
strength (with poor biofidelity and
practically no instrumentation capabil-
ity), or for a fair level of biofideli-
ty (with nearly no instrumentation and
only enough strength to withstand low
speed ejection tests).

The general requirements have been
set forth. The need exists for a mani-
kin that is strong enough to withstand
all forces imposed upon it by an exper-
imental ejection seat that will be used
during high speed testing of this new
CREST seat. Furthermore, it must look
like and behave like a real man during
the ejection sequence to properly task
the control systems on the new seat.
All 1limbs must weigh the same as a
man's limbs and have the same moments
of inertia. 1In addition to this diffi-
cult task, it must also be much stron-
ger than a real man for survivability
of multiple tests. After the mechani-
cal framework was developed to achieve
these biofidelity and strength require-
ments, the following instrumentation
requirements had to be met.

The instrumentation system must be
able to operate in a totally uncon-
strained test configuration (no umbili-
cal cables). It must be able to inter-
face with many different types of com-
mon phenomena sensors including accel-
erometers, pressure gauges, velocime-
ters, strain gauges, temperature
gauges, position sensors, etc. It must
sense/convert and capture 128 channels
of sensor information at up to 1900
samples per second per channel with
computer controlled sampling rates and
order by being able to emulate PCM
supercommutation and subcommutation
sampling techniques. All 72 internally
conditioned channels must have anti-
aliasing low pass filters which func-
tion as computer controlled bandwidth
limiters to 2#@Hz, as well as individu-
ally adjustable excitation sources, and
computer controllable shunt calibration
capabilities. The system must be able
to operate for at least thirty minutes
at full power on internal batteries,
totally unassisted by external power
sources. The system must be able to
save up to four seconds of real-time
event data within ADAM at the system
top speed, as well as provide a comput-
er emulated PCM format telemetry signal
for multi-path data capturing tech-
niques. It must be extremely compact;
small enough to fit within the mechani-
cal structure of a small manikin with-
out abnormally affecting the biofideli-
ty of that manikin's mechanical system.
It must be able to successfully operate
in hostile temperature, vibration and
shock environments beyond those cur-
rently encountered during ejection seat
testing. It must contain a battery of
self diagnostics and status indicators,
as well as be very user friendly in
interactive checkout procedures to all
levels and modes of operations preced-
ing and following a test scenario. The
entire ADAM system needs to be modular
in design for ease of field repairabil-
ity in the event of structural failures
during tests. This requirement was
carried forth into the instrumentation
system design to provide ease of both
vertical and horizontal expansion as
future needs dictate.

Again referencing the System
Block Diagram on the preceding page,
the following detailed system descrip-
tion will provide one with a better
understanding of how the system re-
quirements were met, and in some cases,
exceeded.
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The sensor configuration is estab-
lished by their individual connections
into the backside of the analog mother-
board. These links are shown via the
paths between the ADAM sensors and the
two Analog Front-end Interface Boards
(AFIBs) and the CREST Interface Board
(CRIB), and between the CREST Seat and
the CRIB. The signals that are common
to all three analog daughterboards also
traverse the analog motherboard, as
shown on the right side of the three
analog daughterboards. These common
signals include, but are not limited
to, raw battery power, multiplexer
control lines, and other anmalog control
signals generated by the computer to
satisfy requirements for power conser-
vation, bandwidth control, and calibra-
tion operations.

Since the AFIBs are  identical,
only one will be described. The AFIB
is capable of exciting, calibrating,
and amplifying most commonly used sen-
sors, and this circuitry includes com-
puter control of each channel's band-
width and calibration testing. The
following are the features of an AFIB:

16 complete low-level channels

16 complete high-level channels

32 eight pole low pass filters

32 channels of dual buffered
excitation sources

32 shunt calibrators

32 channel high speed multiplexer

32 channel (premux) test connector

on-board computer controlled power
regulation

For all of the high level position
sensors and low level force sensors,
the analog front-end circuitry has
individually adjustable buffered exci-
tation sources to allow for maximum
high level sensitivity and low level
channel adjustment to specified excita-
tion levels, as well as for minimiza-
tion of high level channel offset er-
rors. All low level channels feature
true monolithic instrumentation ampli-
fiers, with continuously adjustable
gain controls and means for minimiza-
tion of full channel offset errors.
All channels can be checked for com-
plete functionality by on-board comput-
er controlled shunt calibration cir-
cuitry.

