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Preface

This thesis is an investigation into 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 given 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 immeactirably. We would also

like to thank Bob Durham and Dan Zainbon for their superb technical

assistance. We are also grateful to the personnel from the Crew

Technology Division at SAN 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 generation 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 ± 2.2 b/mm , (2) breathing

rate from 4.7 .1 to 50 1 b/mm , (3) minute ventilation volume from

+ . +0 to 100 — 2 1/sun, (4) absolute pressure from 0 to 760 — 2 mm Hg, and

(5) C’s from —3 to +12 ± 1 G. 
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I

AIRCREW INFLIGHT PHYSIOLOGICAL DATA ACQUISITION SYSTEM II

I Introduction

Background

The Crew Technology Division of the USAF School of Aerospace Medicine

(SAM ) at Brooks MB , 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 Infli ght 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;
5. ECG ; +

4. Cabin pressu’e;
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 to reproduce the data (on the ground — after the • -

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

by a digital computer.

1 
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- 
- There are several problems with the current IFPDAS. It was designed

~ L
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 I I) ,  due for

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

primary data: -

1. Cabin pressure;
2. Time code ;
3. C’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;

0 4. Mask pressure;
5. Garment pressure;
8. Body core temperature.

2
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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 ~tnd, 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, C 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

3
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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

4



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.

~ystem Configuration. The minimum configuration for a microprocessor—

based digital data acquisition system would have to include a sensor, an

analog—to—digital (AID) 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 number of inputs to the microprocessor. The

multiplexer and single AID 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.

S 
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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.

7
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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 AID 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 AlIT ’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.

8
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• ~ SBC 8O/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/O) 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 RaM. 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.

Co~~unication with the input devices (the data acquisition module

and the heart rate detector) is accomplished through two 8255 Program—

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

9



____________________ 00~~~~~~~ +~~~ 0 — ~~~-‘-“-‘ - ~~~~ 0~

r

a,
•~~ QD

~~~ 
c

~~~ ~~~~~~~ 
t
~ E,__

2 E ~~~. 
0 -..

o ‘-

_ 11r11
I~~ j1~~~~~~~

a
E ~‘~~-LA

0 &.

ft® ft®

(1

10

_ _ _ _  - - • -•~~~~~ • - --- ~~~~~~~--



r 
0 0 0 0 0 0 -• — - - •

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 aevice (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 device — not j us t  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 mmcc 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/fl

converter, and all of the timing and control circuitry needed to perform

the complete data acquisition function (Figure 3).

- 
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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 input) to select these signals sequentially. Conversion of the

selected signal is started when the module is triggered by the CPU (via

the i~~Th 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 my of the input signal. (This provides the required

12
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accuracy as listed in Appendix A.) At this time, an “end—of—conversion”

(~~~~~~ ) 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 F
pressure, and ECG. A mask and two oxygen partial pressure sensors

(Beckman OM11) were provided by SAM at Brooks AIR , TX. An accelerometer

(Statham F—15—340) was obtained from the Aerospace Medical Research

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

available in AlIT’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

13
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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 OMit sensor output is amplified to provide a

o — 5 volt signal corresponding to a pressure range of 0 — 760 smi 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 breath—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

APB has mounted three uni—directional accelerometers on a breast plate
+ 

(Ref 10) to provide the triaxial G’s. Only one sensor was available,

so only one amplifier was constructed and tested. However, the other

two amplifiers (required for full triaxial G measurement) would be

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

0’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

‘~ounting the time interval between detected R—waves. This count is

passed to the CPU, through the second 8255. A functional diagram of the

heart rate detector is given in Figure 4.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

J~~

~“ref 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 extraneous signals 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.

15 +
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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. A~ 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.

I
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Data Storage

¼ - 
A v~~ ity 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 ~io 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

18
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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 Razeltine 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.

19
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The IFPDAS II prototype hardware configuration includes the SBC

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.

I
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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 nisec 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 macc reading.

21
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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 macc 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 th. flight. This sum is then used in conjunction

22 
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ç with the exp ired 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.)

PO2OUT. 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—

iaation of the expired oxygen quantity had to be made.

The PO2OUT 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 PO2OUT 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 x . )

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 asec 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

c~~~ute 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 0’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

I -
+ 

service routines.
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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

prograimning 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 ioop.

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

25
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+ t+ ,. 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

26
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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 AlIT ’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 alt itude , 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

27
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I

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+bln(x) (2)

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

25 ,000 feet , the following equation was used :

altitude (feet) = 170,156 — 25 ,685 ln(abs pressure (mm H g ) )  (3)

This equation is accurate to within 275 feet for the 0 to 25,000 foot

range. A sample cabin altitude versus time plot is shown in Figure 8.
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Z—G’s -

The acceleration data is a number from 0 to 250 which is directly

proportional to a range of —3 to +12 G’s. The data is converted to

actual G’s using the following formula:

1 (data) 1
acceleration (G’s) = X 15 ) — 3 (4)

1 250 J

(The —3 term is necessary to correct for the 3 0 offset of the

acceleration circuitry.) Minimum and maximum Z—G ’s ( for each ten

second interval) are plotted on the same graph, as in Figure 9. (The

graphs for X and Y—G ’s are similar and are not included.)

Heart Rate

The heart rate data is an average number of 4.44 msec (1/225 Hz)

counts between detected R—waves. This number is converted to the heart

rate using the following equation:

p

1
heart rate (b,eats/min) = X 60

(4.44 msec)(count )

225 Hz
X 60 (5)

(count )

An example of the heart rate plot is shown in Figure 1)•
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Breathing Rate

The breathing rate data is similar to the heart rate data, except

that each count represents 50 msec. The breathing rate is calculated

from the number of 50 insec counts in the following manner:

1
breathing rate (breaths/mm ) = X 60

(50 msec)(count)

20 Hz
= X 60 (6)

(count)

The sample breathing rate graph is given in Figure 11.

I
Minute Ventilation Volume

The flow volume equations were derived for the original IFPDAS

(Ref 9:5). The equation for flow volume rate (F) is

760 mm
F = Vf (volts) X (24.8 1/mm /volt) X (7)

abs pressure

(The square root term corrects the flow volume rate for actual altitude.)

The 50 msec volume flow rate reading (R) is a number from 0 to 250 which

is directly proportional to a flow rate from 0 to 124 1/mm . Each R

could be used to compute an incremental flow volume expired during that

50 macc interval:
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R 760 mm Hg
volume/SO macc (1) = — X (124 1/mm ) X

250 abs pressure

.05 sec
I (8)

+ 60 sec/mm

S~~~ing each of the incremental volumes provides the flow volume for

the ten second interval:

- 
ç~~° ~ 

IL 1 760 mm Hg
volume/jO sec (I~) = 2 ( .—~~.- X (124 1/mm ) X

1 250 + abs pressure

.05 sec
x (9)

60 sec/mm J

or,

- 

~ 
124 1/mm 760 mm Hg .05 sec

volume/lO sec (1) = x x
250 abs pressure 60 sec/mm

+ 

R
~ 

(10)

1=1

The summation term is the value calculated and stored by the IFPDAS II

prototype. Combining constants, Eq (10) reduces to
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a

(s~~~ation) +

volume/b sec (1) = .0114 I (ii)

llabs pressure

In order to obtain the desired minute ventilation volume, six

10—second volumes are summed. Minute ventilation volume is plotted

versus time, as in Figure 12. -

0~ rgen Volumes - 

-

The inspired and expired oxygen partial pressure data is a sum of

the 50 msec readings. This sum is divided by the number of readings,

which gives an average oxygen partial pressure reading for the ten

second period : 
-

sum +

- avg reading = — (12)
200

This average reading is a number between 0 and 250 which is directly

proportional to a pressure range of 0 to 760 mm Hg. This data is

converted to the fractional amount of oxygen in the air as follows:

~ avg reading 1 /
fraction 02 = ( X 760 ) / abs pressure (13)

1 250 J 1

The quantity of oxygen in the inspired or expired air is then computed by

( 
- quantity of 02 (1) = (fraction 02)(minute vent vol (1)) (14)
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Combining Eqs (12), (13), and (14)

sum X 760
quantity of 02 (1) = (mm vent vol) (15)

200 X 250 X (abs pressure)

or’

(sum ) x (mm vent vol )
quantity of 02 (l) = (16)

65.79 X (abs pressure)

The inspired oxygen quantity is graphed in Figure 13; and the expired

oxygen quantity is graphed in Figure 14.

The graphs provide a means for easy correlation of the aircraft’s

pressure altitude and acceleration, and the pilot’s heart rate, breath—

ing rate, minute ventilation volume, and oxygen consumption.
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V System Tests

The IFPDAS II prototype was continually tested during development.

Each program module, and each sensor interface, was checked individually

both before and after system integration. After all of the modules and

available interfaces were integrated, the IFPDAS II prototype was

tested as a complete system. The following sections describe the

developmental and final tests.

Developmental Tests

Each of the software modules was designed, coded, and tested on

AlIT’s main computer system (an 8080 simulator was used to verify the 
-

software). The tests consisted of inputing simulated data to check that

the modules were manipulating the data properly. After these tests,

the programs were transferred to the IFPDAS II prototype’s memory.

Then the DAS 1128 was interfaced to the prototype and its conver—

sion and input selection functions were checked. Initially, the STROBE —

and ~~~~ signals were supplied by dig ital switches which were used to

manually step through the probe selections and start the AID conversion.

Then the operating system—supplied STROBE and TRIG signals (through

the 8255) were used to perform the same functions. Known DC voltages

were used as inputs to the signal multiplexer to check the accuracy of

the conversion. For example: with the input voltage at 3.00 volts, the

A/D converter output was 96H (150), where:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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150 -

— X 5.00 = 3.00 (17)
250

This testing ensured accurate conversion of the data by the DAS 1128

and proper manipulation of the data by the operating system.
.

After the operation of the DAS 1128 was verified, the data handling

technique of each of the service routines was tested by applying a

known DC voltage to the seven analog inputs. For the 3.00 volt example

listed above, the routines that sum the readings over the 10 second

interval (PO2IN , PO2OUT, and FLWRT) calculated a sum of 7530H (30,000),

where,

30,000
_______ = 150 (18)

200

Also, the ABSPR routine stored a reading of 96H. To check the X, Y,

and Z—G routines, two different DC voltages (3.00 and 4.00 volts) were
+ 

used during the 10 second interval. Each of the routines stored 96H

as the minimum reading and C8H (200) as the maximum reading. These

tests showed that the prototype hardware was functioning as designed and

that the operating system and its service routines were exercising the

desired control and providing the desired data.

The error handling software was checked by forcing a sensor/service

routine mismatch. The operating system identified this error and

scheduled the ERROR routine which selected the proper sensor for the

service routine. A test was also performed to determine how often the

- 43
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ERROR routine was being executed. The system was run for four hours

-+ which provided over two million chances for a sensor/service routine

mismatch. During the test period , the ERROR routine was never executed .

As each sensor interface circuit was developed, it was tested

independently. It was then connected to the IFPDAS II prototype to

test its integration with the system. Two sensors were not available

(absolute pressure and expired flow rate); therefore, their hardware

interface and software service routines could not be verified using

actual sensor inputs. However, simulated inputs were used for the

final tests.

The following sections describe the final tests of the completed

IFPDAS II prototype and their results.

Final Tests

Heart Rate. The heart rate detector was checked in the following

manner. ECG leads were attached to a subject and input to the detector.

+ The output of the ECG amplifier was connected to channel 1 of a Gould

Brush 440 strip chart recorder and the output of the R—wave detector was

connected to channel 2. This allowed simultaneous recording of the ECG

and R—wave detector outputs. Figure 15 shows a strip chart segment ;

and, a comparison of the IFPDAS II prototype calculated heart rate with

a manual computation directly from the chart.

The IFPDAS II prototype uses eight R — R intervals to calculate

a representative heart rate. The end of each averaging period was

marked on the strip chart using the “mark—event” indicator; and the

associated IFPDAS II calculation was recorded.
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The two calculations shown in Figure 15 are within .5% and are

~~pical of the IFPDAS 11 prototype’s accuracy (Appendix A). The

differences between the two are due to variances in the chart speed and

quantization of the count increment by the prototype.

Oxygen Partial Pressure. The oxygen partial pressure sensor

amplifiers were calibrated to indicate 152 mm Hg (1.00 volt). The

full scale range was then checked by exposing the OM11 sensor to a pure

oxygen source. The amplifier output was 5 volts, indicating 760 mm Hg

of oxygen. This 5 volt input (FAIl) was properly interpreted and stored

by the IFPDAS II operating system.

Acceleration. The Statham F—15—340 accelerometer was interfaced to

the IFPDAS II prototype through its amplifier. The sensor axis was

oriented to indicate acceleration in the vertical direction and the

output of the amplifier was adjusted to 1.33 volts (+1 G). The

accelerometer was then rotated 900 to simulate a zero—G situation;

and the output dropped to 1 volt (0 G’s). Finally, the sensor was

rotated an additional 9Q0 to simulate a negative G situation; and the

output dropped to .67 volts (—1 G’s). The IFPDAS II prototype recorded

the minimum and maximum G’s (within 0.1 G’s) during each ten second

interval of the test.

Absolute Pressure. As mentioned earlier, the absolute pressure

probe was not available for use on the prototype. For this reason, a

known DC voltage was used to simulate the absolute pressure input. As

before, the operating system stored the proper value.

Flow Rate. Since the flow rate sensor was not available, a .20 Hz

sine wave oscillator was used to supply the flow rate signal. The sine

46
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wave approximates the flow rate signal as shown in Figure 16. (The

samples of the negative portion of the sine wave are “0” since the A/D

converter input range is 0 — 5 volts.)

F(ow
rate 3

25 5 Z5 iQ~~ec

Sif t

~~~

Fig. 16. Sine Wave Approximation of Flow Rate Signal

The amplitude of the sine wave was set to 3.0 volts and the

frequency to .20 Hz using an oscilloscope. (The frequency was confirmed

by the breathing rate — see the breathing rate test.) The sum of the

200 readings ranged from 2535H to 253EH, averaging 253A11 (9530). The

corresponding approximation of the integral is -

(9530 counts) X .05 sec = 476.50 count—sec (19)

47
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Since there are 50 counts/volt,

476.50 count—sec
_______________ = 9.53 volt—sec (20)
SO counts/volt -

The exact integral yields:

2.5  sec 12
2 X J 3 sin(2fl(.2)t) dt =

0 
.4rf

= 9.55 volt—sec (21)

The approximation of the integral is within .3% of the actual value.

(This technique was also used to check the PO2IN and PO2OUT summing

routines, with the same accuracy.) -

Breathing Rate. The flow rate readings are used by the operating

system to determine the breathing rate. During the flow rate test, the

breathing rate routine recorded 64H (100) fifty msec counts per breath

which is one breath every 5 seconds, or 12 breaths per minute.

The test results show that the IFPDAS II prototype monitors the

sensor inputs accurately, and can extract and store the desired data.

Appendix A summarizes these results and discusses the prototype’s

accuracy.
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VI Suggestions and Recommendations

The 8K10103 Magnetic Bubble Memory System and the TMS9916

controller should be interfaced to the IFPDAS 11 prototype and tested .

This will allow evaluation of the IFPDAS II as a complete independent

system.

The data handlin~ technique for the bubble memory system will have

to be developed. This includes a software routine to format the data

and provide the commands necessary to store the data. In addition , a

data retrieval method must be designed. This could include direct

transfer from the bubble memory to a large land—based computer; or

transfer of the data to a digital cassette tape. Transferring the data

to cassette tape might be desirable in the field where access to a

large computer is unlikely. The transfer of the entire memory contents

would be accomplished by the IFPDAS Il’s 8080 microprocessor in a

matter of minutes, thus, freeing the bubble memory for another mission.

The data from the first mission is conveniently stored for later

analysis.

The tradeoffs between a magnetic bubble memory system and digital

cassette storage systems should be investigated further. This could

include acquiring a cassette tape system and interfacing it to the

IFPDAS. The performance of both systems could then be directly compared

in terms of speed, ease of data transfer, power consumption, etc.

There are several methods to select the “important” data for

reduction and storage, in addition to the one selected for the IFPDAS
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II prototype. Two others are a breath—by—breath analysis and a “store—

on—significant—change” technique. The breath—by—breath analysis would 
-

+

be similar to the method used in the prototype; except that the data

would be stored every breath instead of every ten seconds. A digital

differentiation technique could be employed to detect significant changes

in selected parameters. The operating system would then analyze the

change, then collect and store any required data. A thorough analysis

of expected flight profiles must be made in order to determine which of

the acquisition techniques, or combination of techniques, would be

most desirable for a given profile. (This profile analysis may also

effect the final choice of memory system.)

An absolute pressure sensor and a bi—directional flow sensor

should be acquired and interfaced to the IFPDAS II prototype. With

these sensors, and the present OM11 sensors, a more accurate analysis

of the oxygen consumption can be made. A suggested method incorporat-

ing a single breath analysis is given in Appendix I.

The prototype should be reduced to the IFPDAS II size restrictions.

This will include eliminating the unnecessary components on the SEC

80/20 board; and should include consideration of newly developed chips

which combine the functions of several chips into one unit. (An example

is Intel’s new 8085 microprocessor and component family. The components

on the SBC 80/20 board that are needed for the IFPDAS II system can be

replaced by three 8085 system chips. These components use only 3 watts

of power, can be placed on a 3.25” x 4.5” printed circuit board, and

are 100% software compatible with the 8080 (Ref 6:109—113).) Once the

configuration is reduced, the power consumption should be carefully

+ 
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considered. At this time, the complete IFPDAS II can be evaluated

against the design criteria specified by SAM.

Other areas that should be investigated further include: the

capability to record the pilot’s voice and synchronize it with the

data; a probe check routine which would give a visual indication if

the probes were not properly interfaced; and a standard test device

to bench—check the entire IFPDAS II operation. - -
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Appendix A

System Characteristics
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Table II

Prototype Power Supplies

SBC 80/20 + 5 VDC 5% • 3.5 Amps

— 5 VDC ± 5% @ .180 Amps

+ 12 VDC ± 5% @ .467 Amps

~~12 VDC ± 5% @ .l23 Aaps

DAS 1128 and
Sensor Interfaces: + 15 VDC ± 3% @ .050 Amps

— 15 VDC ± 3% @ .100 Amps

+5VDC ± 3% @ .500 Amps

- 
Table III

Memo~y ~~~

Hexadecimal
Address Use

0000 — 031W Operating System

03E0 — 03FF Interrupt Jump Table

0400 — OFFF Unused PROM

1000 — 37FF Not Used

3800 — 3BFF Unused RAM

3C00 — 3C2F CPU Scratch Pad Area

3C30 — 3F4F Unused RAM

3F50 — 3F80 CPU Stack Area

3F81 — 3FFF Unused RAM
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Table IV

Pin Connections for DAS 1128 Interface

SBC 80/20 Board Component Board

• Ji Pin J4 Pin -
Sian~l . . Signa• Connection Connection

Port 2 — Bit 7 2 52 8 Out

Bit 6 4 54 4 Out Mux
Bit S 6 56 2 Out Addr

Bit 4 8 58 l Out

Bit 3 10 60 B9

Bit 2 12 62 BlO

Bit i 14 64 Bli

Sit 0 16 66 B12 (LSB )

IBPA 18 68 N/C

STROBE 20 70 STROBE

IBFB 22 72 N/C

24 74

26 76 EOC

N/C 28 78 N/C

N/C 30 80 N/C

32 82 EOC

Port 1 — Sit 7 34 84 B1 (MSB)

Bit 6 36 86 B2

Bit S 38 88 B3

Bit 4 40 90 
- 

B4

Bit 3 42 92 B5

Bit 2 44 94 36
Bit i 46 96 B7

Bit O 48 98 B8

N/C 50 100 N/C

Odd numbered pins are GND
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Table V

Pin Connections for Heart Rate Detector Interface

SBC 80/20 Board Component Board

J2 Pin J4 Pin - 
2.Signal Connection Connection Signa

P o r t 2 — B i t 7 2 2 N/C

Bit 6 4 
- 

4 N/C

Bit S 6 6 N/C

Bit 4 8 8 N/C

Bit 3 10 10 N/C

Bit 2 12 12 N/C
- Bit t 14 14 N/C

Bit 0 16 16 N/C

IBFA 18 18 N/C

N/C 20 20 N/C

IBFB 22 22 N/C

N/C 24 24 N/C

STBA 26 26

N/C 28 28 N/C 
- 

-

N/C 30 30 N/C

32 32 N/C

Port 1 — Bit 7 34 34 B1 (MSB)

Bit 6 36 36 B2

Bit 5 38 38 B3

Bit 4 40 40 B4

Bit 3 42 42 B5

Bit 2 44 44 86

Bit i 46 46 B?

Bit 0 48 48 B8 (LsB)

225 Hz Clock 50 50 Clock

Odd numbered pins are GND
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- Table VI

Hazeltine Interface Connections

J3 Pin HazeltineSignal. Connection Connection Signal

Protective GND 2 1 Protective GND

Transmit Data 4 2 Transmit Data

Receive Data 6 3 Receive Data

R.quest to Send 8—i N/C

Clear to Send 10—I N/C

Signal GND 14 7 Signal GND

r 5 Clear to Send

+12 volts 22 f 6 Data Set Ready
I__ 8 Data Carrier Detect

Unused pins are not shown

Table VII

Other Characteristics

Maximum analog inputs : 16

Analog input impedence : >1010 ohms
- 

Analog input voltage : 0 — 5.12 volts

Sampling rate : 20 Hz
Machine cycle time : 465 nsec

Timer clock period : 930 nsec

Heart rate clock : 225 Hz

Transfer (baud) rate : 1200 baud

_ _ _ _ _  __~~~~~~~~~~~ •_
_i__ ~~~~ - ~~~~~~~~-. ---~~ ~~~~~~~~~~~~~~~~~~



_______________________ - -

- 
DA5 1128

- PIn conncctIo.~s
- aorro~

-IS~,. S I — —w .5v
2 ________

-
~~~~

- s
- 6

- 

- 

- 7 ~ 
Prob. 4~~_

- 8
-9
- 10

II V
- 

~~~~~ r—~~~ Hp 5082
- - 

~J _ J  13 NumeriC lnd1c~to?

• 

- 

-

- 

_ _ _

- 
. 

we- 19  Mu~ 8 
-

w0 20 r - ~~~ 
M4t~ 4 I.

we- 21 j
~~
—

~~ 
MUx 2 1

wC- ?2
J ~j Mux~~

7 3 1  7~ 23 —nc ‘

_ _ _ _ _  ~~~ 2~~
d~~~~~~~~~~ C

76 26 2( ~~.5v ‘

- 

- 

27 2. ~
4 c 2 8  a
r~ri ?9 2~94 X —~~~~ -— ~~~~~~~~

i~J ~~ 3, 
~~ 1~ J

fi~~1 
8t~ 07

U 
89

~~~~~~~8I2 

_ _ _ _ _  

8N~~~~~~~~

4 .

