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" Preface

This thesis is an inQestigation inte a second generation Inflight
Physiological Data Acquisition System sponsored by the School of Aero-
space Medicine (SAM) at Brooks AFB, Texas. The investigation entailed
designing, building, and testing both the hardware and the software for
a microprocessor-based prototype system. The resulting prototype, pre-
sented in this report, is a complete data acquisition system including
the sensor interfaces, the microprocessor, and a permanent memory device.
The body of the report is written in general terms for the user at SAM;
a more detailed description including circuit diagrams, program listings,
and technical discussions is givep in the appendices.

This project would not have been possible without the encouragement
and help of a number of people. We would like to acknowledge the
individuals who helped to make this thesis a reality.

We are indebted to Dr. Mathew Kabrisky, our thesis advisor, who
gave us the guidance and enthusiasm to pursue this project. We are
grateful to Dr. Gary Lamont, Capt Mike Weber, and Capt Chuck Cornell
whose suggestions and assistance helped immeasurably. We would also
like to thank Bob Durham and Dan Zambon for their superb technical
assistance. We are also grateful to the personnel from the Crew
Technology Division at SAM for their support in obtaining the hardware.
Our gratitude also goes to Al Haun of Analog Devices for his assistance
with the data acquisition module and to Jack Capehart at the ASD computer
center for his assistance in transferring the operating system to PROM.

Our deepest gratitude goes to Steve's wife, Cindy, and to Greg's
wife, Sue, and son, Jason, for their continuing encouragement and

patience while we pursued this project.
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" Abstract

This paper discusses a second generatign microprocessor-based
prototype system to acquire, analyze, and store selected environmental
and physiological data from a pilot during flight. The Aircrew Inflight
Physiological Data Acquisition System (IFPDAS) II consists of an input
multiplexer and analog-to-digital converter, a heart rate detector, a
microprocessor, and a permanent memory device. The microprocessor's
operating system monitors eight sensors, extracts desired information,
and stores these reduced data in permanent memory. .After the flight,
these data are transferred to a land-based computer which completes the
data processing and graphs the following environmental and physiological
information versus flight time: (1) cabin absolute pressure, (2) cabin
altitude, (3) Z-G's, (4) heart rate, (5).breathing rate, (6) minute
ventilation volume, (7) inspired oxygen quantity, and (8) expired
oxygen quantity.

The completed IFPDAS II prototype provides the desired information
well within the required accuracy. It provides the following parameter
ranges: (1) heart rate from 53 % .1 to 225 L 2.2 b/min, (2) breathing
rate from 4.7 = .1 to 50 % 1 b/min, (3) minute ventilation volume from
0 to 100 < 2 1/min, (4) absclute pressure from 0 to 760 Io2m Hg, and

(5) G's from -3 to +12 = .1 G.

xi




o pormns

AIRCREW INFLIGHT PHYSIOLOGICAL DATA ACQUISITION SYSTEM II

I Introduction

Background

The Crew Technology Division of the USAF School of Aerospace Medicine
(SAM) at Brooks AFB, Texas, has recognized the need to relate pilot
activity to physiological measurements, to apply these relationships to
predict aircrew effectiveness, and to formulate equipment design and use
criteria to optimize that effectiveness in present and projected flying
roles.

Current System. SAM currently has an "Aircrew Inflight Physio-

logical Data Acquisition System" (IFPDAS) which records seven analog

functions on cassette tape:

1. A standard time code (to correlate flight events and
physiological effects);

2. Pilot voice;

3. ECG;

4. Cabin pressure;

5. Oxygen consumption;

6. Expired flow;

7. Vertical acceleration.

The IFPDAS consists of two subsystems: one to sense and record the data
(inflight), the other tc reproduce the data (on the ground - after the

flight). This data is then converted to digital signals and processed

by a digital computer.




There are several problems with the current IFPDAS. It was designed
and built using discrete components and is therefore not as reliable as
a system based on modern components. Secondly, it doesn't have the
capability to acquire triaxial G's, inspired flow volume, or separate
input and output oxygen concentrations. Finally, it is highly special-
ized and, therefore, inflexible without costly design modifications.

Currently, the IFPDAS hardware is being modified by the U.S. Navy.
This modification includes two additional analog functions as well as
some replacement of discrete components by integrated circuits. The
resulting modification should be more reliable; however, it still won't
have the complete desired capability and flexibility.