Bach AFIB channel's signal is
passed through an eight pole Butter-
worth low pass antialiasing filter with
computer controllable cutoff frequen-
cies that range from @.78Hz through
18KHz. All filter outputs feed both
the test connector and the thirty-two
channel high-speed analog multiplexer
which provides a single signal for
conversion to the ADC board for each
AFIB. The actual channel selected by
the multiplexer is controlled by cir-
cuitry on the Analog-to-Digital Conver-
sion (ADC) board.

The CRIB is capable of exciting,
calibrating and amplifying signals the
same way the AFIB accomplishes these
tasks, as well as accepting precondi-
tioned signals from external sources.
The following are the features of the
CRIB:

8 complete low-level channels

8 complete high-level channels

16 eight pole low pass filters

16 channels of dual buffered
excitation sources

16 shunt calibrators

Dual 32 channel multiplexers

64 channel (premux) test connector

on-board computer controlled power
regulation

All of the signal conditioning
circuitry discussions for the AFIB are
applicable to the CRIB. A generalized
summary of the differences between the
CRIB and the AFIB might be that the
CRIB has twice the multiplexing (signal
handling) capabilities as the AFIB, but
it only has half of the signal condi-
tioning circuitry available for use.
The CRIB provides direct access to most
of its signal multiplexer inputs,
whereas the AFIB provides no direct
access to its multiplexer. One of the
CRIB multiplexers allows eight signals
to be selected, via a jumper pad, from
external signal lines and/or internal
signal conditioning circuitry. This
feature provides greater system flexi-
bility for reconfiguration purposes as
new needs arise.

The selected and conditioned sig-
nals are fed from each of the multi-
plexer outputs from the three daughter-
boards to the ADC board for time sam-
pling conversion to binary representa-
tions of the sensor signals.




[image: image5.jpg]The system controller of events is
the computer system contained on four
digital daughterboards residing on a
digital motherboard (backplane). The
latter board provides power to all
daughterboards, as well as the distri-
bution of all shared signals between
them. The link between the analog
section and the digital section is made
through a connection to the ADC board.

The Central Processing Unit (CPU)
board contains all of the centralized
vital functions for this system. The
Motorola MC68828 is the CPU used in
this system. The main system clock and
clock driver circuitry provide most of
the system timing functions except for
the serial communications and the te-
lemetry bit rate. This board provides
to the rest of the system seven levels
of autovectored interrupts and a cen-
tral dynamic sizing system with a
built-in multiple port delay feature.
It has data and address line buffers
(for all lines) for good bus drive
capabilites. The currently unused mul-
tiprocessor control lines are also
brought out onto the backplane. All of
these features are designed for system
future expansion capabilities. This
board also contains a Multi-Function
Peripheral (MFP) device which generates
the filter clocks for the analog sec-
tion's programmable bandwidth filters,
and the system's serial communications
port. The serial port is a half-duplex
configuration to any RS232 or RS422
communications device (terminal) with a
wide spectrum of baud rates and data
formats for use.

The memory board in this system
contains the permanently stored rou-
tines for all functions housed in
EPROMS, and a large SRAM array for data
storage and processor support. The
SRAM array has a built-in battery back-
up feature for long term data retention
in the event of loss of main battery
power. The current SRAM size of 131872
by 32 bits exceeds the requirement to
record four seconds of event data at
the highest rate for all channels, with
a pretest and a posttest calibration
sampling. Due to the large number of
integrated circuits on this board (88
total) the address and data bus lines
are buffered from the rest of the (al-
ready buffered) system buses to prevent
excessive loading problems.

The high speed ADC board is capa-
ble of stand-alone sequential sampling
of all channels, with a top end conver-
sion rate many times that required for
the ADAM application, and of complete
computer control of sampling order and
rate, thus emulating the functions of
subcommutation and supercommutation
offered by many PCM systems. This
board contains four high speed succes-
sive approximation analog-to-digital
converters with eight bit resolution
and eleven bit accuracy, whose outputs
are concantenated into a 32 bit long
word for a four-fold increase in system
conversion throughput. The ADC control
logic assures proper transfer of the
digitized sensor information from the
ADC board to the CPU board, and the
orderly sequencing of channel selection
and sampling processes. The ADC board
is the only digital daughterboard whose
power is turned on and off (along with
the analog system) for power conserva-
tion purposes.