Pig. 17. DAS 1128 Interconnections and Interface

61

- - - -~~~~~~~~~~~—



r 
~~T ’T _ _ _ _

L 

~ L 
~~ ~~~ 1L’

~ N ‘k ~~~~~~~~~ _ii
1! L~ i c~ ‘c~ ‘

1~~~~~~ 
IL~ IL~ 1L

~~~~~~ 

I

i s o  — I~~~~
‘4. i.~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

- L ~ ~ ~ I. ~ I ~
_ 1 1 1 1 1  L

i-i

- 

-

_

I~~~~~ z 
~~~~~~~~~~~ - I  _

‘C
_ _ _  

I

~~~ L‘ft I
‘hi— - _

IflI I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _III.. Ilix 1.__ L _I_ j

62

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  - -- -~~-— -4



- - ---- - -- ---- --.--

~~~~

—-—-

Appendix B
- Operating System

The operating system controls the operation of the IFPDAS II

prototype hardware. 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 service

routine receives the data.

A flow chart of the operating system starts on this page ; a

listing of the program follows the flow chart .

(~~~
,er on InterruP)~~~

Initialize the
SBC 80/20 and

DAS 1128 hardware ,
and CPU memory

‘
I)

Set the 50
macc timer

I 
Halt

I Wait for 50 msec

L timer interrupt

Pig. 19. Operating System Flow Chart (Sheet 1 of 9)
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50 msec timer
interrupt

TSOMS: f Set the 50 - -

L macc timer

17
Start the next
conversion- - 17

Store PO2IN address
in NXTPR:

PO2IN —
~~~ NXTPR

SOC: Collect and average
8 samples

Obtain mux
address

PO2IN ABSPR
Branch

PO2OUT to service routine GZ

FLWRT in NXTPR 
GY

5

Gx
-

~~~~~~~~~~~~~~~~~~~~~

Fig. 19. Operating System Flow Chart (Sheet 2 of 9)

64



2

PO2IN:
Correct No
probe 10

Yes

Add reading to
running sum

Start the next
conversion

PO2OUT -
~~~~ NXTPR

1~

3 p

PO2OUT :
Correct No
probe 10

Yes

Add reading to
running sum

Start the next
conversion

FLWRT —
~~~~ NXTPR

1

(
1 Fig. 19. Operating System Flow Chart (Sheet 3 of 9)
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ILWRT: 
-

orrec No
probe 10

?

Yes

Add reading to
running sum

Start the next
conversion

GX -
~~~~~ NXTPR

BERT: - Increment the
breathing rate

count

New No
breath

Yes

Store count 1]
[

Zero the count]

Fig. 19. Operating System Flow Chart (Sheet 4 of 9)
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.

0
OX:

Correct No
probe 10

?

Yes

Average 8
readings

Yes Is
AVG <DIIN

9

No
AVG - 

~4IN

Yes Is
AVG > XMAX

No
AVG -

~~~~ XMAX

Start the next
conversion

GY -
~~~~ NXTPR

Fig. 19. Operating System Flow Chart (Sheet 5 of 9)
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GY:

Correct No
probe 10

Yes

Average 8
readings

Yes Is
AVG K YMIN

No

AVG L YMIN

Yes Is
AVG > YMAX

No

AVG -~~~ YMAX

T Start the next
conversion

GZ —.- NXTPR

Fig. 19. Operating System Flow Chart (Sheet 6 of 9)
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•
1
J

7

GZ:

Correct No
probe 10

Yes

Average 8
readings

Yes Is
AVG <. ZMIN

9

No
AVG ZMIN

Yes Is
AVG > ZMAX

No
AVG —~ ZMAX

Start the next
conversion

ABSPR —~ NXTPR

Fig. 19. Operating System Flow Chart (Sheet 7 of 9)
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ABSPR: 

- 

- - - - 

~~~~~~~~~ ect N~~~~~~
0 

-

Store the reading 7
HEART: Is there Yes

a new heart
rate ?

No
Average 8
readings

Store the
average

CNTCK: —__
~~~-_c~(~~

Halt
Wait for 50 msec
timer interrupt

Ptg. Ii. operating System Flow Chart (Sheet 8 of 9)

10
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STORE: 

-

Output timing preamble
- and all of the data

Initialize the
CPU scratch pad

Ii,

Halt
Wait for 50 msec
timer interrupt

ERROR :

Select proper
probe

Start the next
conversion

(NXTPR already
set )

FIg. 19. Operating System Flow Chart (Sheet 9 of 9)
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= L I

* ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* 
.

, C C
IFPOAS ~I DQOTOTYPE 

C
2 . OPERATING SYSTEM
$ C C
2 C

2 *.•.•. C.4..C.C*.*~~..C..* .CCCCCCCC

2
2 C C
2 THIS °ROGRAM CONTROLS T”E 0PE~ AT!ON
2 OF ~UE IFP”AS IT PROTOTYOF H#R1WA~ E.
2 EXEtUTIOI~ OF TH~ ODF~ ATIN~ SY ST~ 1 3Y THE
I • Cpu RESULTS IU ~NITIALI7ATIOW O~ THE
* SYSTEM A~ fl AC~ UISITIO~1, ~EDUCTIDN, ANT) 

C

I STOE -A GE O~ THE rlA ’A.  THE ODERATTNG
* SYSTE” SELECTS THE ~RO°ER I’4~ IJT S~~1SOR,
* • STA~ TS THE A/D rO ’1wE~s IO~J , AN D IiPJTS
2 • THE DATA FO~ ~EPUCTION AND PE~~IANEM T 

C

2 • STOrAGE. 1W AOrIIT1~ t~, IT ENSIRES THAT
I • THE P~ODER SERVICE °OUTINE RECEIVES
2 • THE DATA . - 

C
2 * *

C C

•••*•• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* • C

2 • C

2 • THE OPERATING $YSTEM CONSISTS O~ 
C

* • THE FOLLOWING ~cOG~ AM MOOULES2
2 • C

* 
• PWRUP — CONFIGURES THE IF’DAS II

2 • HARDWARE FOR TIIF DATA
I • ACOUISITION FUNCTION

* 
C C

* C TSCMS — RESETS THE 5t MSEC TIMER
8 AN(~ STARTS THE PROG~ 4M
* LOOP •
* C

* ‘ EOC — O9TA!NS ¶‘1E DATA AND PASSES C

• IT TO !~45 A°PROPRIATE C

* ‘ SERVICE ROUTINE C

* 
C C
C P021PI — INSPIRED Ox Y GEN PA RTIAL •

• PRESSUPE SERVICE ROUTINE
2

POZOUT — EXPIRED OXYGEN PARTIAL •

* • PRESSURE SERVICE ROUTiNE
I C

- 

2 • FL W RT — FLOW ~A’E SEFVICC ROUTINE •

- 2  C

* 
C • BRRT — 9RE AT HING RATF CALC JLA TI ONS
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* 
C C

* • CX — X—G’S SERVICE ROUTINE
* C C

* GY — Y—G ’ S S ERVICE ROUTINE C
* C - C

* • C? — 1—C ’S SERVICE ROUTINE

* 
3 -

I • ABSPR — A950LUTE PRESSURE

* C SErVICE ROUTINE
* 

3 3

$ • HEART — HEART PATE CALCULATIONS 3

* 
C C

* • ~NTC K — lEt! SECOtIO COUNTER

* C C

* ~~ STORE — OUTPUTS THE DATA EVERY
* 1G SECONDS
* • C

* ERPOR — CORRECTS SERVICE W TINE •

* • PROBE MISMATCHES C

* 
C C

* • - C

* C THE OPERAT ING SYSTEM INCLUOES THE •

I • ~OLLOWIUG SU9.~0UTINESI 
-

* C C

* STRTA D — CALLS STROBE AND TRIGGR
* C C

I • STROBE — INCP.EP4EP1TS THE DAS 1128 C

* • MLIX ADOR
* • C

* • TRXGCR — STARTS THE tP~ CONVERSION 
C

* 
C C

* • SUM — PERFCR”S DOUBL E PRECISION
$ • ADOITION 3

* 
C C

* ~ AVG — PERFORMS DATA AVERA GING C

* 
C C

* • DIT — INITIALIZES CPU SCRATCH PAD
C

* • OTOUT — PREPARE S DATA FOR OUTPUT AN D C

* • CALLS ASC II AND °RINT C

* 
C C

~ 
C ASCII — CON V ER TS ~INtRY DA TA TO ASCII ~

* • C

I • PRINT — OUIPU1’S ASCII CHARACTER C

* • TO THE CONSOLE 3

* C C

* C C

- I - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ Ca3•~~•C• •C SCC SC• CC C C C
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~~XS ~~~~~ I~ B~~~ QUAIIITY P~&~Tt~~~tm
- 00?! 1L~ IIsjj ~ ro DDC _~~~~~~~~-

* ~~~~ .~~CC...CCC..CCC*S*CC.•3CC••**CC*3CCCCCCCCC*

* C C

* S S

* • ASSEMBLER ECU STATEMENTS

* C C

C -

$ C•..C.C~~.. . . .C*3CCCC.C• .C.C*•C*C4*C*~~CCC3C CC 0 C• C C

*
I

03”! MODE ECU O~ EH MOOE SET FOR LISART INIT
1-3?? RST!IRT ECU 0~~?W :CHD INST TO RESET USART
33E0 USART EOU OCDH IUSART CONTROL ~ORT

*
33C1 REA !~Y 

- 
ECU 01’4 :~ AS’C FOR TRANSMITTrR READY

3-3E0 601 ECU 0!CH CO ISOLE OUT~UT °OR T

*
- 3F60 STArK ECU 3F80’-I ;INITIAL STAC’C POINTER

2
30!’ DATA EOU 0E,H IMUX ADOP INDJT °ORT

2 (PORT A O~ B255 01)
HIJX ECU JE5M COPIVERTEO DATA INPUT PORT

I (PO~ T B O~ 3255 •j)
33E6 STA T I  Lou 0!6!-1 :STATUS PORT 3W 3255 41
33!? P~I1 ECU OETH :~~255 #1 CONT~ OL PORT
33E9 URIN ECU OE6H WEART RATE IN°~JT PORT

I (POPT A 3W 3255 02)
STAT2 LOU OEAH STATUS PORT 3W ~255 02
P’12 - ECU OE9H 8255 02 CON TROL PORT

33C6 LIII ECU 086H :6255 CONTROL ~OR O S
- 2 4 — MODE 1, INPUT

2 B — MODE 1, INPUT
JOB’. AIBO ECU C9’.H 8255 CONTROL WORD!

* A — MODE 1, INPUT
* B — M ODE 1, OUTPU T

130C C!,O~F ECU 0CM TUR’lS OFF Ce
03 0! C7O~~ EDU OE M :TUQNS OFF C’
3323 £~ FM~ K rOU 020H “A~~ TO O q T A I N  IB FA
313? 9BC H~K ECU U02H MASK TO O~T*IN OBFB

*
S1~~ON ECU 3014 ITURNS V9 !TR~~! (SETS C6)

3-30C STIO~F LOt! 0CM :TU~NS OFF ~ T R3~ E (C6 OFF)
T~~ ON LOU 0CM ‘U”IS ON TR IGGER (SETS C?)

330! T’GOFF ECU OEM VTURMS OFF TUcCER (CT OFF)
3UE’ A)C OP1 LOU OE7H :pscuoo A()O° FOR DAS 1128

• * V I* DORI 0r 3255 .t
*

13Th CON? ECU OThH *Cfl 0 TO MODE 3
03’O CiSC ECU UTR I TO MOD! 0

ECU 0%H CTR 2 TO MODE 3
33CC CTRC LOU ODCH ICOUNTER 0 •ORT -

LOU 30014 !COUMT !R I PORT
330E CTR2 ECU ODEM ICOUN TE R 2 PORT
330W TP4C° LOU OOFH *TIMER CO MM A NO PORT

74

_ _  _______  —~~~~~~~_~ -~~ -



--
~

- ~~
— - - -

~~~~~~~~
- -

~~~~~~~~~~~~
-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

B~~T QUAIiITY

--

-.. 

~~~~ 
1~ D~~

~~1

tC%It ECU OF6H IINT!RR~IPT CM) WORD 1
300! !CW2 ECU 303H !NT!RRIJPT CM) WORD 2
300* ICCDI ECU 03A14 IIN’ C0P~TR 0LLER ~MD PORT IICC~ 2 LOU ODBH *IN~ CONTPOLLER M0 PORT 2
0104 V 4ASK ECU O’.M lINT MASK V A LJ E

2 MA SKS O~F LEVEL 2
33DB MSKPT LOU OOBH UNT MASK ~ORT

I

0323 T WLO ECU 2CM IBREATHING RATE THRESIOLO
FL4r~ LOLl OFFH :$ET FLAG VALJE

33~ 0 MUXMSIC ECU OFOM MASK FPR MUX AODR
1360 PR3CPIT ECU 6DM I°ROBE COUNT (03 — 6)

0320 ECIC LOU 02GM FN!~ OF tNT CM) WRO
3311 BYTES ECU 0170 10 0! OUTPUT BYTES
)3C~ LOCS ECU 110 :4 OF LOCS TO 3Z ZEROE)

I
CSP LOU ?EH lA !CXI COOL FOR ‘CS.’

331! PR LOU ILU IASCII CODE W OR ‘PRINT ’

(
~
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~~IS ?&~~ IS B~~T QUM4ITY ? A~~~ Z~JA~~~~~

~ I0I 00~Y 11 1Sli~~ IV DL~Q ~~~~~~

* 
•.CC.~~...C..CC.3... ~~..C~~.+C3CCCC3SCCCC3C•3CCCC+C*

* 
C • C

* •

I C POWER UP ROUTINE • 
- 

-

* • C

* 3 5

* 
•CCCCC 3’ •~~4C~~3•C••~~ CC C..+... C.C.......* C C~~CCe5CCC

* C C

* C C

* C THE °OWER—UP ROUTINE IS EXECUTED W~4EN C

* • THE HARDWA RE RECOGNIZES THAT POW ER HAS

* • BEEt-’ APPLIED TO THE I~ PDAS. !‘4~ POWER- C

* • UP ~ESET TRIGGE~ S D~ F TH E +5 V-O~.T SUPPLY.) C

I C THE $251 COMMUPI!CATIOI IN?ERFACE (USART) ,
* • 325! I/O POPIS, 625 3 TIMERS, ~Z53

- * 
C IP4TEPRUPT COP4TRO LLEP , lAS 1128 )A TA

- 
* • ACOUI!ITION MO!WLE, LU) THE CPU SC RATCH
* • DAD STORA G E AREA A RE ALL XN I TIAL I ?ED.  C

* • C

* • THE POWER-UP ROUTINE STARTS THE

* 50 ? SEC TIHERI WHE N IT TIMES OUT, THE C

* C DP~ r~~A~ LOOP IS ENTERE) AND THE )ATA
* • *COt ISIT ION FUNCTION IS BEGUN. •

* C C

* • C

* •..C3..~~CC......CCC*C.s...C..C.e*.m5*3Cr.3CCCCCCC

*
*
*
*
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-1

~~IS ?A~Z IS BEST QUALITY P LCfl~A~~~
i,io~ oo~i FUi~Us}i~D To ~~~

( _

* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* C C

* • S
* USART INIT!ALI!ATTON C
I S S

* C C
- * C 

- NODE 4! 1 1 STOP BIT C
* • PlO PAR ITY S
* C $ PITS C
* • 16X BAUD ‘ACTOR
I S C

- 
- 

* 
• CHO 37 1 NO HUNT NOCE C

• * C NO INTERNAL RESET •

* C RTS HIGH
* ~ RESET ERROR FLAG S •

I S NORMAL BREA K CHAR C
$ • RECEIVE ENABLED C

* S OT! HTr,H C

* TRANSMIT ENABLED C

* C - C

* C C

I • STACK POINTER INITIALI!ATION C

* C S

- $ SP STARTS AT 3’SOH C
I C C

* C C

$ • •CCCCC4C.C44CC.CCC*C~~CCCCC..*CCC.C.~~.CC.CCCCC...

*
I

0030 ORG 0 
-

33)0 3E1.L MV! A ,’tOOE :OuT~ UT MODE SET TO USAR T
3 0 2  DIED OUT USART
3304 ~~37 MV ! 4,RSTUR~ OUT°UT RESET ~O1MAND WORD

03!) OUT USART TO
3)08 31B03 F LXI SP,STACK IINITIAL IZES STACK POINTER
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~aIs PAGE IS B~S~ QUALITY P & C ~~~AI~$

7~IOM COPY YIJB1blISH~
) 1’O DD,O ~~~~~~~~~~

*
I
* S.C.C.+..* .CC*C.CCCCSC*CC.C..CCCCC...CCC CCC......

* C C

I ~
* • 8255 INITIALIT*TION C

I C C
I S

* 8255 41 C

* ~ NODE 1 (STROBE!) I~3) 86 * C

* ~ SET MOOL
I S P O F T A —M O ) !  I

* C P O R T A — T M P U T  •• I • C5,C7 • OUT PUT •
* . PO~T 8 — M O O E i
I - 
• PO~, B — IN PUT

* • RITS C6 IC 7 OFF •
* C C

* C 8255 02 •
$ ~ MODE 1 (STROPED 1’ 94$ C

* 
C SET NOOE •

* • P O r TA — M o ) !  I •

* • POPTA—I P IPUT C

* C6,C7 — OUT PUT •

* P O P I B — M O ) !  1 •
I - POPT B — OUTPUT C

* C C

* C C

* •.C..CC4.44C..~~4++C4C+.CC4..•*C..C.CCCCC3CCCC..CC

I
*

330B 3E93 MV ! 4,AIBI IOUTDUT CONTROL WORD
3)00 03E7 OUT ~PI1 I TO 82,5 41
330’ 3E0 MV ! A ,C4OFF ENSURE BIT C3 IS OFF
0211 03E’ OUT P011

MV ! A ,CTOFF !NSURE BIT CT IS OFF
b I B  03E7 OUT PPII
3)I~ 3E9, MV! 4,4190 OUT PUT CONTROL WORD

OUT PDI2 2 TO 6255 42
2
*
* • .CC.... .C•CC+* .. .CCC.C4*CCCC... . . .* ..CC.CCCC.CCC

* C C

I C C

* INTERRU~ T INITIALIZAT ION C

* C C

* C 
- 

C

* • ICWI F6 I JUNO TAB LE AT C

$ C ICW2 03 1 03E3 TO 03FF

* 
C INTERJ*L z 4 C

* • IMASK 01. 1 MASK OFF LEVEL 2 C

* C 
-

C

$ • C

I C•CCCCCCC••CCCC•C•CSC C*CC CCCC•CC•CCCCCCCCCCCCCCC

I
I

3019 3EF3 MV! A~,!CW1
131’) 1304 - OUT !CCDI OUT’UT COMMAND WORD I
331t 3E03 MVI
1321 0331 OUT !CCP2 OUTPUT COMMAN) WO RD 2
3323 3L0~. NV! A,INASK
3O2~ 0303 OUT MSKPT *OUTPUT MAS K d3RD
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• T h E  PAGE IS BEST QUALITY P~L-C1’ICA8LZ
J~ O~( COPY F~fl~24ISfrIi1D TO DDQ ~~~~~~~~~—

I
I

* 
•CC••C••C•CICCC••CCC*CCCC*CC•SCCCCCC••CC•CC•CCSCS

$ C S

* C - S

* • TIMER XPI!TIALI!AT !ON C
C

I C S

I • CONTROL WO OD 36 1 C

I 5 SELECT COUNTER 0
* ~ LOAD 2 BYTES
* C MODE 3 C

I BINA°Y COJNTER C

I C C

$ CONTROL WOOD 70 1

* 
C SELECT COUNTER 1 C

I C LOAD 2 BYTES
I • NOCE C
* • BINARY COJPITER C

* C S

* • CONTROL WORD P6 ~ C

* • SELECT ~OJNTER 2
* LOAD 2 RYILS C

* • MO~E 3
* C BINARY C0.$NTER •

* C C

* S C

* • SQUARE WAVE DEN SET TO 225 47 •
* C C

* C 8*110 RATE SET TO 1230 •

I S 
•

* C 
- 

C
C..C..C~~.~~CC.C. .CC.4C.CCC. .CC•* .*C4.C.CCCCC+CC•~~C

I
$

MV ! A, CGM3 IINIT COUNTER C FOR SQUARE
3229 03)’ OUT TMCP 2 W A V E GENERA TOR

MV !
~~~~ O30~ OUT CTRO FSTARLISH! S 225 H! CLOCK
33~F 3EI,? MV ! A,012H 2 FOR HEART RATE CIRCUIT
3331 030C OUT CTRO
0)33 3E~~ MV! A ,C1MO IRESET ‘IMER 1
33?~ 330’ OUT TMCP
3~~3f 3E8~ MVI A ,C2M3 1N!T COUNTER 2 ‘OR BAUD
JJ?9 033’ OUT TMCP I RATE
-33”) 3E33 MV! *,560
0330 03)! OUT CTR2 :FSTABLISHES 1230 BAUD RATE