System Standards. Personnel at SAM have projected the design

requirements for the second generation system (IFPDAS II), due for

production in the early 1980's. IFPDAS II must provide the following

primary data:

1. Cabin pressure;

2. Time code;

3. G's (triaxial, if available);

4. Voice (this can be acquired separately if an all-
digital system can be designed).

In addition, this new system should provide the capability to assess

three or more of the following:

1. Inspired and expired flow;

2. Input and output oxygen concentrations;
3. Heart rate;

4. Mask pressure;

5. Garment pressure;

6. Body core temperature.




The desired range and accuracy for each of the sensors is included in
Appendix A. |

The IFPDAS II must meet several other system specifications. It
must accept probe inputs from 0 to 5 volts which correspond to the
appropriate range of each function (for example, 0 - 760 mm Hg for
absolute pressure). It should provide a data acquisition time of at
least three hours, and it must be time-synchronized to correlate flight
events and physiological effects. The IFPDAS was designed to be carried
in the pilot's survival vest and, therefore, the original size restric-
tions must still be met. This means that IFPDAS II must be no larger
than 2'" x 5" x 9" and must be self-contained, with no external connections
to the aircraft. Finally, it is desirable to present a visual display

of the status of the device and its probes.

Scope of Thesis

The purpose of this investigation was to determine the feasibility
of implementing IFPDAS II as a completely digital system to eliminate
the mechanical drives and reduce the post-flight computations; and, if
digital implementation was practical, to update the existing equipment,
increase its reliability, and extend its capabilities.

Feasibility. A search of the current literature revealed that the
microprocessor is extending the capabilities of monitoring systems and
data acquisition systems in the medical and engineering fields (Ref 1,

2, 3, & 4). A microprocessor controlled system offers several excellent
features, the most important of which are flexibility and high reliability.

In order to modify the function of a microprocessor-based system, all




that is generally required is a change in the software, often with little
or no change in the hardware. In addition, the microprocessor can manip-
ulate the data, extracting the significant information, thereby reducing
the amount of permanent storage required. Finally, since the micro-
processor incorporates numerous digital functions onto a single unit,

or chip, it replaces an enormous number of discrete components, thereby
greatly increasing system reliability. For these reasons, the investi-
gation includes the development of a microprocessor-based IFPDAS II
prototype.

Assumptions. This IFPDAS II prototype was designed making four
assumptions. The first assumption is that the probes supply the desired
data. This assumption is required since it is not within the scope of
this investigation to redesign the probes. The second assumption is
that there is a maximum period of four hours during which data is
collected. This is required to establish the memory size needed to store
the data, and is justified since the current system is limited to four
hours - which personnel at SAM found to be satisfactory. The third
assumption is that continuous storage of the data is not required.
Instead, a periodic technique (i.e., every 10 to 30 secs) or a ''store-
on-significant-change' technique could be used. This, too, is necessary
to limit the memory size. This assumption should not limit the useful-
ness of the data since unchanging data is generally not interesting. It
is the changes in the data that are important, and both techniques will
detect the changes. In addition, it will generally take 10 to 30 seconds
to detect changes in, for example, heart rate or flow rate. The fourth

and last assumption is that the power and size requirements would not

ahiliech




have to be met for this prototype development. This is required so that
proven systems could be used for the development, with less emphasis
on their size or power consumption.

System Configuration. The minimum configuration for a microprocessor-

based digital data acquisition system would have to include a sensor, an
analog-to-digital (A/D) interface, a microprocessor, and a memory device.
When more than one sensor is required, the A/D interface becomes more
complex. In order to keep this interface to a minimum, the sensor inputs
can be multiplexed to one A/D converter, rather than using an A/D
converter for each sensor. This not only reduces the number of
converters, but reduces the numbgr of inputs to the microprocessor. The
multiplexer and single A/D converter configuration allows additional
sensors to be interfaced to the system without changing the basic

system hardware, while keeping the number of system components to a
minimum. These concepts were used to design the IFPDAS II prototype,
which consists of six major functional units as shown in Figure 1.