The Digital Input/Output (I/0)
board consists of three ports:
STAT/CTRL, Parallel 1/0, and the Telem-
etry generator. The STAT/CTRL (status
and control) port consists of parallel
1/0 used to monitor and control the
internal workings of the rest of the
system, including power control and
calibration mode control, interrupt
masking, and parallel I/0 port hand-
shake line support. The status port
has a Bi-State Level converter circuit
which generates an analog representa-
tion of the system's status for in-the-
data-stream logging of the system's
status for posttest analysis purposes.
The high speed parallel I/0 port is a
half-duplex 32 bit wide port with full
interactive handshaking. The current
primary purpose of this port is for a
high speed extraction of test data
following a test. This port is capable
of being used as a real-time data
source for constrained test configura-
tions. The Telemetry generator pro-
vides both (PCM format) NRZ-L and BI@-L
outputs for either (or both) land-line
link or radio link telemetry data gath-
ering technigues. The changeable te-
lemetry generator's bit clock oscilla-
tor, in conjunction ‘with the frame
length as determined by the sampling
list, determine the overall sampling
rate for the system. The use of the
telemetry link is optional depending
upon the test site's support capabili-
ty.




[image: image6.jpg]All daughterboards contain their
own power regulators, some of which are
controlled by the CPU via the STAT/CTRL
port. They are fed from their respec-
tive backplanes by raw D.C. power pro-
vided by the power distribution board.
The purpose of the power distribution
board is to provide glitch-free trans-
fer of power to the system from either
the internal batteries or from the
external power provided by the Field
Power Supply (FPS). It also contains
the computer controlled switch for the
telemetry transmitter's power.

The Decommutation System is that
piece of support equipment that is used
as a land-line telemetry link for real-
time data gathering during constrained
tests, and for pretest and posttest
checkout of the system. It consists of
a wide frequency range Bit Synchroniza-
tion system feeding data and clock
signals to a multipurpose Decommutator.

The Data Retrieval and Storage
System (DRASS) is a computerized piece
of support equipment designed as an in-
the-field data extraction and storage
medium. Its rechargeable battery sup-
pliments the ADAM battery system during
posttest data removal from ADAM via the
Parallel 1/0 port. It uses memory
boards that are interchangeable with
that within ADAM. The DRASS * is the
link between ADAM and any other device
needing the test data. The DRASS com-
municates with terminals, printers and
other computers across RS232 or RS422
lines in a variety of data formats and
baud rates for data off-loading pro-
cesses.

The handheld terminal is that
piece of support equipment that is used
for all modes of operations with ADAM
except the actual unconstrained tests
themselves, although its functions can
be handled by any type of terminal able
to interface to the ADAM serial 1/0
port. There is an extensive library of
menu driven mode selections, resident
within the system's EPROMs, used for
determining the operational status of
both the analog section and the digital
section of the system. Complete system
readiness can be ascertained from this
single piece of equipment if necessary.

The system's mechanical structure
is unique due to the intended use with-
in ADAM and its test environment. The
physical shock survivability require-
ment is one of 66G's, half sine wave of
.18 second duration in all directions
with no system operational degradation.
The system must maintain full opera-
tional capacity at an elevated ambient
temperature of 78 degrees Celcius. 4
must be extremely small and 1light
weight to fit within a small (approxi-
mately fifth percentile size) manikin
in such a way that it does not degrade
the quality of overall system biofidel-
ity. The above challenges were met in
the following ways.

There were several technigues de-
ployed to shrink system size while
increasing the total system reliabili-
ty. A semicustom hybrid microcircuit
was developed for this system's analog
section. It combines the twenty-eight
integrated circuit functions for four
low level and four high level circuits,
including the high level channel's RCAL
shunts, into a one square inch flat
pack package. There are four each of
these on an AFIB, and two on the CRIB.
There are twenty Programmable Array
Logic (PALs) devices used throughout
the digital section replacing over one
hundred standard integrated circuits.
The digital section uses mostly HCMOS
technology to reduce the power consump-
tion in the system, a savings that is
evident in both the reduction of inter-
nally generated heat and in longer
running times from the batteries. The
extensive use of flat pack and surface
mount package devices throughout the
system reduces overall weight signifi-
cantly, and the lower profiles are less
prone to high shock shearing in their
sensitive axis.. Foam and conformal
coating are used, where necessary, for
protecting the higher profile devices.
The multilayer printed circuit boards
are small and thicker than normal, and
are captured on all four edges for
decreased flexion during high accelera-
tion and shock events.

All of the cables within ADAM,
leading to the sensors and to the out-
side, are tethered to prevent cable
shearing without interfering with limb
movement. The entire system is de-
signed and installed to withstand the
forces imposed by a blast of wind with
a speed of 780KEAS.