A ! XRA A $ ‘OR HAYELT IME
33’0 930! OUT CTRZ -
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I

ThIS PAGE IS BEST QUALtrypR~~~~~~~--~~~~

•. COPY TUPJ~ISIj~~ TO DDQ — 

-

- I •CCC•C•CC••CCC*C••C••C•CCCCC•CC•CC*C.••CC.CCCSCCC

$ C S

* C S .
- I • DAS 1128 INITIALIZATION C

- * S C

* 
C C

I • SEOUEMTIALLY TRIGGERED
• 1 C C

* • ONE CONVERSION C
• I C RE~ O ‘((IX ADO~ ESS IN’O C

* • CONVERT UNTIL MUX AD IR
*- 

* 
C C

* • C

* C......C..C..5..C.....CCCCCCCC.....CC.CCCCCCC..CC

1 
-

*
30’? COCOO2 CALL TRIGGR STARTS A CONVERSION
13~ 5 ~~E5 PWRUD1 IN STATI IINPUT STATUS 3! 8255 *1
03’.? E60! AN! BBFMSK ?tIASKS IBFB
13”) CA~.50O JZ PWRUP ?LCOD IF STILL CONVEPTING
1O’.C D’~!5 IN MIJX IRFACS IN MUX A’)DR % £ LSB
03’.! ESFO AN! MUXMSK SAV!S ~~~~~
3350 FE~~3 cpi PRBC’IT :COMOAR! ,lux $D)R TO LAST

2 AOO~ (IN ~~~O IN BITS 7—4)
1252 CA SBO C JZ 104 JUMP Ic MUX ~~~~ = PRBCNT
3)I~ CO~~ 02 CALL STRTAD STAR T A CONVE RSION
3358 C3’.500 JIIF PWRUP
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ThIS pJ~G~~ 
I5 BEST QUALITY PR~~~~ WJ

COPY ,~~ usu~~ TODIPIQ ~~~~~~~~~~~

•CC•CC C.4...CC..C..C.C.CCC...•CCC*C•*CCC CCCCCCCCC

* C 
• 

C

* C C

* • THIS sEr TION INITI*L!!!S THE S

* • 
- 

STORADE AR~ A . TIN!, P !NSM
* • POUTS, ‘(RIOT , C .XMAX , ¶ Y ’ (AX, % C

* • GZHAY ARE 7EROFD. T4!N OF’N
* 

- IS LOADE D INTO GX”I!l, Y MIN, C
- 

* ~ I GZNIN. 2300 IS LOADED C

• * • INTO THE TEN SEC COUNTER. C

1 • C
I C C

1 CC....C.C......C...CCC~~.CCC...C54CC.CCCCC.C.C.C.C

I
*

33!~ A ! IDA ? XRA A
~~5C 2i033C LX! H,TIME ZERQ TIME COJ’IT BYTE I
335! 77 NOV M,A -

316 0 23 INX 14 IZFRO TIME COUNT BYTE 2
1261 77 WOV M,A

3)6? COE ’02 CALl. INtl UN I TIAL !ZE ~TNS ’ ( TO 3ZM IN
3265 21133C LX I 14,TENSC
33(~A 36C9 MV! 1,2000 ~~ETS TPE COUNTER TO 200
33SA AF XRA A
306’) 160! MV ! 0,15
336’) 23 I’)*Il INX H *7EROES THE EII!P4T COUNTERS
S3S~ 77 MDV M,A $ AND TEMPORARY RUNNING
)3~

F 15 - OCR 0 1 SUM!
0I3 ’O C2~ O03 JNZ 10*1

*
1
*
* C C

* C C

* C THIS SECTION ~TAOTS THE 53 MSI ‘ TIMEP. WHEN THE TIj~ R EXPIRES ~
* C THE ~‘ROGPAM LOOP IS ENTERED
* C AT T! O MS .

* C C

* C C

1 •CCCCCCCCC... . .CCCCC.C.Ce..CCC.C.~~.,CCCC.*. o,C...

*
*

3~
?l 3E! MV ! 4 ,0E5H

337S 033) OUT CYRI MOV E S E5 TO .S’) OF COJNTER
10” 3!31, MV! 1,00114
IJ IQ 030) OUT CTR1 :M0VES 01 TO ‘(5’) 0’ COUNTER

El
76 HLT IWAIT FOR 50

3370 00 MOP

81 
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THIS PAGE IS BEST QUALITY P L C~ICA~X~
1~IOiM COPY IURIUSkihD TO DD,C _.. ~~~ —

I
*
* 

C4......C..C....C..C...C.CCC4~~CCCSCC5CCCC4CCCCCCC

I C C

* C • •

I • PROGRAM LOOP -

* S C

* C C

* 
*CCSC.C .CCCC.C.CCCCCCCCCCC•*CCCC* CCSSCCCCCCCCCCCC

* • S

I C C

I • THE PR O GRA N LOOP IS EXECUTE) WHEN TI! •
* 50 P~SEC TIMER FY PIRES. IT CONTAI NS THE
* SERVICE ROUTI NES — (ThE FOF €AC’I ~‘4Y5IO—
* C LO GICAL AND ENVIRO NMENTAL SENSOR. THE C

I • OAT ~~ IS COLLECT ED ~Y T HE END—OF—CONVERSION •

* • (!OC) ROUTINE W W IC~4 AV ERA G ES ~ SAIPL ES
* INTC~ 1 READING WM I~ W IT PASSES TO THE
I • A °p c O PRIA T E SuB~ OUr IN E.
* C C

* • THE —ENU—or—co pIv’RSIOPr IS DETEC TED C

* • BY rHECKING THE IMDUT~~~UFFER_FULL ( I~ F) C

* • STATUS BIT. THIS MFTW OO HAS USED, INSTEA D •
* • OF HAV I PI6 THE 825~ !NT EORI’PT ‘4E CPU, TO
* • !LI~ IPJATE T~ E OV E~ ’(EAO TO HAVE 14! CPU C

* • HANCL F THE INTERRU0T . THE TIM! 13

* S COMPLETE THE CO NVE RSION IS KNOWN, 25 C

I C MIC’O-SEC: AND, NORMALLY , TH E TIME FROM C

• THE T RIGGER TO TH E CHECK CF THE I~ F BIT
* C IS PORE THAN 25 MICOC_ SEC . C

* C C

$ S C

I ~~~~~~~~ C e C • C C CC CC CC CS C S C • CCC CCC C e C • S C SC C C CCC*~~C C C C

82
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ThIS PAGE IS BEST QUALITY PR&~flCA*~ZJ~~~ O )Px 7I~ LSHY~D TO DD~ .~~~ — 
—

*
- t

$ • .CCCC... .SCC•CSCSSSCS**CS*CS~~CCSCS*~~CC*4CCCC CCCC

I C C

- * C C

* C TIMER INTERRUPT HANDLER
* C C

I • C

* ~ THIS CODE I~ EXEC UTED WI!~1 THE
* • 50 MS TIMER EXPIRES
I C C

* C C

I • THE TIMER IS RESET AND THE C

I C- FIRST CONV ERSION (
~ O2 IN) •

~ 
C IS STARTED —

* a C •

I • P4XT PR IS USEO BY THE END- OF C

* 5 CONVERSION (EOC) ROUTINE C

* C TO OET !~~~~~~INE WH ICH °ROBE C

I HAS S4’1~L E~. THE A))R OF
* C THE INDIVIDUAL PROBE SERVICE •

* • ROUTINE IS STOF.EO IN ‘4XTPR. C

I • C

I • C

* C.C.C4..........••Sa.•~~S4 SCC . S C . C C S•S C C S S a~ 5•C•55

I

I -

3)7! 3E7~ T~~ MSg ‘(VI A ,C1MG :RESETS COUNTER 1
008C 030’ OUT TMCP
338! 3!!; MV ! A ,OES H MOVES E5 TO LS OF CO’JPITER
03$’. 330) OUT CTRI
oosr. 3E’~t MVI A ,001H :MovEs Ci TO 1~~ OF CO~JN TER
33~~ 030) OUT CTRI
))~ A 3E23 MV! A,EOIC RESETS IP1 S!RVICE BIT
23 A~ 030$ OUT XCCP1
038F CO’)302 CALL STRTAO INCR TUE ‘(fiX 4-DOR (TO 00)

I AND START A ONVERSION
33°1 21C 0O AX! H,°OZIN ‘~!T ADOR OF “P32 1P1

$ SERVICE R3JT!NE
-3,qk 221i3C SHLC NXTPR ?STORE DODD IN NXTPR
30’? 33 !NX SP PESTORFS SR TO ORIGINAL
)39~ 33 INX SP I VALUE
3 0 1’ )  C3~~~~~ 00  JMP EOC

83
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~~IS PAGE IS BEST QUAIiT!’! PR&~1’XCA~~IJ~ QM DOPY FURNISHED 1’O DDC

$ ........e..a..... ~~...............................
$ .
t .

• ENO—O F—CONVE~~ ION (EOC) ROUTINE
$ U U
S • U

* • THIS COr~E GENEUTES EIG’IT
* • CONVFR5ION~ WHICH A~ E SUMMED
5. • AND OIVI~~FM ~Y 8 T O 3~ TAI N
S • AN AVERA ’~~ REAPING — THUS
S P.EDUr~It1G THE NOISE EYFECT.
S • U

* TIlE SLIM IS ~TO~ Efl IN W~L. 0
S CONT A INS THE COUNT 0 THE
S CONVFRSIONS . THE AVERAGE
S READING IS °AS~ ED TO THE
5 S SERVICE ROUTINES IN !.
S U

5 AFTER THE AV ERAGE WAS ~E~~1 COIl—
S PUTED, TW F MIJX A3OR IS
S OqTAIt1 E~ A’~O MASK EO 3FF
$ U S

* • THEN A JUII° INOIRFCT IS AC~ OMP—
S • USHEO TO THE SERVICE ROUTINE •
5 • ADOR STORED IN NXTPR 5

* • .

* S U

* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .55555555

S
S

0~
q

~ 210 00 EO~~5 LX! H,O ?7EROES H~L ~‘O~ SUM
33~~ 

jc~g3 MV ! 0,8 :~ rr COUNTER
83*1 O~!~ EOCIS IN STATI :TNDUT !TATUS DF 8255 II
OOA ~ !Ô~? AN ! 9~ FMSK M8~~CS !8F~

CAA 100 il EOCI. JU’4° ir STILL CONVERTING
•3*~ 15 OCR 0 OECREMENT CONV COU’~TER•30A~ CA~ 5OO EOC2
OOAC COC3O! CALL TRIG~R START THE N~~ T ~ONV E~ S1ON
3~~*F DREI. IN DATA :INPUT THE ~~~~~~~~~ O*TA33~ 1 2F CHA C0M~ LEUEI1TS )ATA FROM

S IPIVERTIIG ~~IVER ($‘26)
83~ 2 C0C 02 CALL SUM A00 DATA TO RJMNINf, Sill
~3’~5 C~’A1O3 iMP EOCi

~J~~~8 D8E~ FOC2I IN DATA ~INPUT THE dT~ READING3)RA 2F C’~A :COMPLE MENTS 3ATA FROM
S !PIvFRTINc 3RIVER (8226)

3D’~ C0C 02 CALL SUM 5*09 TO RUNNI~~ SUN
83’~E COCEO2 CALL AVG SAV ERAG E THE ~JP1N!NG S’JM
~)C1 O~E5 IN MLIX RFAOS IN PIUX A ’)r)R % I. LS~
~1C! E6FO ANI IIIXMSK $*VES B1—~’.
33C5 2*113: LNLC PIXTPR ~~PAMCH IWOIRE T TO TIlE
3OC~ E~ PCHL * ADOR III N~ TPR

(

84
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~BI$ P.A~E IS B~S~r QUAXIXTY PR&CTTCA~~ODPy ~~~~~~~~~ TO DDQ

3 3
1 3 3

1 THIS IS THE SERVICE RO’ITINE
* • FOR PO2 TN
* 

3

I 3

• THE NEXT C’PIVERSI~ N IS STARTED
• (P02 OUT) • THF AO~ R OF PO2OUT •

$ 3 IS STORED I N  PIXTP R • TIlE
$ • cUP.RrNT READINr . OF °3?IN IS
* INPUT, T WE ~l ADOED TO THE
I • PREVIOUS SUI, ANO ST3RED

* • IN PINSM .
$ 3 3

* • DOUBL E PRECISION AODITION 3

I • (DAD) IS USED 3

1 3 3

I • 3

1 • THE A REG CONTAINS THE IJX ADOR
* IN BITS 7—’~ (XOH) 

3

*
* •
$ •3343m•4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I
I

•3~W~ USC) PO~ INI MV ! B,00H ~~UT D!SIREfl lix ADOR IN R
3~ C~ qe CI4P US THE MUX A~~ R 0 ?
33~ C C29~ U2 JN7 ERROR UF NOT T’4ER~ i~ AN FRROR
) ) ( ‘$  COR~ 02 CALL ST RTAO ~START THE NEXT CONVERSION330~ 21E?03 LXI l,PO2OUT ‘~ET A~~ R OF ‘fl2 O’JT

: SERVICE ~~JTINE
~~~~ 22113C SHLO NXTPR :ST0RE AD~ R TN NXTP°
3308 2A023C LHLO PINSM $PLACE THE PO2IN RUNNING

* SUM IN H~ L.
NOTE* F HOLDS THE AVG DATA

* (‘ IS !ERO
0*0 D *H~L W(L 3

O3D’~ 22~ !3C SHL~ PINSM STORES NEW SJH IN PINSM
000F C39 00 JNP LOC

‘ ‘

$5

-



PA~~ IS B~~~ QlJAIiXry PP.~M~rIfi~A$LE
~~~ 7 i .~jj~~ TO

~~

* 
3 3

$ 3 •

* • THIS IS THE SFRVI~E ROUTINE
$ FOR PO2 OUT

* 3
$ 3 3

$ • THE NEXT CONV FRSION IS STARTED •

* • (FLOW RATE). THE A~fl~ OF
* • FLWR~ IS STOREP IN M X T P R .
1 • THE CURRENT READING OF PO2OUT
* • IS I?~PUT, THEM ADDED TO
$ • THE PREVIOUS SUM, AN~ STORED
* • IN POUTS. •

* ‘ • L
a 1 • OOU~ LE PP.ECISION AOOITIDPI

1 * (DAD) IS USED •

$ 3 3

1 • •  3

$ • THE A REG CONTAINS THE lix ADOR
$ • IN BITS 7—’. (XDH). 3

I • 0

* 3 3

* ••333333343~~3 •3.4 3. . 3 . 3 3 .* *. .. .~~.e3

*I
3i~ ? O6I~ P020t111 MV! 3,1OH PUT DESIRED IJX ADUR IN B
3~ E~ ~3 OMP a :xs THE MUX ~~~~ 1 ‘
33E5 C29~ 02 JN7 ERROR :IF NOT , TH!R IS AN ERROR
13FB CU~ 302 CALL STRTA D :START THE ME*T CONVERSION
3JER 2t~ ’0O LXI H,FLW RT ef ~ET ADOR OF ~~ LOW RATE~

I S~ R’IIC€ ‘~3JTIt1E
33~~ 22113C StiLt’ NXTPR ISTORE AflDR IN NXTPR
aOFi 210’.SC LHID POUTS :DLACE THE 0023UT RUNNING

1 SUM IN H~ L
NOTEI F HOLDS THE AVG DATA
I D IS~~ ERO

•.jc i. 19 DAD 0 IW ~L ‘ t4LL 4

~3F Z2~ l,3C StuD POUTS ISTORES NEW SJM IN ~OUTS
33F5 C39 00 JNP LOC

1)

56



F 

~~~TI•T~ TTIIIT___ -

~~IS PA(~E I’S 3&ST QUALITY P!R&Cfl~I1*a
Y~I~QM COPY YUkCN,1Skt~D TO DDVC ___ —

I •***3****~~443.4.*.~~~~3o3*Ø***Ø3*33*So*3.3*3.333333

I •

* 0 3

$ • THIS IS THE !FRV!CE ROUTINE 3

* FOR FLOW RATE
$ 3 S

1 3 3
V $ • THE NEXT CONVERSION IS STARTED

$ • THE LOOP OF GX IS STORE ) IN NXTPR •
I • THE CUR~ ENT READING OF ~LOW RATE •

* 0 IS INPUT, THEN ADDE) TO THE S

* * PREV OUS SUM, AND STDRED IN
$ • FLRTS
$ • *
$ • DOUBLE PRECISION ADDITI3N (DAD) *
$ 0 IS USFO
* 

3 3
• 

I • THE A RFG CONTAINS THE IJX ADOR
* • IN BITS 7—’. (XOH)
$ 3 3

* 3 0

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4*4*3343ö*33 * 334333**

I

*
3O FR 0620 FLWR~ $ MV ! 8,20H *PL!T OFEIRFO MJX A DOP IN B
3~~ D 88 CMP ITS THE MUX A))R 2
3)FE C2~~ 32 JNY ERROR h F  NOT , THF~! IS AN ERROR
0131 CD~~ 32 CALL STRTA O IRTART THE ‘IEXT CDNVERSION
oi~~. zt’.,ct i,r,x :r,r’ AD’~R or ~x—&•s~

1 SERVICE RDUTINE
010’ 2?1i~~ SHLO NXTPR STORE THE A1)~ IN NXTPR
010$ 2AD6 3C LIILO FLRTS IPLACE THE FL3WUT E PUNNING

V 
I SIJI IN ‘IlL
NOTES F HOL~)S THE AV~ DATA

V I D IS !ERO
ClOD 19 OAO 0 INIL T ~~~ 4 DIE
ClUE 22353C SHLO FIRTS :STORES NEW 3.11 IN FLRTS

$7

V~~~~~~ V~~~~~~~~



r ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -‘ 
~~~~~ V •V ~VV ~~~~~~ V~~~~~ V -~~~~ ~~~~~~~~~~~~~~~~~~~~~~ -~--~~---~~ -,- • -~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~ -

•

~ COPY FLJ~2~IS1iE~D TO ~D,C ~ __.—

* 
...~~..~~~~6*3.6S66**ö*6.633~~S66363•6* 63*6333664 00

* 
3 3

2 0 3

• THIS SEITION USES THE CURRENT 0

I S READ!Nr, OF FLOW RATE TO S

I * DETECT A NEW BCFAT H ~‘I3V V 

* • COUNT THE UUM3FR OF INTERVALS S

* • BETWEEN BREATHS. 6
V $ 3 6

I • THE NEW BREATH IS DETECTED WHEN 6

1 • THE FLOW PATE PEAOI’1~ IS FOUl) •
1 ‘ TO BE BELOW THE THRES4OLD ~ 

6

$ • TIMES IN A ROW. 3

$ S S

$ • THE NUM~ ER OF BC MS INTERVALS
* • BETW EEN BREATH! IS STORED *
1 IN BTHRT . 3

* * 6

I • £ HOLDS THE FLOW PATE RE*’I!NG 6

* • T’LAG HOLDS THE THRESHOLD FLAG 6

I • THCNT HOLDS THE THRESHOLD COUNT
$ TIICNT HOLDS THE 50 MS COJNT •

I 6 6

* 6

$ *3S336*~~6 ....*.6*.66 4.**6***6*63**6*66****3**664*

*- I
CIII 211T~~ RRRT* tx! ‘I,TNCNT GET AO~ R OF 3D MS COUNT
0l1~’ 3’. INP H UNCREMENT THE COUNT
0115 73 N OV A,E IMOVE CI’R~ENT EAOIMG TO A
0tI~ ‘E20 CPI TRHLO :rOMPARF To T’I~ E SHOLO
OiIi 0A2301 JC BRRT1 :JU’4P IF DELDW THRESHOLD
0ll~ AF XRA A
O~~ C 3?133C STA THCNT 17E°O THE T!4~ ESH3L0 COUNT
all’ 32I~ 3~ STA TELAG I APIO THR~S43 LD FLAG
01” C!~ C3O J$P EOC
C1?5 3A1~ 3C B~ RTis LOA TFLAG ?GET THPESHOL) FLAG
01,8 FEFF CR1 FLAG US IT SET?
012A CA~~ 00 J7 LOC IDOHE IF A LREA DY SET
01!~ 3Aj3~ C LOA THCNT !GET TWP~SWOL~ COUNT
013C 3C INR A IINCREMENT THE COUNT
C1’l ‘21~ 3C STA THCNT ISTORE NEW TM~ ESHOLO CNT
013g. FE3~ CPI
01’F’ C2~~ 00 J NZ EOC IDONE IF .NE. ~Gt!4 3EFr MV! A,F L.AG
0t~~ 32I~~33 STA TFLAG I~~FT TH~ ESWOt D ‘LAG
013E ?E NOV A, M :r.ET 50 MS COJIT

* (tilL SET TO TPICN1)
01?’ 211030 LXI H,BTHRT
01~ 2 77 NOV M,A ISTORE COUNT ~3R OUTPJ1
•j4~ 4F XPA A
0l~ t. 321730 51* TMCNT • ZE°O THE 50 MS COUNT

C1~.’ 32I~ 3C STA THCNT $ AND THRESHOLD COUNT
C1&i A C3g~ O0 JMP EOC

(

88
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~ IS PAOZ IS B~~T QUALITY PMCfl~*~~!
• 

~~ 0M COPY Y~WSIISH~~ TO DD,C ......~~—

V I •6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* * 5

$ S S
$ * THIS IS THE SERVICE ROUTINE
$ • ~OR X—G ’S
1 0 3

* 
S *

* * THE NEXT C)P’VERSION IS STARTED
* * THE ADO~ O~ GY IS STORED IN NXT PR •
1 * THE CUPEENT REAOIP~G OF X-~~’S *
$ * IN~~’T. FIGHT F EAOI’~~S ARE • V
1 3 AVE RAGE D TO GIVE API AVERAGE *
I • X—G R READING. *
$ ~ IF THE AVG •GT . GYMAX IT IS 5
$ • IS STORED IN GXMAX — IF .LT. •
$ ‘ GXMZN IT IS STORED ZN 5XNIN *$ * 0

• 1 • THE A REt’, CONTAINS THE MUX AOOR * V

V 1 • IN BZTS ?-’. (XOH) • 
V 

V

$ * V .