The multiplexer selects one from up to 16 different probe signals
as the input to the A/D converter. This converter transforms the analog
signal into a digital number which represents the signal for use by the
microprocessor (CPU). The heart rate detector (implemented in hardware
for required accuracy ~ see ECG section of Chapter II) supplies the CPU
with a number representing the heart beat interval. The CPU combines
these numbers with previous data (stored temporarily in the CPU memory),
extracts the desired information, and stores the desired result in

permanent memory.
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The microprocessor performs two major functions: data manipulation
and system control. Both of these functions are implemented by a
software program, called the operating system, which is stored in the
CPU memory. The operating system directs selection of the proper
input probe, initiates conversion of the analog signal, and routes
data to and from both CPU and permanent memory. The operating system

also ensures proper interpretation and reduction of the data.

The remaining chapters discuss the IFPDAS II prototype with respect
to its hardware, the general algorithms designed to acquire the data,
the post-flight data reduction, and the tests of the prototype system.

Recommendations for further system development are also given.




v

II Hardware

Several microprocessors (including the Z80, the TMS9900, the 8080,
and the 6800) were considered for use as the central processing unit for
the IFPDAS II prototype. Intel Corporation's 8080A CPU has several
advantages over the other microprocessors which make it the best choice

for the system CPU. A major advantage is that the 8080 is a well estab-

" lished, low cost, highly reliable microprocessor (Ref 5:44-45) which

readily integrates with Intel's general purpose peripherals. These
peripherals provide a variety of special functions (such as timing and
external interfaces) which, together with the 8080, make up a complete
computer system. In addition, the devices selected for the A/D interface
and the permanent memory had already been interfaced to the 8080. Other
considerations include the author's previous experience with the 8080 and
the support software available on AFIT's computer system. One final
advantage is Intel's new generation 8080A - the 8085 — which is 100%
software compatible with the 8080 and integrates several functions of the
8080 system onto a single chip (Ref 6:109-113, Ref 7).

The IFPDAS II prototype consists of four major hardware components:
Intel's SBC 80/20 (a single board computer containing the 8080 and
several peripherals), the DAS 1128 Data Acquisition Module, the sensor
interfaces, and the permanent data storage device. Each of these
components will be described in the following sections. IFPDAS II

prototype characteristics are listed in Appendix A.
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SBC 80/20
Intel's 8080-based single.board computer SBC 80/20 was purchased.
This allowed engineering development of the IFPDAS II prototype using
a proven computer system rather than devoting time to fabrication and
testing of a specialized computer system.
The SBC 80/20 is a complete computer system on a single 6.75-by-
12 inch printed circuit card. The CPU, system control functions, CPU

memories, input/output (I/0) interfaces, interval timers, and interrupt

controller all reside on the board (a block diagram of these functions

is shown in Figure 2). The CPU functions have been discussed in the
section on system configuration; each of the peripheral devices will
be introduced in the remainder of this section. (Specific design and
operational characteristics are discussed in Appendix E.)

The CPU memory consists of two types of memory: read/write memory
(RAM) and read-only memory (ROM). Unlike the read/write memory, the
read-only memory is non-volatile, which means that a program or data
stored on the ROM will not be lost by turning the power off. For this
reason, the operating system will be permanently stored in ROM. Read/
write memory is used like a scratch pad by the CPU. Previous data
samples, intermediate calculations, and event counters are stored on this
temporary memory for later use by the CPU. Any data stored in RAM would
be lost if power failed; however, the operating system would recognize
the loss of power and reinitialize the system when power is restored.

Communication with the input devices (the data acquisition module
and the heart rate detector) is accomplished through two 8255 Program-

mable Peripheral Interfaces. These 8255s receive data over 8 or 16 data
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Caisis

lines when informed by an external device that the data is ready for
input. The 8255s store the data, indicate to the CPU that the data is
available, and transfers the data to the CPU upon request.

Communication with the current memory device (the Hazeltine video
terminal) is accomplished through the 8251 Programmable Communication
Interface. This device communicates with external devices over a
standardized (RS232) interface. (The use of this standardized interface
allows communication with any RS232-compatable devicé - not just the
Hazeltine.) The rate of transfer (baud rate or bit rate) and format of
the data is controlled by the system software.

Timing and frequency division are accomplished by the 8253
Programmable Interval Timer. The 8253 contains three independent
timers, each of which is programmed by the operating system. One of
the timers is configured as a real time clock which informs the CPU
of every 50 msec interval. The other two.timers are used as frequency
dividers, slowing the system clock to required frequencies. One of the
resulting frequencies is used to establish the baud rate for the 8251
communications interface. The other is used as the clock for the heart
rate detector.