[image: image7.jpg]The system design was formulated
to meet all of the requirements listed,
and to solve some of the problems with
which previous test apparatus have been
plagued. The high shock and vibration
specifications are fairly new require-
ments due to the increased speed capa-
bilities of newer aircraft. The so-
phisticated on-board data acquisition
system is a new need, generated by the
exigency to better understand the e-
vents occuring during a high speed
ejection. The frequent problem of data
dropout during radio telemetry tests,
while not previously a major problem,
could be catastrophic in future tests.
ADAM's dual data capturing technique
prevents the total loss of critical
data while providing a means of cross-
checking the information as a data
validation process. The ability to
field-modify the configuration of this
complex system in a user friendly fash-
ion is an important feature of the
system. The hardware super-structure
lends itself well to both vertical and
horizontal expansion processes as new
needs present themselves.

JURING-TEST EqUIPENT

EXAMPLE CONFIGURATIONS.

Figure 2 (at the bottom of
page) presents one of many typical
operational configurations for  this
instrumentation system as implemented
within the ADAM system. As shown, this
system can operate in a totally hands-
off configuration. It shows the use of

this

only the radio telemetry link for data
retrieval purposes, and the system
status is monitored through this link

on a dedicated channel. It uses in-
ternal batteries only, and the system
checkout operations are limited to the
automatic system diagnostics only.

Figure 3 (below) presents the
extreme in unconstrained test's
configurations. It utilizes all of the
presented support equipment in both
pretest and posttest system checkout
operations. A discussion of the con-
figuration differences will amplify the
system's capabilities in this and other
intermediate configurations.
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[image: image8.jpg]An externally generated hardwire
START command is issued by the user
when data is to be stored within the
system's own memory bank. This data
capturing redundancy is not implemented
in Figure 2, while it is in Figure 3.
The radio telemetry data capturing link
is the only data retrieval path in
Figure 2, but it is not necessary if
data is stored on-board the system.
The DRASS is necessary to retrieve data
from the system following a test where
the on-board storage capability is
implemented. As mentioned earlier,
once data is retrieved from the system
via the DRASS, it can be uploaded to
any host device compatible with the
DRASS's serial communications port. If
data is to be spot checked, the DRASS
dump could go to a hardcopy terminal.
For more permanent storage, the DRASS
dump could go to a Mainframe computer
for later posttest analysis work. The
DRASS stored data can be dumped as many
times as needed for multiple checks and
storage operations.

Figure 2 depicts the system in a
stand-alone configuration. The sys-
tem's power-up self diagnostics' status
can be monitored via the telemetry
link, as can known pretest sensor chan-
nel states, to ascertain the operation-
al status of the system. A much high-
er confidence level of the system's
operational status is achievable via
checkout procedures conducted with the
handheld (or other) terminal, as shown
in Figure 3. Higher confidence yet can
be gained by cross-checking data values
between those reported by the handheld
terminal, a land-line telemetry link,
and a radio telemetry link, in any
mixed combination that the test facili-
ty can support. The Field Power Supply
(FPS) is less of an option. This re-
chargeable unit should always be used
in all modes of operations except when
actual unconstrained tests are conduct-
ed where an umbilical cable is not
usable. This is because the batteries
within ADAM are primary (lithium)
cells. Other uses of this data acqui-
sition system may allow more space for
rechargeable cells, making the FPS less
critical for long-term operations of
the system. In summary, one should use
as much of the support equipment and
system capacity to capture data as the
target test site/facility can support.

This system is software driven.
The existing firmware package is very
generic as it stands, allowing for
great flexibility in the current con-
figuration of the system. The follow-
ing concepts are potential system hard-
ware and software modifications to
implement other uses of this data ac-
quisition system.

The ADC board is capable of multi-
plexing 1824 channels of information
per analog section. The current analog
motherboard could be expanded to host
more AFIB and CRIB daughterboards, or
any other custom interface boards that
conform to the bus structure. Addi-
tional ADC boards could be added to an
expanded digital motherboard, each with
their own attached analog section con-
sisting of an analog motherboard and
daughterboards. The memory board in
the digital section is already designed
to accept a higher density SRAM config-
uration, quadrupling its current capac-
ity with no increase in size, weight or
power requirements. Additional memory
boards can be added to an expanded
digital motherboard as needs dictate.
Many easy changes could be made to the
hardware and software elements of the
system to satisfy most requirements for
large scale, high speéd data acquisi-
tion activities in hostile environ-
ments.
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