* 
0 *

$ •SS **S..* ...*S..*.*.**oas6.*4eS*.**4*.**43*....

*
• I 

V

01”) 3633 GX $ NV! B,3CH IPUT DESIPED lix A ’V)R IN B
O1~ t Be CNP B US THE MUY AD)R 3 ?
0153 C2q;OZ IN? ERROR ITF NOT, THE~ E IS AN ERROR
Ct” C’)B)02 CALL STRTAO :START THE ~i~~ t CONVERSION
$t~6 2i~ S01 LXI M,GY IGET ADP Q ØF

V I SERVICE ~3JTINE
Dl~ B 221130 SHLO MXTP R ISTORE AO DR TI NXTP R
0I’ C 2*1130 uiLr xr, ILOADS HIL W IT I  X— G ’ S

I RUNNING 3.11
013’ 78 NOV A, E MOVE S CURREIIT ~EAOI NG TO A
0160 CDC)02 CALL S’J~ 1000 DATA TO ~JMNING SJM
016’ 3A 1~~~ 1.0* XGCNT :r.ET X—r . COUNT
C1~ S 3C INO A UNCREMENT THE COUNT
CII” FE3S CR1 $
016 $ CATSOl  $2 ~~1 IJUM~ I’ XGC’IT .EO . 8
0tA~ 221*30 SHLt’ XG ?STO RE CUNNIh1~ SUM IN X C
016’ ~2lC3C STI XGCP1T STORE COUNT I’I XGCNT
0l’2 C3~ C00 Jt~ EOC
Cl’6 0)CE O2 GX1 I CALL AVG IAVERAGE THE S ~EA DI N~ S
0173 IF XR* A
01’Q 321 3 STA XGCPIT ?EDD THE COIJIT AN D
01’t’ 321130 STA XG 1 THE RUNNI~~ SUM
Ct’F 321~~~C STA XG# 1
0l~ ? 78 NOV A,E IHOVES AVG DATA TO A
018’ 21~ 33C LXI M,GX MAX IGET ADOR OF MA X X—G S
0186 ‘~E CNP N ICOM DA RF AVG VALUE WITH MAX
018’ 0*3801 IC GX2 IJUMD I~ A .LT. &XMAX
Øj~ I 77 PlOy M ,A IDEPLAC! IF A .~ E.GXMAX
018$ 21~~ 3C GX~~I LXI H,GXMIN IGEI ADO’~ OF M11 X—G ’S V

01*1 BE CPIP N tCc”IADR! AVG VA LJE WITH MIll
0I~~ 029C00 JNC £00 *J U~

. IF A.c!.r,XMIP1 V

0182 77 NOV H,A REPLACE IF A .LT .GXM!N
019! C39C00 IMP £00

V _ _ _ _ _  V V  
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F - V V V ~~~~ VV ~ V~~~~_ ~~~~~ V V - V V V~ V

~~IS PAC~E IS B~~T QUALITY PR&CrI~
g
~~Z

V ~~$OM COPY 11.fl~$US~~D TO DDC ._.~~~~~~~~~ —

I •**.•..• *...•.o.*~~•e...... *.•S0. •.*~~•••.*•.*3*0.3

I *

* * *
$ • THIS IS THE SERVICE ROUTINE *
I • FOR Y—G ’S 3

* • . S

* • *

* • THE NEXT CONVERSION IS STA RTED

* * (Z—C’!) 0

$ • THE ADOR OF G’ IS STORE) IN NXTPR *
$ • THE CUQPEN READING OF Y— G ’S  IS *
$ * INPUT. FIGHT READT’4~ 5 IRE S

* * AVERAGED TO GIVE AN AVERAGE
* * Y—G’S READING. *

* * IF THE AVG .GT. GYNAX IT IS S

$ 5 STORFD IN GYMAX — IF .LT.
I • GYNIN IT IS STORE’) Ii ~YNIN$ 0 0

$ • THE A REG CONTAINS THE MUX A OOR *
$ 5 IN BITS 7—~ (XON)

* • *

* * S

• * •5 *4*~~Sb0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I V 

V

I
014~ 06’) CVI MV ! 3,~~0H IOU! DE!IQ!O MiX AO’)R IN 9
0138 88 OPIP B US THE MUX A))R S. ? • 

V

Ot 1~ C29’02 iN? ER’~OR IF NOT, THERE IS AN ERPOR
OIBC C08002 CALL STRTAD ISTART THE NEXT CONVERSION
013’ 2t)F~ 1 LXI H,GZ :GFT AD~ R OF “Z—G ’ S~ V

I SERVICE R)JTINE
01*! 221130 SNLD NXTPR STDRE tOOR !~ NXTPR
01*5 2*1)30 L$LD YG LCADS tilL WIT4 V —C ’ S

1 RUNNING SiN
01*3 73 NOV A,E IMOVES CUR’E’IT READING TO A
01A~ C~ 02 C&LI. SUM ACO OA’I TO ~UMNING S’JM0IAC 3A1F30 1.0* YGCNT IGET Y—G COUNT
OlA F 30 INR • A UNCREMENT THE COUNT V

O1~ 3 FEOi OPT 8
Ol~’ C~ BE0t JZ CVI IJUNP I~ YCCNT .ED . 8
GI’~~ 221)30 SIlL! ‘(C !TORE ettMNIN~ SJM IN ‘(C
oi~ o 321r30 STA YGCNT :STORE COUNT II YGCNT
CI” C39C3 3 JMP EOC
01B~ CD !32 GY1 I CALL AVG AV !RAGF THE S ‘EAOIN.S
0iri IF XR* A
DIC? 3?1 30 ST* YGCNT 7ERO THE COUNT AND
01Crn 321)30 ST* ‘(C I THE RUNPlt~~ SUM
OtC3 321E30 STA ‘(Cot
O1~~ 79 NOV *,E INOVES Avr, 047$ TO A
01CC 210*30 LXI H,GYP$AX It’.ET A)~O O~ MAX V —C ’ S
OICF BE ClIP H ICOM°ARF AV G VALUE WITH MAX
01D~ D*Dl.Ct JC GV2 h U MP IF A .LT.GY’IAX

V 010$ 77 NOV 1,1 I*E~L&CF IF ~.E.GYMAX
C1’IS. 213830 GYT I LXI $l,GYPIIN GET ADrR OF ‘tIN V—C’S
3lD~ BE ClIP N $COM~ ARF A V G  VALJ E WIT I  MIII
C1fl~ 029000 JNC EOC IJUM~ IF A.Gr.SYHIN
010, 77 HOV M,A IREPLACE IF A.LT.GYMIN V

•I”C C39000 IMP £00
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V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
J~ O~ OOP~ Ij ~~USU~~ TO DD~Q _...

~~
—

* •• •55••4•*•4**••Ø••3••3S•••Ø•555•••Ø5•55 0*00005*3

I • S

* S S
V 

* * THIS IS THE SERVICE ROUTINE
V I * F0R 7—G ’S V

I 5 S
I 0 5

* • THE NEXT COUVE~ S!ON IS ST*RTE.D
I (*8S 0R~S!) *

V 

* * THE *)0~ O~ A~ SPR IS STORED
* * IM NXTP .R

V * * THE CURFENT ,‘cAOIP!G OF 2—C’S IS
V I * INPUT . EIGHT ~EADIN~~ ARE

1 AVERAGE D TO GIVE API AVE RAGE S

* * 2—C’S READING.
I IF THE AVG .GT. GZMAX IT IS 

V

I STOPFO Ill G!MAX — IF .1.! . S

I ‘ GZ PIIPI IT IS STORED IN G2M!N *
$ S S

* • THE A RFG CONTAINS THE MiX ADOR *I * IN BITS 7—1 (X CH)
* 0 *

* * S
• ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ••••*•

I
I

ti’)’ 065C Cit MV ! 8,50W !PUT O!SIP.€D MUX ADOR IN B
01st 83 CHP B ITS THE MUX AO)R 5 ?
DIE.? C29302 iN? ERROR UF NOT , THERE IS AN ERROR
C1F~ CO~002 CALL STRTA~ I!TAR! ‘HE NEXT CONVERSION
OXF* 212302 LXI H,ABSPP ICET ADDR or ~a~ s PRESS

I SERVICE ~DUTINE
0t~~ 221130 SHLO NXTPR :STDRE AD)R II ?1XTPR
OlEE 2A2~ 3C LHLr ZG ILOAOS tilL ‘IITrI 2 G’S

V V 1 RUNNING 3.11
01’I 78 NOv A,E :NOVES tu~RZ’fl READING ¶0 a01’? C00802 CALL SUM AOfl DATA TO PiNNING SiN
CI” !A!!3 1.0* ZGCNT :GET Z—G COUNT
01’e 3C INR A IINCREMENT THE COUNT
91’~ FEDS CPI S
01’Q 0*3702 32 G21 h UM0 I~ ?GC’IT .EO. 8
OtrE 222030 SHID ZG STORE F~UNNIM~ SUPI IN 26
0201 322230 STA ZGCNT STORE COUNT III ZGCPIT
020-. C3~~ 00 iMP EOC
02C” COCED? ;‘it CALL AVO IAVERAG? THE S R!AOIN S
020* AF XPA A
0!~~ 3222~~ STA ?GCNT ZERO TIlE CO’JNT AND
020! 32203C STA I THE RUNPIIN~ SUM
0211 322130 ST* ZO I
0!t1. 78 NOV *,E IMOVES AVG DAlI TO A
02I~ 21~~ 3C LX! H,C?MAX IGET ADOR OF MAX 7—C’S
0!IA 9E ClIP N ICOMPARI AV G VA LJE WITH MAX
0!I$ 0*1)02 JO G22 2JU~° IF A .LT.GYIAX021r 77 NOV M,A O!PLACF IF A .~ E.G? PlAX
0210 21093C G’21 LXI M,CZMIN GET ADOR OF ‘tIN ?—G’S
0220 BE ClIP COPtPARE AVG VA L’J E WITH N
0 221 OZB OO iNC £00 h UMP IF I.GE.G!MIN
0!!4 77 NOV N,* I~ EPLACF IF A.LT.C !MI’t
02?5 C’B OO JMP LOC

V 91 V
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— 

~~~

* 
•.•S*.*4.*••.. . . .5*5•S••se*S••••S*•SS•**•4~~ S~~*S•*

$ * *
I * *

V 

* • THIS IS THE SERVICE ROUTINE

* * FOR ABS DRESS *
$ * *
1 • *

* * THIS IS THE LAST CONVERSION
I • SO NO NEW CONVE*SXON IS
I ~ STA RTEO
I S

1 * THE CUPPENT R!ADI~’G REPLACES 
S

I • THE OL D. THE STORAGE

* 0 LOCATION IS C*~ PR S
$ S S

I THE A REG 0’~NTAINS THE MUX ADOR
• $ IN BITS 7— .. (X OHt

$ ~ V

* • 3 V

* 
•45*5S54 ..•............**Sö*..S*..S*.*****S****SSS

* 
V

I
0278 06&~ 1$SPR I NVI 3,60W IDUT DESIRED MiX AD’)R IN B
022* 83 CMP B hIS THE H!JX AD~ R S
C’!’ C’B’D! JN7 !RROR IIF NOT THERE IS AN ERROR

V CUE 210E30 V LX! H,C*3P~ Ir.ET AOP R O~ ~JRRENT ABS PR
0231 73 NOV M,E STORE NEW VALUE IN C*BPR

V 

92
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V _ V V — VV __________ ~~~~~~~~~~~~~~~~ V - — V

P&~! IS ~~ST QUALITY P~ &C2~~ &J~~
~~ O~1 COPY PU VUS~~~~~I) TO DD,C _ .—

$ S*5.ø454•*~~.•S**S45S54*4•5•0*5~~0SS**5*SS*SSSS***S

* 
S S

* * S

* • THIS IS THE SERVICE ROUTINE *
* ~ FOR HEAqT RATE
* * THIS ROUTINE !S ENTERE) RIGHT *
* • A FTER ABS PRESE 

V

* S S

* ~ IF A NEW I4E~*PT RA’E HAS BEEN S

$ • COMPUTED (IBFB=1) IT IS
* * READ IN. EIGHT READIM~ S 

S

* 
S ARE AVE RAG ED TO GIVE A N

$ * A VERA GE HEART FATE.
1 • READINGS .Le . ION A°E ASSUMED 

V

$ * AS FALSE P—WAVES AIID ARE *

* • ADDE~ TO THE COUNT TO B! S
$ S A V E R A G E)  — BUT 00 NOT
* * COUNT AS ONE OF THE S.
I ‘ THE NEW AVEPAGE HEART RA TE
I ‘ IS THEN STORED.
$ S S

* • S

* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 553555555  V

I
*

0~~32 OBEA WEART I IN STAT2 IINPUT STATUS OF 8255 *2
0 ! ’V4 Eô20 AN! ABFWSX IMAS~ S IB~ A
0235 CA 5 102 JZ CNTCK IJUM’ IF NO flEW HEART RATE

IN HRIN UNP!11 THE MEd W EA RT RATE
0238 2F CMA II OMOLEP EMTS 3A TA FROM

1 INVEP.TIU~ DRIVER (3226)
0.!C 2A1430 LHLD $487 ILCADS W IL WI T H HEART RATE

1 RINIIING SUM
02SF CDC~ 02 CALL SUM IADO DATA TO ~JN’IING SUM
024’ FE1~ OPt lOW UA HAS THE ‘1~ I1 READING)
0244 04,102 JC CNTC~ D ON E I~ A •LT . tO H
C2~~ 3A15!C LOA HRCNT ICE! HEART RATE COUNT
0Z~ A 3C hIP I IINCREMENT THE COUNT
0 24” FEG! CPI 3
021.0 0 0 !  37 $4811 :JU’4 3 I’ WDf ~MT .EO. B
0!’a 221’.3C SHL~ ‘45! ?STDR E~ FuNIirl; SiN IN HRT
~!‘ 3?i5~ C STA H~CNT STORE COUNT IN HRCPIT
02FF 035*32 JNP CPITC~G2BQ C’)CEO2 4k’lt CALL AVG IAV FRAGF THE S REAOIN S
3!~C ?io~~ C LX! H,HRTRT IGET AODR OF CJRRENT

I ME~ PT RATE
03SF 73 NOV N,! *STORE NEW V*LJ! IN HRTRT

XRA A
0251 321S30 U* ‘IPCNT IZERO TN! COu NT AN ’)
0 26.. 121 .30 STA HRT I THE RUNNING SliM
0!!T 32133C 51* $48101.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1V~~~~~~~~ V V V V V VV VV



V 
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V V  - V V V V -- - ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _

IBIS PAI~Z IS B~~~ QUA lit 71 _ _ _ _

COPY Z i ~~jj~, 1’O D~C _ .—

$ *••••••*S SS.*S*SS.SS*•*55S*0**S5S5’5*SSSS~~S~~S5*45

* S
V 

* S 
V

I • THIS SECTIOH r)ECREMENTS T’I E
* ‘ 10 SEC COUNTER
I • 

V V 5

* ~ EACH 10 SEC TN! STORAGE ROUTINE
V I • IS CALLED AND THE COJPITER

I * IS RELOADED

* 
S *

* * AFTER COMPL ETION CF THIS CODE,

* * 
V THE OPD5RAM HALTS A 1D WAITE

$ ‘ FOR THE 50 MS TIMER TO EXPIRE 5

I S S

* • S

* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• *I
0261 Zll!3C C’ITCK I LXI ‘4,TENSC ICE! *D~ R OF IC SEC COUNT
0~ 5) 35 OCR N OFCREMFNT THE COUNT
02SF C17402 ii STORE h UM0 IF 13 SEC HAS EL A PSED
0371 F’ El
027! 7~ HLT WA !T FOR 50 IS TIMER
02~~ 00 NCR

94
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

V TRIS PACE IS BEST QUALITY P~&~fl~A.~L1
I~ O1I COPY PUB2IJISHED TO DDC _._.—

* •5*S55•SS••5o•SSSSS*S•m*SSSSSS•SS*SSSSSS**SSSSSSS
V 

* ~ S

* • *
* 5 THIS SECTIO’I OUTPUTS THE STORED
* 5 INFORMATION EVERY 13 SECONDS. *

* S S

* * THE DATA IS OUTPUT IN TIE
I ‘ FOLLOWING ORDEPI
I S S

I • TIMING P~ EAMB LE (LS3 FIRST)
* • PINSPI (LS~ FIPST) *
* • POUT~ (LS~ FIRST) S

* FLRTS (L!~ FIRST) V *
I GXP(AX GXMIN GY MAX ~YN!N
* ‘ GZMAX S7PIIN ABSPR 4RTRT
I 5 8THRT * 

V

• • I S S

* * 
V S

V 
* 

5SSS5SS5*~~**S..4S*SS***54SS.SS*S*S5SSS*S*S*55*SSS

*S
0271. 360e STORr I MV ! V M ,2000 :S!TS THE C~VJNT ER TO 200
0?~~ 243~ 3C (.1410 TI ME PLACE 01JT~ !?T COUNT IN HAL
0279 23 INX N IINCREMENT THE COUNT
0!~~ 22O33~ SILl’ TIME STORE THE NEW OUTPUT COUNT
3371 2i3~ 3C LXI H,TIME GE7 A’)I~5 OF FIRST BYTE
0283 161.1. ‘IVI O,BYTES :L040 0 WIT H NJIBER OF

OUTPUT BYTES
0282 TE ST’)°lz NOV A ,M IMCV E THE DAT A TO A
028’ CDF!O2 CALL OTO UT ;OUTPUTS DATA TO C ONSOLE
0286 23 INX H GET NEXT OUTDUT ~YTF A D O R
0!! ’ 15 OCR 0 OECRE’IENT TN! 3!!! COUNTER
0!i3 C23!02 iN? STORI IJU M~ IF !IORE OUTPUT
0!” JET! MVI C,CSP
0280 CD1333 CALl. °Q IP4T :CAUSES THE DATA ON S~ R!EM
02*0 0E1E Mv! C,PR I TO BE WP.ITTEN ON TAPE
0!q? COI~’O! CALL PRINT
O’q CD!702 CALL INIT :INITIALIZES ‘INSPI 73 3ZMIP4
0 388 F8 El
02)9 76 HLT IWAIT FOR 50 i; TIMER
02~ A 00 MOP

95
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~~ QM Copy FURMIsa~~ To LIDC •_~~~~~~ .— 

V

* 
• .SS*SS.4.555**S.*SSSS.S*SSSSSSSSSSSSS***SSS****S

2 •
* S S

* * THE FOLLOWING ERROR RO~JTIN! IS

* • EXECu T ED WH ENEVER THE ACT UAL
* • flUX ADDR IS NOT THE SAME AS *

* THE EXPECT F) MUX ADDS
I • S
I * THE A SEC CONTAINS THE MJX ADOR IN *

V 

* • SITS 7 — .  (X3H ) AND THE B SEC S

I CONTAINS THE 0ESIRE~ A DO R *
* 5 THE ERI~D~ ROUTINE CONVERTS UNTIL •

V 

* • THE ACTUAL Mlix ADOR !~ U4LS *
I • THE DESIRED MUX ADDS$ • THEN THE PROCR4PI 1000 IS ENTERE D •
I • AGAIN VIA THE SOC RDJTINE

• I S S

I MOTEl P’XTDP STILL CONT*I~1S flu! •
I * ADDS OF THE DESIRED ERVICE
* • ROUT3NE
I • 5
I • S

* *5*4S5S*S5*S+S~~4SS5S*4S55*SS444S5SS3SSS*S5S5*SS*S
S
S

.
V 0 .98 C’)B302 FRROR I CALL STRIAD ST’OB! AND CONVERT

329! OB!5 ERRII IPJ STAfl IIPIPUT STATUS OF 8255 #1
0213 EÔO! AN ! BBFMSK MAS’(~ IB~ B
02*! CABEO2 J7 E551 ?LO (~~ I~ STILL CONVERTING
32*5 05E5 IN MUX PEADS IN MUX &33R ~ ~ LSS V

C28’ £6~ O API! MUXMS$C ISAVES 07—51.
0!I~ ~lS CNP 9 ICCTMPA °E NEW ADOR WITH B
02*1 C29332 iN? EQROR :TPY ACAIN I~ NOT EQ.
021D C39C00 JP$ P EOC IPEENTEF ?Ror,~ A M L OOP WHEN V

1 DESIRED *0)5 IS FOUND

1 )

96
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• ~~~~~~~~~~~~~~~T U ~~~?yp~~~~~~~~~~

* SSS•S•S4*SS.SS.•SS.55**5S.SSSS*.SS•SS*SS*SSS*S5*5

* * S

* 
a S V

* S SYSTEM !U8~OUT X NES

* S • 
V 

*

* ~
* 

54555555 5S55.*SSSS•SSSSSSSSSS.55.**S55*SS5*S*5555

I * S

* 
S S

* • THESE SU8ROUTINES AGE USED 8Y THE
* 5 OPE~ATIliC SYSTEW AND THE SERV ICE ROUTINES *

* • TO ~CcOl1PLISN TASICS COMMON TO MORE THAN S

V • ONE b Out!. TIcS! A D! SU~ POUTIN!S ‘0
* • COP’TROL THE OAS 112~ (STAPT A CONVERSION •

* * AND INCREMENT THE ILtY *3DcESS), MAMIP—
* • ULIlE THE DATA (!(PIM!’I G AND AVE AG! NG) *
I • !NrIALIZE THE STORAGE AREA. AN) OUTPUT
I • THE DATA (FOR~ A TING THE DATA AND

* S SENDING IT TO THE V
~ ONS3LE

I ~
* 

S S

* 
5..5~~~~, 5S545*•SSSSS*5S45 .*•SSSS*S•SSSSS*SSSS*5S*

97



V ~~~~~~~~~~~ V 
V 

_ _ _

_ _

ERIE
_ _

5* *5~~~ •

* 
S *

* • S
V ~ 5 THIS SLSRP.OIJTINE IP’CP!$ENTS THE

* • DAS 2123 ~UX At’OR AND STARTS
t * 

- 
THE CONVERSION

V , * S

I S 
• 

S

* ~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~ 55*4 *555~~~*5*55555 *545*55*5

*I
V 