The last peripheral device contained on the SBC 80/20 is the 8259
Programmable Interrupt Controller. An interrupt is notification to the
CPU by an external device that an event has occurred or that the device
requires servicing (Ref 8: Ch 5, 8-33). The 8259 intercepts the inter-
rupt request from the external device, and it informs the CPU that the
interrupt has occurred and where the software service routine can be

found.

11
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DAS 1128 Data Acquisition Module

The DAS 1128 is a self-contained data acquisition system manufactured
by Analog Devices. This compact module was selected for use in the
prototype since it is a proven system which readily integrates with the
8080 through the 8255. It contains an analog input multiplexer, an A/D
converter, and all of the timing and control circuitry needed to perform

the complete data acquisition function (Figure 3).

Strobe
m A control —oFEOC
o—yq .
o— Signal i
16" | pulti- v ‘

Inputs: | plexer Analog tn | 7o
Qe st ENGtal . =12 580
e Converter &clac

Fig. 3. DAS 1128 Functional Diagram

Seven physiological and environmental analog signals are input to
the signal multiplexer. The multiplexer is directed by the CPU (via the
STROBE ihput) to select these signals sequentially. Conversion of the
selected signal is started when the module is triggered by the CPU (via
the TRIG input). (These CPU commands are transmitted by the 8255 to the
DAS 1128.) When the conversion is complete, the output of the A/D
converter is a digital representation of the 0 - 5 volt input, accurate

to within 10 mv of the input signal. (This provides the required
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accuracy as listed in Appendix A.) At this time, an "end-of-conversion'

(EOC) is returned to the 8255, signifying that the digital data and

associated sensor identification are ready for transmission. Each
conversion requires approximately 25 microseconds, which would allow

a maximum of 40,000 conversions per second. This is more than adequate
since the current application requires only 1120 conversions per second.
(This is based on a sampling rate of 20 Hz. If a faster rate is desired,
the IFPDAS II could sample the maximum 16 inputs at over 70 Hz.) The

electrical and interface configurations are discussed in Appendix F.

Sensor Interfaces

The IFPDAS II prototype accepts eight physiological and environ-
mental sensors. These probes measure partial pressure of oxygen inhaled
and exhaled, respiratory flow rate (expired), triaxial G's, absolute
pressure, and ECG. A mask and two oxygen partial pressure sensors
(Beckman OM11) were provided by SAM at Brooks AFB, TX. An accelerometer
(Sstatham F-15-340) was obtained from the Aerospace Medical Research

~Laboratory (AMRL) at Wright-Patterson AFB, OH; and the ECG leads were

available in AFIT's Bioengineering Laboratory. (The flow rate and
absolute pressure sensors were not available.) Each of the available
probes was interfaced to the prototype and is discussed in the following

sections.

Oxygen Partial Pressure. The oxygen sensors are located in the

mask/hose assembly in the same configuration used for the original
IFPDAS (Ref 9:24-25); however, the oxygen information has changed.

IFPDAS I provided a measurement representing the instantaneous difference




between the inspired and expired oxygen partial pressures. This is not
the information desired; therefore, IFPDAS II provides two measurements,
one representing the inspired and one representing the expired oxygen
partial pressure. The OM11l sensor output is amplified to provide a

0 - 5 volt signal corresponding to a pressure range of 0 — 760 mm Hg

of oxygen.

The OM11 sensor has an 800 msec response time for a 0 to 100% oxygen
transition. This is an acceptable time for the present application;
however, it is too slow for a breath-by-breath analysis. A complete
circuit description of the amplifier is included in Appendix G.

Included also is a circuit to reduce the response time to 100 msec,
which would be sufficient for a Sreath—by-breath analysis, if desired.

Acceleration. The IFPDAS II prototype was designed to monitor the
acceleration forces in all three dimensions. AMRL at Wright-Patterson
AFB has mounted three uni-directional accelerometers on a breast plate
(Ref 10) to provide the triaxial G's. Only one sensor was available,

i so only one amplifier was constructed and tested. However, the other
two amplifiers (required for full triaxial G measurement) would be

é identical to the one actually built. The full range of the Statham

; accelerometer is -15 to +15 G's. The amplification circuit offsets this
range and provides a 0 - 5 volt signal which corresponds to -3 to +12

G's. A complete circuit description of the accelerometer interface is

given in Appendix G.

ECG (Heart Rate). IFPDAS I stores the complete ECG on cassette

tape for later analysis. This recording is only reliable enough to

provide information for heart rate calculation, by hand, on the ground.