~~~~ CUBTO! SIRTADI CAU. STROBE I!NCREMFNT TS4! MUX *008
CV~’ C0Co02 CALA T’IGGR ISTARTS THE CONVERSION
IV’6 C9 RET

*

~ •~~*4a•5*s5*5•~~s*S+***5*e5•

I S S

* 
S S

V V 

~ • 1$!S SUBROtJT III ! INCREMENTS THE
V S flUX ADDS OF TN! DAS 1125 *

* • S

* • S
V 

* 5*5*455454455454*555* **55**5*5**545*555**44*55S55

t
I

I!8’ !!0 3 STROBEs MV! A,STSON ISETS BIT CS WH ICH IN~~ E—
02~Q 03!? ~UT ADCON I MEPITS flUX ADOR Wf 1 V
0!” 3E~~ MVI A ,STBOFF P.ESETS BIT C5
028~ D3E7 OUT AOCON
•!B~ 09 RET V

I
$

V 

* 
S*555.545.5.*4*554*55*555455*4SS5*5*SSSSS5SSSSSSS

* S S

* 
S S V

* * THIS SU8°O’JI!PI! TRIGGERS THE DIS S

~ 2128 WHICH STARTS A ONVERSION S

1’  •

I V S

* 5*5*5555 5S5.•SS55*444**S45S54445•5**S4*SSSSSSSSSS

V *I
O2CO 3!0 T8IG’~~I MV ! *,TRG ON V’ UDNS CP1 SIT ? tTPZGG!~ )
$?l~2 03Ev OUT LOCON I TO START A CONVERSION
O!C1. 3E0! Mv! *,1RGOPF ITLIRPJS oF~ 817 C?
02C 03E ’ OUT AOCON
•2C8 C9 RET

(
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~~~~~~~~~~
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V 
PRA~~~~4t~

5 554455*4  555S55*55545•55555555*55555*555*5555*5S55

* • S

* S *
* S THIS S(IQROUTIUE TAKES INPUT DATA •

* S FROM REC A APi) A)DS IT TO H~ L •
V 

* * 5

* • S
V 5 3 5 5 4 5 5 45 5 5 S . 5 5 5 45 5 5 4 5* 5 4 4 5 4 5 5 5 5 5 5* *5 5 5*5 5 5 5*5 5 5 5 5

*
*

02Cc ‘.F SUM S NOV C,A ZMOV OA~ A TO ~
0!~ A 0600 PIVI 9,0 UERO OUT B
02C 09 DAD B INtL z W LL + 310
0!C” C9 RET

I
I
:

• •  

~ * *
V 5 5 5

* ~ THIS SUPROUTINE TAK ES THE RUNPIIN •
I * SUM LOC*’ED III H~ L AM ) DIVIDES *
I IT BY 8. THE ~‘ESULTIM’~ AV !RA E
I • IS P!TU~NED TO THE CALLING
I * PROGRA M IN SEC E. S

5 S * V

* 
S S

* •5 5 5 S S 55 5 4S 5 5*5 5 5*5 5 4* *4 5*4 5 5 • 5 5*5S* *5**5 5*5S*S S S

*
V *

0!C! 70 AVC I MDV A ,t. IOBTAIN LSB OF SUM
02Cr OF RRC
02D0 O~ PlC OTVXOE BY 8 V

020 1 OF RRC
0212 02)302 JNC AVG I JUM° IF DEMAINOER .LT. ~ 3
0?D~ F6E0 ORI OEOH UNSURE THAT INCR WILL OVER
02D~ C601 AOl 1 5 rL Ow IF S LSB’S ARE I’S
3 209 020)32 JNC AVGI

V 020C 2’. INP H **flD ‘Caoqr I) ISS OF SUM
t2~D ESI Avc ls ANI IFM OISCASD R~ PI*!’10ER

V 021w SF NOV E,A ISTORE LSB IN !
02E0 ?C MD V A,H . *0811tH MS9 O~ SUM
02!t QF RRC

V 0?!? 3~ V PRC ISOlATE TO MS9 O~ A
C!’! OF QRC
0!! ’ 53 *00 E IA5~D ISS TO ‘458U!; 5~ NOV E,A *PIOVES AVG Q!A3IMC TO E
02(6 C9 RET V

( ‘
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JHIS PA~~ IS BEST QUALV X TY P ? t~~~~j~
- 

~~~~~~~~~ ~~~~ ~~~1SH1~D TO DDC ~~~~~~~~~
V 

* *45*55 44S~~•.55**55~~*555*4~~ 554555444*455S**55*5*5S

* 
S S

V * 
5 V S

* • THIS SECTION 7E90!S THE FOLLOW— S

* ING LOCATIONSI PIPISM, DOUTS
V I S TLRTS, GX MA X , f-Y MAX , % ~Z MAX 5

I • OFFH IS PLACE’ ZN THE FOLLOWING

* 
5 LOCATIONS I GXHIN, GYMIN,

V~~~ 
* GZMIN

I S

• * 5 
V S

V 

* •~~~~~~~ ,~~5*55.4.5.4554.5a*5555*5S55*e5S55*SSS 5*55*

5
I

0!!’ IF T’IIT* XQ* A
U!F3 21fl3C LXI H,PINSPI ICET ADtIR OF START OF

5 STORAGE T3 ~E CLE A RED
0!!B 1533 MV ! 0,LOCS :a OF LOCATIONS
0!!’ ) 77 INITI: NOV M,A

V 

~~~~ 23 INX H IZEROES OUT THE STORAGE
C !FF 15 DCI 0 5 AREA

V V O2FO C2E)O? iN? IN!T1
0”’ 16’ MV ! O,OFFH SLOADS I’ WITH F
0!~~ 72 NOV ‘4,0 IPuOVES ~F TO flMIN
0?~ c 21333 LXI H,SXM!N
02~

Q 72 NOV 4,0 PIOVES FE TO KMIN
UFA 23 INX H
32’B 23 INX H
0!’C 72 NOV 14,0 MOVES FF TO ~VMIN
0!F0 CS RET

V 

*
I
5
* 

S S

* • S

* S THIS SU~ ROUTIN! SEPARATES THE .
* * 8 BITS OF DATA IN THE A REG
* • INTO ‘WO 4 BIT N’JMB!’S — S

* ‘ EACH OF THESE P’UM’ERS IS

* • CONVERTED TO AN ASCII
V * CHARACTEP AND OUTPUTED TO

* • THE CONSOLE. S

* 
S S

* 
a S

* (BOPROWED FROM THE SBC S

* 83P2~ ItS~~~ GUIDE S

* ~ PAGE 8—29 (REF 15))
* 

S S

* • *I * *5 5 S 5 5 4 5 5 5 5 5 5 5 5 5 5 5 4 5 4 S 5 5* *5 5 5 5 4 5 •* *S 5 5 5 4 5 5 5* *5 5*

*
*

02’! F5 0101111 PUSH PSW SAVE ARGUMENT
CVF 0’ RIC V

03)0 0’ RIC IMOVES HSB S 73 LOW I. BITS
0’Ol OF ARC V

S$C2 0’ ARC
O~~~! 001103 CALL ASCII ICOPIVERT 4 153’S TO ASCII
•e~~ C0V’O~ CALL PRINT OUT0LIT TO ~!RMINAL
0309 ‘1 ‘OP ‘SW 51,f! BACK ASCJMENT
•‘oi C01t03 CALL ASCII !fONV!5 4 LS~~ S 10 AS II
0300 C01803 CALL PRINT IOUTPUT TO TERMINAL
0’1~ CS RET V
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~aIs ~~~~ is B~~T QUkI~Iri PRA 1~XiJ~.&~~~
IROII ~~PY FURZ~ISESD TO ADD —

* *SSSSSSS S•*SSS•••55*S SS**5*5*5*555555S*5*SS*SSS5S

* 5 5

* 
S S

V * * THIS SU’RDUTINE CONVERTS THE ~ 
S

* 5 158’S O~ THE A REG (0—9,A—F) *
* ~ INTO THE CORRE~°ON’3!N~ ASCII

- * S CHARACTER (30—39,’.l—.b)
* S S

* * THE DAA (OEC!9AL ADJUST ICC) *
* ‘ INSTRUCTION PEPFORMS THE S

V I • FOLLOW INGS
* 5 1. XF T’4E V*LUE OF T’4E S

* S k LSB S O’ T)€ ICC S

* • IS •~ T . ~ OR IF THE S

5 • ‘AC FLA~ IS SET, 6 
5

* IS ADDED TO TM! ACC
* ~ 2. IW TH! VALUE OF THE

* S 4 MS3’S OF TN!ACC

* * XS KOW .GT. 9, 3R *
* ~ IF THE ‘CY’ FLAG IS *

* • SET, 6 IS ADO!) TO *

* * TIE 4 MSB S OF ACC
* •

* • S
• 

* ~ (BORROWED FROM THE SBC S
-. S ‘ 80P23 USERS GUIDE

V 
V S PAGE 5—33 (5!’ 15)) V •

.5 5 S

* • V S

* •.•.•• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *5*5 5*

. 1
I

0311 !60~ ASCIIS AN! OFH ISAVES LS~ ’S (1 HEX CHAR)
031~ 069) V A~ I SON UNSURE THAT A— ’ CAUSES

* A CARRY
031.5 27 D*A 5~ DJUST Co’a~ EM1c OF A SEC
0316 CE4.3 AC! ‘.OH 5100 IPI CARRY AND AOJ~JST

I THE IIPP!’ 4 3I~~
031$ 27 OAA :AOJUST CONTENTS OF A REG
0110 ‘.F NOV C,A SNOVE ASCII CHAR TO C

V 

031* C9 RU
*.

V 5 *555*554 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* ~ S

* * S

I 5 THIS SURPOUTIII! WAITS UNTIL THE
* • CONSOLE IS ‘EADY TO ACCEPT A
* CHARAC’ER AND THEN OUTDJTS THE •

* * cHARACT ER (STO’ED IN 3 REG)
* * TO THE CONSOLE
* S S

• * 
5 V S

* S*•55• *~~.5....5.*.5*S.555**.4*S45SSSS**54~~***SS5*

*
*

0!18 08!) P5tH” IN USART *!N’UT !T*!U5 0’ CONSOLE
031’s E631 AN! READY IMAS~ FO* TRANSMITTED READY
O’t’ C*1903 J? PRINT 5100’ IF NOT READ Y
0* 2 2  79 NOV A,C SHOV E CHARACTER TO * SEC
O?’3 0353 OUT CON 5SEP40 TO CONSOLE
032~ CS • RET

101
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~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~ 

—

I
1~HIS PAG~E IS BEST QUALITY FR&~flC A~tI!
~fiOM OO~FY YUEMS1LED TO ADO .._~~~~~ —

* 5••5•• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5*S **S•55

* 
S 5

I S 
V

•

* 
S THIS SECTION CONTAINS THE S

* * JJMD TA BLE FOR THE
* • INTErRU.T CONTROLLER
S S S

* 
S *

* S*~~.S.5o 5S55*5555.*SSSSSSS*S5S*SSSSS5SS5*S*5 5S5S

* 
V

S
lIED ORG 03(014 V
03F3 C33300 JNP 0 TEMP FOR LEVEL 0
03(3 00 MOP
13Th C30300 jflP S *T(14P FOR 1EV!. 1.
0”? 00 ‘lOP -

b !F8 C33300 JMP 0 TEM5 FOR LEVEl. 2
0’~~ 00 - MOP V

0’F~ 037!00 JMP TSQMS :SERVICF ROUT 3R LEVE~. 3
0’!’ 03 MOP
0”J 03030) iMP 0 TEM~ FOP LEV!. ~ V

0~ F3 00 MOP
03” C33300 IMP 0 *1T~P FOR 1EV!. 5
S’~’ CO MOP
O’FA C3)3)3 JMP 0 STEMP FQD LEVEL S
C!FB 3~ MOP
•‘.r 039)03 JNP S ITEPIP FOR LEV!.. F
0!~c 30 MOP
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• 1541$ PAGE IS BEST QUALITY PMCfl~AtZ

~~ OIL ODPY FUBSUSHED TO DDVQ .. ...._ —

U V

* 
555554 5*55555* *5S55555**4*5*550555*5*S*5*5* *5555*

* 
S S

* 
S S V

* • THIS SECT ION CONTAINS TI! STORA~ E
I ~ AREA FO~ THE °FOGRAM (CPU S V

V * SCRATCH PA’) STORAGE) 5

* 
S S V

* S S

* •5555**4SS555* 1p555•5*555555555S4*553*•*S•**SS**55

5 * V

* • V *
S S THESE A~~E THE LOCATIONS THAT
* ~ WILL BE STORED EVERY 10 SEC
* * .

* 
S S

* 
4*4*55 5.**55*. 555555555554S54*555***5555* *S*55S5

*I
30)0 ORG 309014
3C30 0003 TINES OW 0 SCONTAINS RUNP1TP1~ OUT’UT

I COUNT. EACH COUNT
* RED~ES!I1T5 10 SEC

3CC2 ~003 D!14cM 5 OW 3 ?CONTAIHS PO!!N RUPIUIN’~ SUM
3~~

, 00)3 ‘OIITS I OW 3 W0NTAINS P020.31 PIJNPII’4G SM
3C~6 3J9~ FLRTS * OW 0 *CONTAI9S FLOW RATE ~ JNNING

I SUM
3CC$ 00 ~XMAX I 0$ 0 :CONTAIUS MA~ x—G’S
TCO~ 30 r,virj : 08 0 COHTAI NS M~~4 x—G’S

V 3C~ A 00 1,YIAXI 08 0 ICOPITAINS flAX V—C’S
3C0~ 30 ~,YMP11 08 0 ICONTAINS ~ri v—C’S
SCOC 00 f1MAXS 08 0 :CONTAIt~S MAX 7—C’S
3001 00 G’MIPI V 08 0 ICOP1TAIPIS MIN 7— C’S
3C0’ 03 CAIPR $ 09 0 !COPJTAINS CURRENT A~ 5 PRESS
!C0’ 00 145751* 08 0 COPSTAIP’S CURRENT HEART

* RAT E
3010 00 ATMATI 08 0 CONTA!NS BREATH RATE

( VVV

)
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V 
-  - — —-—.-

V V * 
..~~5S•S5*555S5*5*4 4 . .545*54545~~~~55555*S4~~~~5 *5*0*

• 
* 

S • V S

I S -  V

* • THIS IS AD3ITIOPIAL STORAGE
* S S

* • S

* 
4•5 5 5 5 5 5 4*5 5 5 5 5 5 5 0 4 5 5 5 4 5 5 4 5 5 5 5*5 5 5 5 5 5 0*5 5 4*5 5S*5 5

*
*

3011. 0G33 NXT°RI OW 0 :CO’JTAINS EOC ~!RVICE
5 ROU’ZNE ADDRESS

V 301’ 30 TE’15C t 09 0 CONTAINS 13 SEC COUNT
V ?C1~. 0003 HRT * OW 0 COPSTAIP!S HEART RATE

V : RUNNING SiN
V 3016 03 HRCNT* 08 0 WONTAIP’S HEART RATE

5 COUNT (0—8)
V ,3I~~’ 00 T~CNT * 0? 0 CONTAIP!S 50 MS COUNT

3018 03 THCPIT I 9! 0 :CONTAIP:S Tw’~~ 43L0 CPIT
!C19 00 T~ LAr., 08 0 COPITAI’PS THRESHOLD FLAG
3C11 303 X~~ OW 0 *f’Ot$TAINS X—G 9 RUNNING SUM
301C :0 XCC’lT z 08 0 CCNTAI~’S X—5 ’S COUNT (0— 8) V
3C10 JC~~ Y~~t Ow 3 :~~CnTAIP’S v—c’s RUP1~3IN~ SUM
301’ 33 V~CHT I 0! 0 CONTAI PS V—i ’ !  COUNT (0—8)
3C?0 003) Ow 0 SCONTAIP’S ~— ‘S  RUNNING SUM

~~!‘ 00 Z~ CNT I 08 0 SCOUTAINS Z—~ ’S COUNT (0—8)
V END

NO “O ~~~M ERRO RS

(
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_ _

SYP”OL TABLE

•0 1  -

A 3007 A~ FM8 0020 ABSPR 0228 ADCOM 00(7
A!’ ! Je8~ *110 00~ 1. ASCII 0311 AVG O2CE

*V’$ :2)3 8 03CC 3SFMS 0032 8551 2111
SRRTI 3125 ‘TM’T 3010 ‘YTES 3011 C 3001
C0 13 1035 0113 0310 C2M3 GO~ S C6OF’ 000C
C7D~F 130! CAl’S 7CC! CNTCK 026* CON QOEC
CSD 307! C~ R~ 32CC CTR1 00)0 CTR2 330!
O 3302 0*TA O0E~ OTOU T 02FE € 3303
€00 30~ C ‘DCI 0311 E0C2 0038 !O!C 0020
ER~1 329C E~~ OR 0298 FLAG 00FF FLRTS 3306

~LW~’ 3O’B CX 0140 GX1 0175 GX2 0189
GX’IAX ‘00 3 CXIt’I 3009 GY 0196 CXI OtBE
CV! flO’ GYMAX ?COA GYM!N 3C3! GZ QIOF

V G’l ~~o7 r~’~ 0210 GZMAX 3CIC G’MI’l 3300
H 333k WEAPT 0232 • HRCNT 3C16 HR!N 30(8
WRT ‘C1~ M~Tj 0259 HRTRT 3C3F ICC’i CODA
IC~°2 )CO~ ~~Wi COFS ICW2 0003 IDA 2059
70*1 ~C6~) TIASK 03C4 IP4IT 02!? INITI. 02(0
I 30O~ LOCS 000- B N 0336 MOD! 004E
MS’C’T 33D B M ’IX t OE S MUXIS 00~ 0 NXT’R 3311
PI~lcM ~C:2 °0!IPI CCC! PO2OU G0!2 POUTS 3CO~
PPI1 30 !? P012 CQF P P5 001! ‘RBCN 3060
PRINT ~3j 9 D~~4 0006 PWRU P 001.5 READY 3001
QST,I’ 1037 0006 STACK 3F30 STAll 00E6
STAT ! 33!A ST BD~ 33C C ST!DN 0330 STORI 0282
5TflDC ‘32?’. S’SOB 0297 SYRIA 028 0 SUP’ O2CS
TS3M! 107! 1 P1!C !C13 TFLAG 3d! THCPIT 3018
TIME 3033 IMONT 3317 TMC’ 00’)’ TRGO’ 030E
YSCOPI ) C G~ TRHLD 0023 15106 02C C USART 30(0
XC 3C11 xccu’ 3C1C XC 3CiO YGCNT 31F
TO *C20 ?GCNT 3C22

(

V
V

p
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Appendix C

t 

4 -V - IPPOAS II Prototype User’s Guide

V Data Collection

This section describes the step—by—step procedure necessary to

operate the IFPDAS II prototype in its data acquisition function.

1. AC Power — ON to both the Hazeltine video terminal and
the cassette tape

2. DC Power — +5 VDC supply: OFF
all others (—5, +12, —12, +15, & —15 VDC): ON

3. Video Terminal — Parity: 1
Full Duplex
Baud Rate: 1200
Clear the screen

4. Cassette Recorder — Insert tape in Recorder 2 and engage
Select CONT — OFF LINE — PAGE
Depress RESET, then REWIND
Depress INTERLOCK and RECORD button

and wait for tape to stop
(RECORD button stays lighted )

5. +5 VDC Supply — ON

The +5 VDC power supply resets the SBC 80/20 hardware and the

operating system starts to execute. Data will be output to the video

terminal every ten seconds and transferred from the screen to the

cassette tape under program control. The 8080 CPU directs the writing

of this data using two control characters . The CONTROL SHIFT PERIOD

(Cs.) character ( 7EH ) tells the Hazeltine that a coamand will follow .

The PRINT character (1EH ) directs the transfer from the screen to the

tape.

When all of the desired data has been recorded :
I
. 

~
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1. DC Power — OFF (this terminates the IFPDAS ’s operation )

2. Push RESET (the tape will advance momentarily , then stop
and the RECORD light will go out )

3. Press REWIND

4. AC Power — OFF (to both the video terminal and the
cassette recorder)

The data is now recorded on the cassette tape and is ready for transfer

to the main computer.

Data Transfer

This section describes the step—by—step procedure to transfer the

data from the cassette tape to a permanent file on AlIT ’s computer

system. V

1. Video Terminal — Parity : 1
Half Duplex

- Baud Rate: 300

2. Cassette Recorder — Select CONT — OFF LINE — PAGE
Depress RESET, then REWIND

3. Using the terminal , LOGIN and enter EDITOR

4. Enter: CREATE , SUPRESS line numbers (C ,S)

5. After system responds ENTER LINES, depress PLAYBACK on
tape channel

6. After the data is transferred , send an “ =“ to release
the CREATE mode

7. List the file and check for errors

The data is now in the edit file. To store it permanently, enter the

following commands :

1. REQUEST ,,Q, 5PF
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2. SAVE ,Q,NOSEQ ,O (NOSEQuence , Overwrite )

3. CATALOG ,Q,DATA, ID=(p roblem #) ,RP=(# of days to retain)

V The data is now stored on disc for later use by the post—flight data

conversion routine.

Data Conversion

This section describes the procedure to execute the compiled post—

flight data conversion routine (COMPCONVERT), using the file DATA as

the data .

Enter the following commands :

V 

~~ ATTAcH,LGO ,COMPCONVERT ( attaches COMPCONVERT as a local
file called LGO )

2. ATTACH,AFITSUBROUTINES ,ID=AFIT (attaches the AlIT sub— V
routines as a local file
called AFITSUB )

3. LIBRARY,AFITSUB 
-

4. ATTACH,TAPE1Ø,DATA (attaches DATA as a local file called
TAPE 10)

5. REWIND ,LGO

6. REWIND ,TAPE1Ø

7. LGO (executes the post—flight data
conversion routine)

When the program completes its execution, it will have created a

local file called PLOT containing the output graphs. To send these

graphs to AFIT’s plotter, enter: V

ROUTE,PLOT,TID=BB,FID=(xxx) ,DC=PT

This routing completes the data conversion process.
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Appendix D

Vpost Flight Data Conversion Routine

This program takes the data from the cassette tape ( TAPE 1g) and

performs the post flight data conversions. In addition to the

calculations , each program module formats the labels for the graphs

and calls the plotting routines .

The following parameters are plotted versus time by this program:

V Cabin Absolute Pressure

Cabin Altitude V

Z — G’s

Heart Rate

Breathing Rate

Minute Ventilation Volume

Inspired Oxygen Quantity

Expired Oxygen Quantity

A flow chart of the post flight data conversion routine is given

in Figure 20; a listing of the program follows the flow chart.
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Convert

Read in one
record of data

from TAPE1Ø

V a data No
aligned Stop

Yes

No
• data ?

Yes V

Calculate
cabin absolute

pressure

Plot cabin
absolute
pressure

Calculate
cabin

alt ].tude

1 V

rig. 20. Post Fli ght Data Conversion Flow Chart ( Sheet 1 of 2)
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I

9 P

fPlot cabin! Calculate minute

/ altitude
/ 

ventilation volume

V 

Calculate / Plot minute
max & mm / ventilation

L Z— G ’s 
/ 

volume

V SIT _ _ _

V [ Plot max / Calculate inspired
/ & sin Z—G ’s ~I oxygen quantity

/ on one plot /

/ Plot inspired
Calculate / oxygen quantity V

[ 
heart rate

47 ~17
j Calculate expired

/ Plot / Loxygen quantity
heart rate

/ Plot expired
Calculate [oxygen quantity

breathing rate

cL
/ Plot
/ 

breathing rate

Fig. 20. Post Flight Data Conversion Flow Chart (Sheet 2 of 2)
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V TRIS PAGE IS BZS~ qWIiIT! L r n~11I~
~ wY l~fl ~(2USli~~ 

i~ DDQ

C POST FLIGHT DATA C ONVER SIO N
C
C
C THIS D R O GRft M TA I (~ S THE ~ATA FROM THF CASSETTE
C T~ ’E (T~~~F1O) AU’) PFRFO~ MS THE DOST FLtI,HT DATA
C C’) 1V ERStOM~ . IN ADOITICN TO THE CALCULATIONS ,
C EA’~H P~~ GR!~M ‘400tJLE FOPS~ ATS THE LArWLS FOR THF
C GRAPHS A ND CALLS THE PLOTTING ROUTINES.
C
C
C •‘H~ FOLLOW I’ IG 0A ~~0J1FTER~ A RE PLOTTEfl
C V~ RSUS TIPIF ~ Y THIS QRor- RA M:
C
C CAB IN 4~~S0LUTE PRESSURE
C
C CABIN ALTIT,Jr)E
C

V Z — G ’ S
C
C HEART RATE
C
C BREAT HING PV A !E
C

V C MINUTE VENTILATION VOLUIE
C
C INSPIRED OXYGEN OUt~NT I T Y

V C
C V EXDIREO ‘)XYGEN OUAVP T ITY
C
C

PRD~ RAM ~oMVF:~ T(I9PUT,OuTP(JT,TAPE1C)
IMTEGE~ TI~IF1,T I M~ 2,A (1CC ,15)
flt’IENSID’l X (l)2),Y (102) ,I~~(17),IBUF (1 Q3) ,~~(107,2)
NRD W
flO 20 I:1,1~~O

REA ’)(1O,1~~~
) TIIIEI,TIME2, (A (I,J),J=1,15)

100 FORMAT (t’Z2)
IF(EOr (1~~) )3h13

1.0 Tt PIE1+25~~~~IME2
V IF(K.IIE.I) STOF “DtTA MISALI GNFO ’

MR~ W MRO 4+1
‘20 CON TI N UE
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~~IS PAGE IS BEST Q~AIiITT PRACTICAILI
IMOM COF Y I~~~US1~~~ TO DIDC

C CABIN A BSOL UT E °RESSURE
C
C THE CA 31 N A3~~OL I J ~ E PRES!UPSE IS C A L C U L A T E D
C USING THE FOLLOWING FOPPI(JLA :
C
C (DATA )
C CAIIN A~ SOLJTE PRESSU~~ = x 760
C 250
C
C
30 I1(i) ”A~~S P QES S~J”

I’)(2)~~~RE VS TI’E’

V T’)(~~)=~~Jr,J
T’);)=~ 5r A ~~T TIME

V Ti(6)~~~* 1~ 1~ 
•
~

Ifl(7) ” 19 ~rr’~
t ’) ( V9 )= ” 77

~~~ ( jQ) ” (M~~ s~ )

IO(1l)~~~~~S P’ SS~r• V

I’)(12)=~ R (Ml W)•
Iflft3)=~Ifl(1~~)=~ _  V

‘10 60 t t , NR’)’4
Y (I) A (I,13)~~760./25C.
5(1, 1) =Y (I)
X (I) I~~6.60 CIJTINIJ E

X (4ROW+1) =0.
Y(IRO’4+1) =‘sO.
X ( IROW+2 ) =1.
Y(NR OW+2 )  =1~ C.
CALL PLOTS (IQ’J~

’ ,1~~0,’.HPLOT)
CALL °LOT ( D . , -4.,— ’)
CALL PLO! ( 0 . , O . 0 ~~,— 3 )
CALL HGRA PH (X,Y,NPOW ,IP,—1,0,0)

c i i  

- .

113

V V • -— ----— -d



r
V
~~

SS

V VV 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

V • uRIS PAGE IS B~~T QtIA1~TTT PRACrICABLITh0~ OOiPY 1URMSH~~ TO D.DC

U

V 

C CA~ IN ALTITUt~E
C
C TH~ CA B IN A’)SOL’JTE ’ ~R E S~ URE IS CONV ERTED TO
C ALTITU DE (I~ ~EET

) USIN~ THE FOLL CWING V

C RELATIONSHI~~*C
C A LT ITW~E (FEFT) = t73,1~~6 — 25,685 LN (ADS PR (MN ‘13) )
C
C

!D(l)~~~ ALT IT’J~~t’)(2) ’ VS ?I~W
I’)(ll) ” ALTITUtF”
tf%(12) 1 (~~EET )
!1O 65 11,lIRO’4

Y(I) 17I?515—25€~~54(ALOG(’3(I,1)))
X (I) !/6.

V 65 CONTINUE
X (~1ROW +i) =~~ .
Y (MROW+1) 0.
X PIROW +2) =1.
Y(’IROW+2) =~~)0~~.
CALL °LOT (0.,— — .,—~~)
CALL PLOT (O.,0.03,~~1)
CALL HG RAPH (X , Y , NROW ,I!’,_j ,Q , U)
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TRIS PAGE IS BEST QUAI~IT! PEACTICABLI

~~~ (~
py giji~~us1~~~~ 

TO D~Q — V

t- V V  
V V

C 7~~~~G’S 
V

C
C ~ H! ACCELERATION ‘)ATA IS CONVERTE D TO G’S USING
C THE FOLLOWING ~ORt~UL4S
C
C (DATA)
C AC~ E L E R A TIO~1(G ’S) = ( X 15 ) — 3
C 250
C
C THE MAXIMUM AN’) ‘IINIMUM VALUES ARE PLOTTED ON THE
C SAME GRAPH FOR COM PARISCN.
C
C

I0(1)=” ‘—G’S
I’)( 2 ) = ”VS T I M E

• 10(11) =“ IAX  A’fl •II~’
ID(12)=”P1 7— ’S
0’) 120 I 1 ,~~R’H

Y( I) (A(I,11)~~.~3 6 ) — 3.
X(I) =1/6.

120 CO’1TIN’JE
X (’IPOW+t) ~.
Y (4ROW +i):G.~ 

V

X (IROW+2) =1.
Y (NROW+2) = .“
CALL OLOT (Q •~~~(~~~

_ 7)
CALL PLOT (O.,0.O~~,—!)
CA L L  I4 GRAPW (X, Y,I-1°OW ,IP,—1,~),0)C

fit) 130 I 1,N~~)W
Y (I)= (A (,1~~).-36)—!.
X(t) =I~~F .

130 COITI’411E
X ( ’ IROW +t) :C.  V

Y(~1ROW+1 )=0s5
X (’IROW+!) :1.

CALL PLOT (Q,, _41~~_T )
CALL PLO’ ( 0 . , Q . 0 ’ ,—3 )
CALL HGRA D H (X,y,NROW ,Ir ,2,1,j)
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- TRIS PAGE IS B!ST QUALITY PSACTIOAIIII 
V

~~~~~ ~~~ 
TO DDj~ ~~~~~~~~~~

.

V C HEART RATE’
V C V

C EACH HEA RT RATE COUNT REPRESENTS ‘..4k MSEC. THE
C COJNT IS CONV~ RTE) TO THE HEART RATE USINS THE

FOLLOWING E~ U4T ION T
C
C I V

C HEA RT RATE ( BEATS / MIN )  =  X 6C
C (4.’.~. MSEC) ( COUNT ) V
C
C

10(1):” ‘4FAPT RAT ’
IO(2) ’~E V~ ‘

~~1~
T’)(1i)~~”1EA~~T Rt * ”~~”t f l (t 2 ) ”  (~~/‘lIN)
00 ‘.0 I=i, N~ OW

Y ( I ) = ( 2 2 .~~6 O . ) / A  (I ,t ~ )
X ( I)  =1/6.

40 CONTINIE
CALL PL OT (~~.~~—4.,—3)• CALL P LO T ( 0 . ,J .3 ~~,— ”)

V CALL HGRAPH (X,V ,UROW ,IO,1,0,O)

C ‘~REATHING RATE 
V

C
C EAC H COUNT IS WO ”T H Sc PSEC . THE BrEATHING RØTE
C IS CALCULAT rO A S
C
C 1
C ~~~~~~~~~~ Q A T  ( B Q E A T H S I M I N )  = 
C ( S C  MSEC)(COUH’)
C
C

tr)(t)= u’
~ REAT M RAT”

I’)(tl,) =“~ ° ‘ A T H  RA’”
!fl(12) =”E (R / M I P 1 ) ”
fi t) 50 I=i,NQO 1

V ~~~~~~~~~~~~~~~~~~~~~~~~~ V
X (t)=I/6.

50
CAL L PLOT (0. , —t. .,—! )
CALL PLOT (C.,3.03, —3 )
CALL, HGRA °M X,Y ,NRCW,Ir,I,c,3
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C MINUTE VENTILATICN VOLUM E
C
C T~1? MINJTF VE NT ILATION VOLU ME IS CA LCU LA TE ) USING

V 

~~F tFPOAS_SU~ DLI~~D SUM~ ATICN AND THE A RSOL (JTE
C PRESSURE DATA . THE FOPIbIULA IS ?
C
C (SUM)
C VOLUME 10 SEC C L)  = X .C11’.
C SORT (ABS P~~)

C
C -

fi t) 70 I1,NRO’4
9(I+3,2) (A(t,!)+2~ 6-~A (I,6))/CSQPT(R (I,1))~~57.75)

70 CONTINUE

B(iROW +’.,2)=~~(NROW +3,2)
B(NROW+5,2) “ (NROW+ 3,2)
00 80 1 1,NPOW

+B(I,r,2)

X (I) 1/6. 
V

50 C~VJTIP4UE
Ifi(1) ’MIN VENT V” V V

Ii(2)”OL VS Tt~lF” 
V

I”)(ll) =“IIN V~ NT 1’.
Ii(12)&’OL C L)
CALL PLOT (0.,—’~.,—~~)
CALL PLOT (0.,0.0~~,—3 )
CALL ‘IGRAPH (X,Y,N R OW ,I~~,1,~~,0) 

V

(
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C IN~ PIREO OX YG EP ~ nUANT ITY V

• ~~~~~ C 
V -

C THE QUANTITY OF INSPI~~EC OXYGEN IS COMPUTEO SY ?
C
C (Pc 21N SUM) (MIN VENT VOL)
C ‘UJANTITY O~ 02 (1) = —
C 65.79 (ABS PR)
C
C

I f i( i ) ”O X Y G E N  tNT” V

Tfl( 2 ) = ”A KF vs i
I0(I1):’OXY’~~”1 INT” V

Ifl(12)=”AKE CL )
‘1’) 90

~ (200.~~9(I,1))X ( I ) I/ B.
90 CONTINUE

CALL PLOT (3 . , — ’+ . , —3 )
CALL PLOT ( 0 . , 3 .0 3 , —3 )
CAL L ‘IGRAPH Cx, Y,NROW ,Ir,j,o,3)

C - EX’I°EO OXYGEN OIJAMTITY
C
C THE Qu ANTITY OF EXPIRED OXYGEN IS CCMPUTEO RY? V

C
C (PO2OUT SUM) (PITH VENT VOL)
C flU4NTITY OF 02 CL )
C 65.79 ( A D S  O~~ )

C
C

It)(i)= ”OX ’GFN ~X°”Ifl(2) ”IRED VS T •‘ V

I’)(11)=”3XYGEN EXP ’
I’)(i2) ”I~~ D (L)
00 110 I1,’1~ O’4

Y (I) ((A(I,3) +256 1’ (I,’i))~’3.0’.’B (t,2))
t /(20C.~~3 (I,1))

X(I)~~I~~6.
110

CA LL PLOT (3., —’e ., —3 )
CAL L PLO T (C.,0.0i, —3 )
CALL !IGRAPW (X,Y,NROW ,Ir ,1,0,3)

C
crop “you MA flE IT”

(Th V
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The following subroutines are used by the post flight data

conversion routine to format and plot the graphs. These subroutines

were borrowed fros AlIT’s EE 6.91 course.

ii.
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Appendix E

V SBC 80/20 Hardware Description (Ref 16)

Memory

There are two types of memory on the SBC 80/20 board : random access

memory (RAM ) and read—only memory ( ROM). Eight INTEL 2113 static ItAM

devices provide 2048 (2K) X 8—bits of read/write storage. The RAN

address space is located from 3800H to 3FFFH by jumper connection 120—

121. Four Intel 2708 Erasable and Electrically Programmable Read Only 
V

Memory chips provide 4096 (4K) X 8—bits of ROM. The ROM address space

V is located from 000014 to OFFFH . A complete memory map is given in Table

III , Appendix A. (The functional characteristics of the memories are V

given in the SBC 80/20 Hardware Reference Manual (Ref 16: Ch 3, 21—29 ) .)

Parallel I/O Interface

Two 8255 Programmable Peripheral Interfaces provide the input V

ports from the DAS 1128 and the heart rate detector. The remainder of

this section describes these interfaces as configured for this specific

application. A complete operational summary of the 8255 is available

in the hardware reference manual (Ref 16: Ch 3, 51—73 ) .

The 8255 contains three 8—bit ports (A, B, and C). The operating

system configures these ports to the strobed input mode (mod e 1, V

control word ‘B6H’). This configuration provides for two input ports

(A and B) and a control port (C). Each input port contains an input
j V

latch to hold the received data while the control port consists of

V six control bits and two output bits . (The SBC 80/20 modifications
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listed in the hardware reference manual (Ref 16: Ch 4 , 17—18 and 28—29)

V were accomplished.)

8255 #1 interfaces the DAS 1128 to the SBC 80/20 . Port A receives

the 8 most significant bits (MSB ); Port B receives the 4 least signif— V

icant bits (LsB) and the 4 multiplexer address bits. The Port C control

bits are used as follows:

C0
: INTRB 

— interrupt request (not used)

C1: IBFB — “high” indicates the data has been loaded
into the input latch

C
2
: 

~~~B 
— “low” loads the data into the input latch

C3
: 1

~~~A 
— (not used )

C4: ~~~A — (same as above)

C5: IBFA — (same as above)

C6: (output ) — set by control word ‘ØDH ’
reset by control word ‘ØCH ’

C7: ( output ) — set by control word ‘ØFH ’
reset by control word ‘ØEH ’

The !~~ signal from the DAS 1128 provides the and 
~~~~ 

signals.