14
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Normally, the heart rate is the desired information; therefore a heart
rate detector was designed and'built for the IFPDAS II prototype. This
detector provides a digital representation of the heart rate, along
with the provision to record the entire ECG waveform with a separate
analog recorder, if desired. The heart rate information is derived by
sounting the time interval between detected R-waves. This count is
ﬁassed to the CPU, through the second 8255. A functional diagram of the

heart rate detector is given in Figure 4.

1
[ R It { s
o—| nterva 8255
Amp —wave
EC2C5 Ftlter Det s Counter
leads - o %—?
3°—Q7 Vref 225 Hz Cloc

Fig. 4. Heart Rate Detector Functional Diagram

This heart rate detector was designed to provide a maximum amplitude
R-wave signal, while eliminating base-line shifts and reducing muscle
artifacts. The base-line shifts and muscle artifacts are undesirable
since they add extraneousNSignals and make accurate R-wave detection
very difficult. The lead placement shown in Figure 5 is a compromise

placement which provides a good QRS-wave least disturbed by muscle

artifacts.
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Fig. 5. ECG Lead Placement

Figure 6 shows typical ECG's provided by the amplifier, along with
the associated R-wave detector output. Figure 6a was recorded with the
subject at rest, while Figure 6b was recorded with the subject exercising
heavily on a stationary bicycle. As can be seen from these figures, the
R-wave detector provides a highly reliable R-wave indication even under
exercise and movement conditions more severe than a pilot would experience
during a flight.

The output of the R-wave detector is used to trigger a counter,
which counts the time interval between R-waves. When a subsequent R-
wave is detected, this count is passed to the 8255 and the new count is
started. Appendix G contains a complete electrical description of the

ECG amplifier, R-wave detector, and interval counter.
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Fig. 6a. ECG & R-wave Detector Output (Rest)
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Data storage

A ve- »ty of current data storage devices were considered. Several
of these were eliminated because of their physical size (magnetic core
memory), volatility (RAM, charge-coupled devices), or impracticality
(PROM). The only devices considered practical for use on the IFPDAS II
prototype were magnetic tape (either wafer or standard cassette) and
magnetic bubble memory. (Product information for the two tape storage
systems is given in Ref 11, 12.) Both of these storage devices provide
non-volatile storage, large capacity, and small size. The magnetic
bubble memory was selected over the cassette tape systems in order to
provide a completely digital system with ii0 mechanical drives.

Bubble Memory. Bubble memories have several characteristics which

make them ideal for use as a mass memory system in this application.

These attributes result primarily from the semiconductor-

like processing used to fabricate bubble devices in

conjunction with their non-volatile nature. ... Some of

the important features resulting from the semiconductor-

like processing include reliability, small size, fast

access time (relative to electro-mechanical mass storage

devices), low cost, and small incremental capacity. ...

By virtue of its non-volatility, the bubble device offers

removability, asynchronous access, and low power. (Ref 13:1)

Bubble memory systems are still in the developmental stage. It is
expected that a complete memory system, including two bubble memories
(capable of storing 184,000 bits of information) and all of the system
controls and interfacing, will fit on a single 4.5" x 6" x .75" printed
circuit board. It is also expected that the power required to operate
the system will be approximately three watts. The IFPDAS II prototype

only stores data for 10 msec every 10 sec which would allow the CPU
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to turn off the memory system during periods of non-storage -~ thus
significantly reducing the power consumption.

Texas Instruments supplied circuit diagrams for the bubble memory
controller and functional timing generator (Appendix H). These circuits
were wired on a component board and interfaced to the SBC 80/20. Due
to limited bubble memory production and procurement difficulties, a
complete bubble memory system could not be obtained in time to interface
to the IFPDAS II prototype. For this reason a'temporary storage method
consisting of a Hazeltine 2000 video terminal and digital cassette
recorder was used.