Bit C6 provides the STROBE signal to the 
DAS 1128; while bit C7 provides

the TRIG signal (see Appendix F). The complete pin assignments for this

interface are given in Table IV , Appendix A.

8255 #2 interfaces the heart rate detector to the SBC 80/20. Port A

receives the heart rate count ; Port B is not used . The Port C control

bits are used as follows:

V C0 — C2 : (not used)

C3: INTRA — (not used)
( I
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t 4 A

C5: IBF A
V C6 — C7: (not used)

A strobe signal (
~~~

) is generated by the heart rate detector when the

count is completed (see Appendix G). The complete pin assignments for

this interface are given in Table V, Appendix A.

The 8255 I/O port addresses are given in Table VIII ; a complete

I/O port addressing table is given in the hardware reference manual

(Ref 16: Ch 2, 7).

Table VIII

8255 I/O Port Addresses

I/O Port Address
I/O Device (hexadecimal)

8255 #1 Port A E4

Port B E5
Port C E6

Control E7

8255 #2 Port A E8

Port B E9 -

Port C

Control ES

( 

(

__
‘
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Serial I/O Interface

The 8251 USART provides the output port to the Hazeltine 2000 video

terminal (the interface connector n f l  assignments are listed in Table

VI , Appendix A ) .  The remainder of this section describes this interface

as configured for the IFPDAS II prototype. A complete summary of the

8251 is available in the hardware reference manual (Ref 16: Ch 3, 34—51) .

The system software configures the 8251 as an asynchronous receiver/

transmitter. A ‘4EH ’ mode instruction programs the USART to the

asynchronous mode with 1 stop bit , no parity check, 8 transmitted bits,

and a baud rate factor of 16X. A ‘3714’ command instruction sets the

request—to—send and data—terminal—ready signals high, enables the

receive and transmit capabilities , and resets the error flags . Interval 
V

timer ‘2’ supplies the baud rate clock (see the following section).

Interval Timers

The 8253 Programmable Interval Timer includes three separate

counters (0, 1, and 2). Counter 0 is used as a frequency divider to

produce the 225 Hz clock required by the heart rate circuit (see

Appendix G). Control word ‘36H’ configures counter 0 as a square wave

rate generator. The counter is then loaded with 12ABH (4779) which

produces the desired frequency. Counter 1 is used as a real time

clock to inform the CPU of every 50 msec interval. Control word ‘7014’

confi gures counter 1 to interrupt the CPU when the count is complete.

The counter is loaded with DIE5H (53,733) which is equivalent to 49.97

asec. The time required for the CPU to handle the interrupt and reset

the timer brings the total time between interrupts to 50.00 macc.
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Counter 2 is used as a frequency divider to produce the baud rate clock

required by the 8251 USART. Control word ‘B6H ’ configures counter 2

as a square wave rate generator. The counter is then loaded with 003814

(56) which produces the desired frequency. A complete summary of the

8253 is contained in the hardware reference manual (Ref 16: Ch 3,

73—87).

Interrupt Controller

The 8259 Programmable Interrupt Controller provides the capability

to recognize interrupt requests, and based on that request, to jump to

any location in the memory map. This section describes the operation of

the 8259 in the IFPDAS II prototype. A complete operational summary of

the 8259 is given in the hardware reference manual (Ref 16: Ch 3, 87—110).

The 8259 uses a jump table stored in PROM (O3EOH to O3FFH) to pass

control to the interrupt handling routine. When the 50 msec timer

expires, an interrupt request (1R3) is sent by the timer to the 8259. V

The 8259 accepts this request and sends an interrupt to the 8080 CPU.

After the CPU acknowledges the request, the 8259 “calls” the fourth entry

of the jump table which causes a branch to the 50 msec timer interrupt

handler (T5oMs).

The operating system programs the 8259, during the power—up routine,

to accomplish this task. Two initialization command words (ICW) are

required to inform the 8259 of the location and length of the jump

table. ICW I (= ‘F6H’) and ICW2 (= ‘038’) “tell” the 8259 that the jump

table starts at O3EOH and that the call address interval is 4. After

the 8259 receives these two words, it is in the normal ( fully nested)

mode and is ready to operate.
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The 8259 is programmed by the CPU to ignore 1R2 . 1R2 is generated

by counter 0 which has a special function when the SOC 80/20 monitor is

executing (Ref 15:8). Since counter 0 is used for a different purpose

in the prototype than in the monitor , the 8080 sends an operational

cc and word (OCW) to the 8259. OCW1 (= ‘04H’) masks off 1R2 so that

this request is never “seen” by the 8259.

The final command sent to the 8259 by the operating system is

an end of interrupt (EOI) command word (OCW2 = ‘20 14’). This command

resets the in—service bit (IS3 ) which allows 1R3 to request another

interrupt.
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Appendix F
V - DAB 1128 Hardware Description (Ref 17)

The DAB 1128 is a complete self—contained miniature high speed data

acquisition system which is described in the attached 8—page pamphlet.

The module is hard—wired to its IFPDAS II prototype configuration;

these modifications are listed in Table IX along with their function.

These hard—wired modifications are also reflected in Figure 17, Appendix

V The complete operating characteristics are given in the pamphlet.
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Table IX

DAB 1128 Hardwired Modifications

Function Jumper Connection

16 single—ended inputs 11B to liT 
V

12B to 2B
17B to 19T
18T to 18B

Full range scale 0 — 5.12 volts 12T to 138
14T and 148 to 13T
15B to 16B

Full 12 bit operation 28T to DIG GND

Output code: Unipolar Binary 17T to —15 volts
29T (81) is MSB

Sequentially triggered multiplexer 24B to +5 volts
addressing STROBE to 8255 #1

TRIG to 8255 #1

Sequence 0 to 6, then repeat 4 OUT and 2 OUT to
external NAND gate

V Output of NAND gate
to 258

Highest accuracy CLK TRIM to DIG GND
(provides 2.08 microsec/
bit conversion time)

DLY TRIM to DIG GND
±15 V return to MA RTN

V +5 V return to DIG RTN

(
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~~~ ANALOG Low Cost, High Speed
- -

. 

- 

DEVICES Data Acquisition Module
L
[~~ -

iii: ~ITL I iJim~~~~~~ivfl
FEATURES . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

Complete Data Acquisition System ~~~~~~~~~~~~~~ ~~~~~~~~~~

12 Bit Digital Output
16 SIngle or 8 Differential Analog Inpute . 

- 

~
. - ,.. ~~~~~

- 
- - 

- . . -

High Throughput Rate -
‘

Sulectable Analog Input Ranges .. ‘ ‘
Versatile Input/Output/Control Format - 

~~~~~

Low 3 Watt Power Dissipation . 
. - 

• .

Small 3” a 46 a 0 375 Module

- . .~ :- . -

~k.:: ~~~

GENERA L DESCRIPTION The DM1128 is a high performance device which can digitize
The DM1128 is a complete self-contained miniatu re high an analog signal to an accuracy of ±½LSB out of 12 bits, rela-
weed data acquisition system. The compact 3” x 4.6” x 0.375” tive to full scale. It has t8ppm/°C gain temperatu re coefficient,
module provides the designer with an easily implemented solu- and the maximum throughput rate can be varied from 50,000
cion to the data acquisition problem. It contains an analog ir.- conversions/second for a 12 bit conversion from different
put signal multiplexer, a sample-and-hold amplifier , a 12 bit analog input channels, to 200,000 conversions/second for a
A/D convener , and all of the programming, timing and control successive 4 bit conversion made on a single channel.
cxcuiuy needed to perform the complete data acquisition
function. V
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SPECIFiCATiONS (typical @ +25°C and ±15V unless otherwise noted)
AIfALOG INPUTS DIGITAL OUTPUT SIGNALS V

Number of Inputs to Muttip le*cr 16 Single Ended . $ True-Differential. Compatibility Standard DTL/TTL logic levels S
16 Pseiido-Diffeicntisl unit loads/line.

input Voltage (Full Scale Range) -WV to . UV , OV to n O V . -SV to Parallel Outputs if ,al through 812 C)
.SV . OV to .SV. - IO.24V to Coding Natural binary , two _ s complement.•iO.24V, OV to .lU.24V . -5. i2V offiet binary , or one s complement.
to +5 12V , or OV to ’S. l2V . Pin selectable.

Mustunum Input Voltage t l SV MUX Addres Outputs Positive true natural binary coding
Input Current (per channel) SisA mix (1 1, 4.2 , I; pins 188. indicates channel selected.
I.pue Impedance >10” oh ms *91 through 22T)
Input Capacitance IOpF foe “OVF’~ channel DELAY OUT (Pin 23T Negative going transition (logic “I ’

IOOpF for “ON” channel to logic ‘U”) occurring normally
Input Fault Current (power off or Sjtaecs (adjustable from 3( ~~secs to

MUX failure) Internally limited to 2OniA 2(ki~~cs) aft er STROlls. command
Dimct ADC Input Impedance IOES1 for each input line initiates A/D conversion autoinsti-

cally when connected to the
Rasolution 12 ~~~ TR IGGER.

!~~~ (Pin 278) H igh (logic “I ”) output during A/DSnot Relative to F.S. ±t*LSB V

~~ aatleatio. Error ±%LS8 conversion.
Differential Nonlinearity’ Error ADJUSTMENTS & TRIMS
• 33kHz throughput rate ±1±1.58, 1l.SB max Offset Adjust
• SC$l4z throughput rare C I 1.58 Internal AdjuStment (Externally

Nsa Error ±%LSB Accessible) ±IOLSB’s (mm)
-PS so .FS Error Setween Succes- Remote External Adjustment

mb ~~aaneI Transitions ±21.58 (Pin 16T) ±IOLSS s (mm)
T 1 .  COEFFICIENTS Range Adju st

Gal. IppusPc. ZOppm/’C max Internal Adjustment (Externally
Sppu/~C, lSppmPC max Accessible) ±10158’s (miii )

Ddlstemisl Noalsaearily 2.Sppua/’C. IPpmPC max Remote External Adjustment
(Pin 168) ±lOl.S5’s (nsun )NGM&L DYNAMICS Qoek Trim (Pin 268)Thees.gh,_t Rate (12 Sits) 50kHz (mu) Factory Setting (Pin 268 ‘OPEN ”) L2S~s/8it( includes SMsecs for MUX and SHA External Adjustment Range l.2Ssts/B,t to 2.0ista/Bitsetelhig time plus lSissecs (or ADd Delay Trim (p in 238)MUX Croestalk (“OFF” 

~~~~~ Factory Setti ng (Pin 23Bes “0$” channel ) >50dB down 0 1kHz 
~~~~~~~~~~~ 3DiIk,e,itial Amplifier CMRR 70dB to IltH z External Adjustment Range 3 (*’s to 20~aslISA Acquinition Time to 00 1% 4 515wc max

lISA Aperture Uncertainty lonsec CONTROLS
lISA FISddIICUglI 70dB down P I kHz SHORT CYCLE (Pin 281) Connect to ground for full 12 bit V

resolution. Connect to B, outputGITAL INPUT SIGNALS 
for resolution to B,.~ bits.Csuiputsbthty Standard DTIJTTL lOgIC levels. Channel Selection Mode Random , sequential continuous.I snit load/line (MLJX Address Loading Mode ) and sequential trisicred. PinMUX Address lapels (8, 4, 2. 1 Positive true natural binary coding ,eiectaNaPlop 191 tbeo~~ i 228) sulecu channel for random address- A-D Con~~ si~~~Cbannel-SeIect Normal (input channel remainsmeg mode. Must be stable for Seqiunces selected during its A/D conversion)lOOnsec after STROBE. and overlap (next channel selectedMUX ENABLE HI (Pin Ill) High (logic ’) ”) input enables MUX miuring AIo conversion) Pin select-“HI” output (for inputs 0 through 7) 
ableMUX ENABLE 1.0 (Pin Ill) High ( logic “ I”) input enables MUX

“1.0” output (for inputs S through Range Select (Pin 121’) Differential Amplifier gain control

______ 
IS) connect to ANA KIN (Pm 21) for

STROBE (Pin 24T or 251) Negative going transition llogic ” ~~
‘ Xl gain~ connect to AM P OUT (Pin

so lngic ”O”)_updates MU X address i ll) for X2 gain. This control is
uegiser. STROBE I must bc a logic used i~ FSR selection procedure.

BINA RY SCALE (Pin 158) Connect to REF ADJ (Pin 168) to“l” tu e,able STROBE 2. STROBE
l muat be u logic ’ I ’ toeiiablc ,et refcrence to lO .24Y. This con-

trol is used in FSR selection pro-STROBE I .  V

LOAD ENABLE (Pin 245) High (logic “I”) input allows next cedure . ice Table II.
51’ROIt command to sequentially OUTPUT CODING (Pin 171) Ground for l ’s complement ou tput

code, connect to - I SVDC for otheridvance MUX addres, register. 
~~~~ tootsLow_( logic “0”) input allows next

BTRU8t command to update MUX POWER REQUIREMENTS
address register according to eater- +15%’ ±3% 4OmA, SOmA max
sal addreis Ut pUt i. -iSV f 3% 7OmA , IOUmA man

UIAR ENABLE (Pin 255) Low (logic “(El  input allows nest +SV 45% 2SOnsA . SOOmA max
5TROIt command to reset MUX Power Supply Seiisitivity 1
address to channe l ‘U overrid ing Gain f2 .OmV/V
WAD ENABLE. Offici Vt4OmVIV

TR IGGER (Pin 261) Positive going transit ion ( logic “0” iOSmV/V
so logic “I” ) initiates AID conies- ENVIRONMENT & PHYSICAL VI.. (even dunng conversion) . Operating Temperature o to
TR IGGER (Pin 27T) must bt at Storage Tempera ture •2SaC to .IS’Cto allow TRIGGLR Relat ive Humidity Up to 95% non-condensing Vfu .ctioi, . Electrical Shielding RH & EMI 6 sides (escept connec-TRiGGER (Pin 271) Negative going transit ion (logic I” toe area )to logic “U”) initiate, A/I) conver- PaCIIagiIIg Inaulaicd stetl cased modulc 3 (10’ * 460” aUon,Piis 261 (TRI GGER) muss be 0.371”
at logic ‘ I” ii, allow TRIGGER
func t ion PRICE $29S Ut) ( I  -9) . pr ice includes mating

righi-angle ciunneciuc.‘BUnop Usa is rapid .resuasy i t s  musan.
ig~~~~~~ i~~~~j5~~ ~ pieu. ..ly elien i,s,kir 4 • ISV .rd - ISV ppiius an said. ind tic
denip seevri~~ .ansiu,es .5 pen-,, iupei~. rehipus. 132 
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[II1I~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~THEORY OF OPERATION for all sensors, In each of these input schemes, it should be
A block diagram of the DAS1 128 is shown in Figure 1. Analog noted that the input multiplexer has been designed to protect
input signals are applied to the various inputs of the 16 channel itself and signal sources from both overvokagc failure End from
~~4OS multiplexer. This multiplexer in conjunction with the fault currents due to power-off loading or MLIX failure,- ‘ differential amplifier that follows it , can be configured by the
user to accept 16 single ended analog inputs, or 8 fully differ-
ential analog inputs. It can also be connected as a 16 channel en
‘spleudo-differential” input device, which permits some of the - fl

._ ~~~~s -  /benefits of differential operation while maintaining a 16 chan- 
~ 

- g 
~ 

~V
j

nd input capability . e-a’ — 
~~
. “ u s  

~

1’ 
V

The differential buffer amplifier is gain programmable by the ,~~~~ .~~~ T ~~~ ::~ ~ :‘ ~

“us9.0 •i ~~ I
V
i 0 inc

user via jumpers at the module pins. This feature , along with ‘““ ‘ i is ,,V~ o .... J i .— ,. •.
the selectable reference voltages, permits the user to set up the 

, 
~~~ _. :

i S ~~~~ I is us,
0” ~ n

different~ amplifier drives a sample-and-hold amplifier, whose ‘ -. I ‘ ~ I ~ 
/

DASI128 to operate on any of 8 input voltage ranges. The ‘ si is “us
10 ’  — — ‘

‘ i s- ,

‘ °‘ ::I 0’ 5”  i ~~~stant level while the A/D converter is making a conversion. $ E  
_____— °

function it is to hold the selected analog input signal at a con- ~~~~ ~~~~ 

_,)

The A/D converter is a high speed 12 bit successive approxima- —0. ‘ii
,..~~ —O. ‘5 ous. i,

tion device that has been designed using the Analog Devices’ I r-°’ “ --~
•

at us, s.*,w uAD562, 12 bit integrated circuit D/A. The reference voltage “.O. an
__________________ a Taut Oi~ rtm iNn*i.for the conversion is supplied by an adjustable precision refer- ~~ .5simioeemes,,.,~~~ “'“ se rtimusooireanunoi.u.un

mice circuit that has a temperatu re coefficien t of 5ppml°C.
In addition to these basic functional blocks, the DASI 128 also Figure 3, Signal Inpu t Connections f or Three Diff erent

Configurationscontains all of the clock circuitry necessary to perform the
complete data acquisition function. The internal clock can be
externally adjusted to provide various th roughput rates at diff- Full scale range of the DAS 1128 may be set by appropriateerent accuracies. Input channel addressing logic-is provided, as jumper connections for 8 different ranges: 0 to +1OV; 0 tois the capability to short cycle the AID converter (i.e. perform +5V; 0 to +10,24V ; 0 to +5 .12V; -10 to #10V~ -5 to +5V~conversions of less than 12 bits resolution). It is also possible -10,24 to +10,24V; -5,12 to +5,12V,for the user to adjust the time interval between input channel
selection and the commencement of a conversion. The user can Note that 10.24 and 5.12 ranges are commonly used since con-
thus trade off speed vs. accuracy in the settling time of the version increments become 5mV/bit , 2,SmV/bit , and i 25mV/
multiplexer and sample-and-hold amplifier , as well as speed bit,
versus accuracy of the A/D converter.

MUX AND S/H DYNAMICS — OVERLAP MODE

t1’~OST “d’~ j OOnovM$tS 
The overlap mode is defined as the ability of MLIX to accept

____________________________________________ a new channel address thereby selecting the next channel to be
00* aoonsss \~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L OOOOOOO~~ sampled while the previously acquired sample is being held byOSLAY OUT __________rrme~ _._J- %ssc—4~ the S/H for conversion, The dynamic characteristics of theNON _ _ _ _ _

__________ 1 —  25..SSC NON ~~~~~~ - S/H circuit are shown in Figure 4. Maximum throughput rates
~~l I - are obtainable when a single channel is held at a single address

5,2 ________________________

__________________________ and the channel is sampled repeatedly. In a dynamic condition , V‘PS ______________________________________

-Ps ~~~~~~~~~~~~~~~~~~~~~~ data-throughput rates obtainable are shown in Figure 5.

a an ow SAMPLE.HOLO DYNAMICS-Ps

PR EBEN TRACKING 

~~~~~~

F i~,r. 2. Simplified Timing Diagram, Showing Time’lnterval ANALOG
An~~,mgeita end Constants. INPUT

PR EVIOUS
ANALOG IINPUT CONNECTIONS V 0I~JT. ’~~~~~~~~~~ I MIN IMUM TURN OFF lIStS

MA*IMUM TURN OFF TIMEI—As shown in Figure 3, three input configu rations can be used,
UPI UP4CCRTAINTYAP(RT16 singk-ended inputs (3a) can be connected to the multiplex. -‘- ‘l 

________________er, all referenced to analog gnd. I n the second conf iguration I

(3b), the inputs arc connected ind iviaua)Iy as $ true diIferen- 5a~~~ 1 ncoussitio.. ~~ liOn, , TYP
COMMAI AC$ISVCD

tial pairs. In this case the differential amp lifier is connected HOLD
“Differentially” with the output of the MLIX , Finally, a
“Qizasi-Diffcrential” ~onncction (3c) can be realized under
favorable ground path condi t ions. In this configuration the
differential amplifier Lu terminal IS u sed as the gro u nd return Figure 4. Sarple-Hcld Pa rameters Def ined end Specif ied
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SHORT CYCLE GROUNDING CONSIDERATIONS
It is possible to short cycle the DAS1 128, i.e. stop the conver- Attention should be given to the methods of connection for
sion after less than 12 bits. This can be done by connecting an electrical returns and voltage reference points. Analog return
external jumper between short cycle terminal and one of the (ANA RTN) and digital return (DIG RTN) are provided. The
output terminals. With shorter cycles the attainable through- following ru les should be applied when integrating the DASI 128
‘ut rate increases, sec Figure 5. In short cycle operation the into the system.

~~ will decrease proportionately to the number of bits 1. If the ± 15V power supp ly is floating (for optimum analog
a~1ected, Note the short cycle terminal must be grounded for accuracy), connect its return to ANA RTN (Pin 211 or 2T).
fall 12-bit O~eratIOfl. If the ±1SV power supp ly is not floating, connect its return

to DIG RTN (Pin 35T or 36T),

— 
t CHANNEl. 361’). If th is supply also powers additional equipment , run

— — -NON EM LIMITED INPUT separate, parallel returns to the equipment ground and to
DIG RTN (Pin 35T or 36T).

— —1150 3. To minimize signal groundi ng problems, single’ended input
signals should only be returned to ANA RTN (Pin 2B or

7

,

J 

2. Connect the +SV supply return to DIG RTN (Pin 35T or

— 

OVER~~~P& NONOVERLAP.
21’)’ If this is not possible, then connect the input signals

4NCE RANDOM OR SEQUENTIAL in either the “true differential” or “pseudo-differential”

4. Connect computer ground to DIG RTN (Pin 35T or 35B).