Hazeltine Video Terminal. The Hazeltine video terminal communicates

with the 8251 Programmable Communication Interface discussed in the SBC
80/20 section of this chapter. The operating system transforms the data
into a standard format (seven-bit ASCII code) which is sent to the video
terminal and displayed on the video screen. This visual display was a
valuable developmental tool because it allowed easy interpretation of the
data for validating the software operations as well as checking the
accuracy of the stored data. This temporary '"storage'" technique was
used until the system was operating as desired. Then data was collected
by displaying it on the video screen and automatically copying it perma-

nently on a digital cassette tape. (Appendix C describes the transfer

process.) This digital tape represents the final storage of the "inflight"

data, which is ready for '"post-flight' conversion and graphic display.
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The IFPDAS II prototype hardware configuration includes the séc
80/20 printed circuit board; and a component board containing the
DAS 1128, the heart rate detector, and the bubble memory function
timing generator. The analog interfaces that provide the 0 - 5 volt

signals are packaged in a 3" x 4" x 5" chassis.




III General Algorithms

Introduction

The operation of the hardware discussed in the previous chapter is
under the control of a software program called the operating system
(Appendix B). Execution of the operating system by the CPU results in
initialization of the system and acquisition, reduction, and storage of
the data. The operating system selects the proper input sensor, starts
the A/D conversion, and inputs the data for reduction and permanent
storage. In addition, it ensures that the proper subprogram, or service
routine, receives the data.

The biggest constraint on the IFPDAS II is the amount of available
permanent storage for the acquired data. Because of this limitation, it
is not possible to store the complete waveforms, or even continuous
samples of these waveforms, for the desired four hour period. For this
reason, a periodic technique (storing the data every ten sec) was used.

Three of the service routines must sum the input data for each ten
second interval. In order to constrain the ten second sum to 16 bits of
storage, it was necessary to sample no more than 256 times during the 10
second period. A sampling rate of 20 Hz (200 samples in 10 sec) was
selected because the input signals change very slowly (less than 5 Hz).

Data are collected from each input signal every 50 msec using a
noise-reducing digital filtering technique. This technique consists of
taking 8 consecutive samples of the waveform in .5 msec and averaging

these 8 samples to produce the 50 msec reading.
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In order to collect data from each input signal at the 20 Hz rate,
the operating system sets a hardware timer which interrupts the CPU at
the end of 50 msec. This interrupt informs the CPU to start the service
routine sequence;

The remainder of the chapter discusses the sensor service routines

and the additional system support software.

Service Routines

There is an independent service routine for each input probe since
different information is required from each sensor. Each service routine
accepts the 50 msec reading from the averaging routine and performs the
required operations to prepare the data for permanent storage.

The following sections discuss the information to be extracted from
the input waveforms and the algorithm used in each service routine to
reduce the data to the desired form.

PO2IN. The personnel at SAM need to assess the pilot's oxygen
consumption during flight. One of the required quantities needed to
compute this consumption is the amount of oxygen inspired during each
breath. To accurately compute the quantity of oxygen inspired, the
oxygen partial pressure and the inspired flow rate are required.
Currently, the mask/hose assembly does not contain a sensor to measure
inspired flow; therefore, a program to approximate the quantity of
inspired oxygen was written.

The PO2IN service routine was written to sum all of the inspired
partial pressure readings for the ten second period and store the sum

for averaging after the flight. This sum is then used in conjunction




with the expired flow rate (assuming equal inspired and expired rates) to
compute the oxygen intake. (Appendix I discusses a single breath analysis
method for computing oxygen uptake.)

PO20UT. The second required quantity needed to compute the pilot's
oxygen consumption is the amount of carbon dioxide produced during each
breath. Current carbon dioxide sensors do not lend themselves to
inflight applications due to their size and weight; therefore, an approx-
imation of the expired oxygen quantity had to be made.

The PO20UT service routine sums the expired partial pressure
readings for the ten second period and stores the sum for the post-flight
conversion, which is similar to the PO2IN methods. (Even though the PO2IN
and PO20UT service routines are inaccurate in their analysis of the
oxygen quantities, the sensor interfaces and data handlers were success-
fully exercised and produce approximate values. A single breath analysis
method for computing the expired oxygen quantity is included in
Appendix I.)

Flow Rate (FLWRT). The third quantity required to compute the

oxygen consumption is flow volume. A probe in the oxygen mask/hose
assembly measures the expired volume flow rate, which can be integrated
with respect to time to obtain flow volume.

The integral of the flow rate waveform can be computed by using a
rectangular approximation technique, since there is very little change to
the flow rate signal during a 50 msec interval. The FLWRT service
routine sums and stores the 200 flow rate readings for subsequent
multiplication (after the flight) by the known 50 msec interval to

produce the resulting integral.
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Absolute Pressure (ABSPR). The final quantity required to compute

the oxygen consumption is the cabin absolute pressure. This is necessary
in order to compensate the flow rate reading for altitude and also to
compute percent oxygen in the inspired and expired air. The ABSPR
service routine stores a representation of the cabin absolute pressure
every ten seconds.

Breathing Rate (BRRT). The BRRT service routine uses the flow rate

sample for breath detection. The routine determines when the exhaled
breath has stopped and marks this event as the start of a new breath.
The interval between breaths is counted and stored.

X, Y, & Z G's. These service routines search for the maximum and
minimum acceleration in each direction during the ten second interval.
In order to reduce the effects of transient G impulses, each routine
averages eight readings before comparing to the previous minimum and
maximum values.

Heart Rate (HEART). The HEART service routine checks to see if the

heart rate circuit has input a new heart beat interval. If a new count
is available, it is read in and stored. Eight heart beat counts are

averaged together to provide a representative heart rate.

System Support Software

In order to form the complete operating system, several additional
routines are necessary. These routines initialize the IFPDAS Ii
prototype, correct detectable errors, store the data on the permanent

storage device, and provide the additional support required by the

service routines.




Power-up Routine. This routine is executed when the hardware detects

that power has been applied to the IFPDAS II prototype. This program
configures the IFPDAS to its data acquisition function. This includes
programming the 8251 communication interface, the 8255 input ports, the
8253 timers, and the 8259 interrupt controller as described in the hard-
ware chapter. The DAS 1128 is initialized so that probe "0" is the first
to be sampled when the service routine series is started. The final
tasks accomplished by the power-up routine are the initialization of the
scratch pad storage and the initiation of the service routine series
(program loop).

Error Routine. The operating system must ensure that the executing

service routine is receiving data from its associated probe. Each service
routine accomplishes this by checking the sensor identification infor-
mation. If the service routine and sensor are mismatched: the operating
system must select the proper sensor and return to the program loop.

This is accomplished by the error routine.

Permanent Data Storage Routine. The operating system keeps track

of the running time, and schedules the storage routine every ten seconds.
The storage routine transfers a timing preamble and the data computed

by the service routines from the scratch pad storage to the permanent
storage device. The data is converted to the ASCII code required by the
Hazeltine video terminal, and is transmitted over the RS232 interface.
After all of the data is transferred, two control characters are trans-
mitted which directs the Hazeltine system to write the data from the
video.screen onto the digital cassette tape. Finally, the scratch pad

storage area is reinitialized. The data storage routine is the only

-



device-dependent program in the operating system and is, therefore, the
only module that will require modification when the new memory system

is interfaced.

All of the service routines and system support software are stored
on a single 2708 Erasable and Electrically Programmable Read Only Memory
chip. This allows program modification by simply erasing and reprogram-

ming the memory.




IV Post-Flight Data Conversion

The post-flight conversions are accomplished by a land-based
computer after the flight. The data from the memory device is trans-
ferred to the computer where a program completes the data conversion
and displays the desired information in graphic form. The form of this
display (list, tabular, plot versus time, etc.) can be varied by
changing the program.

This investigation utilized AFIT's computer system as the land-
based computer. The data from the digital cassette tape is transferred
to the computer (Appendix C) for the '"post-flight' conversions. A
FORTRAN program (Appendix D) reads in this data, converts it back to
basic form, completes the calculation of the desired information, and
displays this information in graphic form. Three environmental and
five physiological parameters are graphed versus time by this conversion
program. These are absolute pressure, cabin altitude, Z-G's, heart rate,
breathing rate, minute ventilation volume, and inspired and expired
oxygen volumes.

The following sections describe these calculations and include a

representative graph of the parameter.

Absolute Pressure

The absolute pressure data is a number from 0 to 250 which is

directly proportional to a pressure range of 0 to 760 mm Hg. The data
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is converted to actual cabin absolute pressure using the following

formula:

(data)

abs pressure (mm Hg) = X 760 (1)

250

The cabin absolute pressure is plotted versus time, as in Figure 7.

Cabin Altitude

The absolute pressure data is also used to compute cabin altitude.
There is not a simple mathematical relationship between data in mm Hg
and altitude in feet (Ref 14:587); therefore, an approximate relation-
ship was derived using linear regression techniques. A logarithmic

curve of the form
y =a+b 1n(x) (2)

was found to provide the best fit. For the altitude range of 0 to
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