~~~ 100 

/

~~~~~~~~~ — SDORE$S configurations (see Figure 3).

— — — Use heavy wire or ground p lanes.i.0

~ , -“I — — — 5. The computer chassis should be connected to the computer
and power supply grounds at only one point.

*11.50 DIFFEREN TIA L 6. Connect the third-wire ground from main AC power input
to the computer power supply return.

- IS 10 $ S 4 2

RESOLUTION - SEs
GAIN AND OFFSET ADJUSTMENTS

F~~sre 5. DAS1 128 Throughput Rates The DAS1 128 is calibrated with external gain and offset adjust-
mcnt potentiometers connected as shown in Figure 7 and 8.

‘UX ADDRESSING The offset adjustment potentiometer has an adjustment range )..xternai terminals have been provided for the address counter, of at least ± 1OLSB ’s, and the gain range adjustment potencio-
Thus the address counte r can be configured to produce the meter has an adjustment range of at least ±IOLSB ’s.
following modes: Continuous sequential scanning (free run- Offset calibration is not affected by changes in gain calibration ,
aing), sequential scanning with external step command, abbre- and should therefore be performed prior to gain calibration.
slated scan continuously, random channel selection, See Figure Proper gain and offset calibration requires great care and the6 and set up procedure for details, use of extremely sensitive and accurate reference instruments.

The voltage standard used as a signal source must be very stable,
NUN SCAN CONTROL CONNECTIONS

It should be capable of being set to within ± 1/1OLSB of the
EXT )—4 1V~~~ E 04T OR 251) desired value at any point within its range .
DIG C0~~~AN0 CtR~rRI 251 These adjustments are not made with zero and full scale input

signals, and it may be helpful to understand wh y. An AID con-DA$1121
verter will produce a given digit al word output for a small

1ST NUN ACOREU S

~~~~~~~~~~~~~~~~~~ ATE

207 NUN ADORESS 4 range of input signals, the nominal width of the range being
217 NUN ADDRESS 2 ~—Q one LSB. If the input test signal is set to a value which should
22T NUN *005(52 1

cause the converter to be on the verge of switching between
two adjacent digital outputs , the unit  can be calibrated so that

LAST NUN *005(55 
__________ it does switch at just that point. With a high speed convertCNN IEI. 2 1 DIO V GSOUMO

— 
I * A 

— 
IF L0A0~ERIIS AL1OUS0DV command ra te and a visual display, these adjustments can be

I N I N CONNE CT THIS INPUT TO IT
N S A 170 2051. THI$ OIVES LOA DV performed in a very accurate and sensitive way. A nalog Devices ’

i C N N ING P*IPSNENCI OVER Conversion Handbook gives more detailed information onC A CLEANING.
I C I N testing and calibrating A/D converters .N C S A ROTS FOR IN ITIA L CHANNEL -

I ~ a M. cOFINS CTOAV(OUTPUT TO
I N N A (eAWERS 12501 ATIO COOS

~~ 
N S N OIANIM L IN S. 4. 2. I T O

It ~ N U A * AGOM SI M NONE VI R.
II I c a a a TPIIS PRECLUDES RANDOM
~~ ~

C a a * aoouw’.o
St - , C S a a OFFSET CALIBRATION
IS 

~ 
M A For uni polar operation set the input voltage precisely to V

*.R0~~0MStCTIO(S +O.0012V and adjust the offset potentiometer until the con-
Figs,.’. 6. To thorten seanning sequency of multiplexer chan~ 

verter is just on the verge of switching from 0000000000 ()O to )
00000t)000()O 1.ssels, make the ~iprcpriate connections, (as thown in the chart) 

V

belttsen an external NAND gat. and MUX ADDRESS terminals For iSV bipolar operation set the input voltage precisely to
?9T to 21T. -4.9988V; for ±IOV unit s set it to -9.9976V. Adjust the offset

134

--  ~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ -- -- -~~~ ,- —-



-~~~~~~~~~~~~~~~ . - --- 
~~~~~~~~~~~

[ 111T11 11I1~~~~~~~~~~I1.1 T1~~

potentiometer, Figure 7, unti l Offset Binary coded units are CLOCK RATE ADJUSTMENT
V just on the verge of switching from 0000000000(X) to The clock rate may be adjusted for best conversion time/accu-

00000000000 1 and Two’s Complement coded units are just racy trade-off. The conversion time is Varied by means of the
on the velge of switching 100000000000 to 100000000001. external circuitry shown in Figure 9. An open CLK TRIM

terminal (Pin 26B) results in I .2Spsec/bit nominal conversion
*T.O FWADJUSIMEPIT nme~ A grounded CLK TRIM terminal (for highest accuracy)

) ~‘~‘Qj INCR EASE results in 208~isec/bic conversion.

5 .I0V REF. 15-T OFFSET

-
~~~~ 50T~~~ 

DECREASE

_ _ _ _

_ _

415k _ 

_ _ _

OFFSET 557 COFIv. TIME
/

ADJ

DECREASE
ANA. RTh 2T/2S

OFFSET 41k

35T/358 
INCREASE

COP4V. TIMEFIgure 7. Ext~ Offset Adjustment 
________

GAIN CAUBRATION
Set the input voltage precisely to +9.9963V for uni polar oper- Figure 9. Clock Trim
anon, +4.9963%’ for inputs of iSV or +9.9926V for inputs of
i1OV. Note that these values are 1~~LSB’s less than nominal DELAY TIME ADJUSTMENT
full scale. Adjust the 20k variable gain resistor , Figure 8, until The DLV OUT signal may be adjusted to vary the A/D conver-
Binary and Offset Binary coded units are just on the verge ter triggering time by means of the external circuitry shown
of switcl~ing from l l l l l l l l l l l O to 111111111111 and Two’s in Figure 10. An open DLV TRIM terminal (Pin 23B)results in
Complement coded units are just on the verge of switching a nominal delay time of 3.Opsec. A grounded DLY TRIM ter-

- from O l l l l l l l l l l O  t o O l l l l l l l l l l I.  minal (for highest-accuracy ) results in 2(*Lsec delay time
nominal.

INT. RANGE ADJUSTMENT

>“
~“42) DECREASE

iSV 36T/318 
DECREASE

_________ DELAY
10V REF. 

RANG E

REF. ADS . 108 .—V~M-lm -~~E 24)4, 3DELAY 230 IIIr~~~~1k 

V

TR I M

~

T

~~~~~

1A. Rfl 21/28 
INCREASE RTN 3511358 

INCREASE
RANG E DELAY V

SHOULD BE AT
LEAST 47kfl AND NO
MORE THAN aiOic .
REDUCING N INCREASES Figure 70. Delay Trim
ADJUSTMENT R ANGE. V

FIgure 8. Ext. Ref. Adjusswent

TABLE I

INPUT ANALOG INPUT AN ALOG JUMP ER V

cONFIGURATION CONNECTIONS INPUT RETURN CONNECTIONS V

16 Single-Ended 3T thru lOT All input returns 1 lB to lIT
Inputs and to 28 or 2T 125 to 2B or 2T
(Figure 3a) 3B thru lOB 17B to 19T

_______________ ______________ ______________ 
lST to l8T ’

B Differential 31 38 11B to 12B
Inputs thru thru 17B to 18T to “1”
(Figure Sb) lOT lOB

16 Pseudo-Differ- 3T thru lOT Common Input 11 B to I IT
ential Inputs and ‘ retu rn to 128 178 to 19T
(F igure Sc) 38 thru 108 1ST to 18B
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RECOMMENDED SET-UP PROCEDURE 4. Select output resolution.
1. Select input configuration, see Table I. a. Full 12 bit resolution: connect Pin 281 (SHT CYC)

V 

2. Select MUX address mode. to Pin 338 (DIG RTN).
The method of add ressing the multiplexer can be selected b. Bn (Sn < 12) bit resolution: connect Pin 28T to the
by connecting the unit as follows: OUtPUt pin for Bn + 1.

RANDOM. Set Pin 24B (LOAD END) to logic “0”. The 3. Select optimum throughput rate. C)
next falling edge of STROBE will load the address presented The system clock frequency and the STROBE to TRIG
to Pins 19B through 22B (8, 4, 2 , 1). The code on these delay (if used) can be trimmed to optimize the accuracy!
lines must be stable during the falling edge of STROBE plus throughput rate trade-off. See Figures 9 and 10.
lOOnsec. 6. Select input voltage full scale range. See Table II.
SEQUENTIAL FREE RUNNING. Set to logic “1”. Pin 7. Select output digital coding. See Table III .24B (LOAD ENB) and 25B (CLR ENB). Connect Pin 27B
(!~~

) to Pin 24T (STROBE 1). Connect Pin 23T (DLV
OUT) to Pin 27T (TRIG). Use Pin 26T (TRIG) as a run/ TABLE II
stop control (i.e. A/D conversion will continue while TRIG FOR FULL SCALE MAKE THE FOLLOWINGis high and will stop while TRIG is low). RANGE OF: CONNECTIONS
SEQUENTIAL TRIGGERED. Set to logic “1”, Pins 24B 0to +IOV 12T to 2T; 14T to 148 to ADC Source’.(I.OAD ENB) and 258 1CEW!ND3~ Connect Pin 24T
(STROBE) to external triggering source. The multiplexer to +10.24V 53Jfl~ iSO to +10V plus 158 to 16B.
address register will automatical ly advance by one channel o to +5V 12T to 13B; 14T and 14B to ADC Sourcc .

V whenever a STROBE command is received. The initial chin-
Ot o +5.12V same as o to +SV , plus l5Bto  16Bnd can be selected by setting Pin 24B (LOAD END) to logic

“0” during only one STROBE command. The multiplexer -1OV to +1OV liT to 2T; 14T to 1ST; and 14B to ADC
address will then be determined by the logic levels on Pins Source s.
198 through 228 (the external MUX address lines) . Chan nel

-10.24%’ to +l0.24V same as -IOV to +IOV , plus 15B to 16B“0” can be selected as the initial channel by setting Pin 25B __________________ ____________________________________

(CLR ENB) to logic “0” during only one STROBE corn- -5V to #5V 121 to 13B; 14T to 151 and 14B to ADC
mind. The final channel can be selected by following the 

________________ 
Source’.

procedure presented in Figure 6.
-5.12V to +5.12V same as -5V to +SV , plu s 15B to 168.

3. Select A-D conversion/channel select sequence (see Figure 5).
‘AL’C Source is ua~alIy Sample and Hold Output (13T), but may be any(I) NORMAL (input channel remains selected during signal source including Diff. Amp. Output (13B) if Sample and Hold is

its A/D conversion). Connect Pin 23T (DLV OUT) not desired.
to Pin 27T (TRIG) .

(2) OVERLAP (next channel is selected during A/D TABLE III
conversion). Connect Pin 27B 1EC~~

) to TTL corn- OUTPUT CODE CONNECTIONS
patib lc inver ter input. Connect inverte r output to

Unipolar Connect 171 to -15VPin 241 (STROBE) . Connect Pin 23T (DLV OUT)
Binary Use 29T (81) for MSBto Pin 27T (TRIG) . Adju st the delay to at least ___________________ _____________________

4~isec greater than ~~~, 20~,ssec max (see Figure 10). 2’s Complement Connect 17T to -iSV
The signal on Pin 26T (TRIG) serves as RUN! Use 28B C8T~ for MSB
STOP control. Offset Binary Connect 17T to -15%’

(3) REPETITIVE SINGLE CHANNEL. After selecting 
_______________ 

Use 29T (Bl )  for MSB
the input channel to be repetitively sampled (see l’s Comp lement Connect liT to 28
MUX ADDRESS MODE, above), set Pin 27T (i~1~) Use 288 (Ill) for MSB
to logic “0”. Connect Pin 26T (TRIG) to a trig-
gering source. Conversion process is initiated by
positive edge of TRIG command.

.3
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_ _ _ _ _ _ _ _ _ _ _

_ _ _ __ _ _  
________ -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
V SLOU(NTIAL ADOHISSING

RANDOM ADDRESSING ~— ~~~ NOPdOVE REAP MODE —~~~~~~

LOAD ENA SLE QQQO(~ ~~ OOOOQOOOOC (~ ~~ X)~OOOOOOOOOOO~ ~~ DC~)OOO0OOOO~~~
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Outline Drawings and Pin Designations
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Appendix G

Sensor Interfaces

This appendix discusses the three circuits that were designed ~~~ V

built to interface the oxygen partial pressure sensors, the acceler—

cmeters , and the heart rate detector to the IFPDAS II prototype.

0)111 Sensor Interface (Ref 18)

The circuit in Figure 21 interfaces both Beckman OM11 polaro—

graphic sensors to the IFPDAs II prototype. The OM11 sensor is biased

to —740 mvolts and produces a current ( approximately 2 microAmps for

air at room temperature ) that is proportional to the oxygen partial

pressure of the gas that surrounds the sensor. An amplifier converts

this current source to a voltage output. The output signal ranges

from 0 to 5.0 volts corresponding to oxygen partial pressures of 0 to

760 mm Hg; the response time for the sensor is 800 msec when exposed

to a pure oxygen source .

The D
1—R1—R2

—R3 
combination acts as a voltage regulator and

divider reducing the —15 volts to the necessary —740 mvolt sensor

bias. The sensor current output is then amplified through amplifier

A1 
to produce 1.0 volts (152 mm Hg) .  The C1—R 5 combination determines

V the amplifier gain and provides low pass filtering with a 5 Hz cutoff

frequency. Temperature compensation for the sensor is provided by a

built—in 10K thermistor (R7
) which , in parallel with R8, automatically

adjusts the gain for chang ing sensor temperature . Calibration of the
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interface is accomplished using a 100% oxygen source and adjusting

potentiometer R9 for a signal output of 5.0 volts.

If faster sensor response time is necessary, the circuit of
V V Figure 22 can be used to compensate the sensor. This circuit was

provided by Beckman Instruments (Ref 19) and it reduces the sensor

response time to 100 mmcc . Power consumption of this circuit can be

minimized by utilizing all UA776 amplifiers which can be biased for V

.icrowatt power consumption by appropriately selecting the bias

resistors (Ref 20: Ch 8, 458—466).
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V

Accelerometer Interfaces

The Statham 1—15—340 accelerometer interf ace circuit is shown

V in Figure 23.

I I C 1
— f isc

4

Sta tl5am — A VI/V,AI

Fig. 23. Accelerometer Interface Circuit

The output range of the circuit is 0 — 5 volts corresponding to

—3 to +12 G’ s. Resistors R1 and R2 provide a 1.0 volt (3 G) offset of

the bridge. With the accelerometer oriented as shown , R
1 is adjusted

to provide a 1.33 volt (1 G) output signal . Feedback network C1—R 3
determines the amplifier gain; and capacitor C1 provides filtering to

V 

reduce the effects of transient G’ s. - The filter cutoff frequency is

approximately 20 Hz.
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The output of the amplifier can be tested by changing the orienta-

tion of the accelerometer about the longitudinal axis and observing the

corresponding signal outputs~ With a 90° clockwise rotation, the probe

senses a zero—G condition and the amplifier output signal is 1.0 volts .

With an additional 90° rotation , the probe senses a negative—one—G

condition and the output of the amplifier is .67 volts .

Heart Rate Detector

The heart rate detector consists of an ECG amplifier, R—wave

detector , and digital interval counter. The analog portions are shown

in Figure 24; the digital portion is shown in Figure 25.

V The ECG amplifier increases a 1 mvolt ECG signal to a minimum of

1.5 volts. The differential ECG (leads 1 and 2) is input to amplifiers

A1 and A2 , and lead 3 is used as a reference to reduce the common mode

voltage. Feedback networks R1—C1 and R
2
—C
2 

provide the gain and high

frequency filtering. Potentiometer R4 allows the gain of the differ-.

ential input stage to be varied between 30 and 100.

The amplifier signal is capacitively—coupled to amplifier A3
tbroug~ C3 

and C4. This helps eliminate DC baseline shifts. Amplifier

£3 provides final signal amplification with a differential mode gain

of 50. The ECG signal is then filtered through a double—pole , low

pass , active filter using amplifier A4 . The filter bandwidth is 60

Hz and its low frequency gain is unity.

Resistors R 1, R2 , and R7 to R10 were chosen within .5% tolerence

to reduce the comuon mode amplifier gain. Resistors R5, R6 , R11, and

set bias currents for low power ( 500 microwatts) operation of the

MC1776 operationa l amp lifiers .

•

L~~. V ~~~~~~~~~V V V 

14 

V ~ V _ _ _ _ _ _



V _V~~~~~~~~~ - V V

V -~ Q.’
4

~~~~
V I

~ _I 1.~~0 V

V 

Lu0  
~ c~ ‘? ‘~L 

_-I  •~~~~~~~~~I Z -I. “ I — 
~~~~

.

08 
V% rr) ~~~~~~~t~~~~ E , ~~~~~~~~~~~~~~~

f r~ .~ . 
V

~~~ 

~~~ V

—‘fmv- 4.
r

!~~~ a~ ~~

-‘ £s
0

)‘ 
4. .. ., ‘ V

• :~~ -• ~~~~ .
141 

I~~~~~~~ +

‘I
I~~ 4. V.4 I .4.5

(44 
~
.. 

~~ 
.44 V

11 —

+

V I ’ z t +~~~~~~~~.,
N

.44 V

s~ ~~~~~~

V 

T1r~ 
LW~~

_ii.. 
V

145

_ _ _  _ _ _ _ _ _ _ _  
_ _ _ _ _ _  V.4



V _ VV.V. V V V. V. VV.V.V VV V ~V. VV V V V.V. V V_ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V_V.~ V._V.~V.V. V V -~~~~~-

V 
U I U r ~ J 5

4 

~~~~~~~~~ 
~ :

‘

L _ _ _ _ _  

- .
_ _ _ _ _ _ _ _ _ _  

_ _ _ _  

_ _ _ _ _  

IIio
A wq~.e detest 

- L r L~3 8 1

. 

_ _

_

(130 - SN7400 U32 SN7+!2 1
1131- SN74393 1/33 SN 7+74
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The filtered ECG signal is input to an inverting comparitor (A
5
).

A reference voltage, adjustable by potentiometer R16, is compared to

the ECG input and a pulse is output when the peak of the ECG is above

the reference voltage. This pulse is then output to the digital

portion of the circuit. V

The detector circuit is adjusted by monitoring the ECG on a

strip chart or oscilloscope. The amplifier gain is adjusted by R4 to

obtain an ECG peak magnitude of 2 volts. The threshold voltage can

be adjusted by R16 to detect all of the R—waves without mis—firing

on the noise.

• 
V The output of the R—wave detector is input to the digital counting

circuitry (Figure 25). This circuit counts the number of 4.44 msec

(1/225 Hz) periods between detected R—waves. The dual—D flip—flop

configuration (1333) shapes the variable width R—wave pulse to a single

4.44 msec pulse. This pulse is input to a monostable multivibrator

(U32) to generate a 1.40 microsec §
~ for the 8255. The 4.44 msec

pulse is also gated to clear the counter prior to subsequent counting

pulses. (A timing diagram of this sequence is given in Figure 26.) V

The oxygen and accelerometer circuits are biased at 15 volts so

that the DAS 1128 power supply can be used. A +5 volt power supply can

be used with low power operational amplifiers (i.e., MC1776 or LM312)

by splitting the +5 volt power supply to provide the necessary ± 2.5

volts. . 

V 

V
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p

V Two 01111 sensor interfaces, the accelerometer interface, and the

heart rate detector are contained on a 2.75” x 4.75” component board

which is housed in a 3” x 4” x 5” aluminum box. The amplifier and

potentiometer orientation is shown in Figure 27. The interface box

V external connections are shown in Figure 28. The pin assignments for V

the 25—pin interface connector are given in Table X.

V 
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Table X

Chassis Pin Connections

External Connection Pin # Chassis Connection

N/C 1 N/C
thermistor (white) 2 )

01111 #1 thermistor (green) 3 to PO2IN

(PO2IN ) cathode (red) 4 f amplifier
• 

V anode (black) 5

• N/C 6 N/C

N/C 7 N/C V

N/C 8 N/C
N/C 9 N/C

accelerometer p in 2 10 to accelerometer
accelerometer pin 3 11 J amplifier
+15 VDC (red ) 12 +15 volt bus

—15 VDC (white) 13 --.15 volt bus V

thermistor (white) 14

01111 #2 thermistor (green) 15 to PO2OLJT

(PO2OUT ) cathode (red) 16 
~ 
amplifier

anode (black) 17 -~

N/C 18 N/C
N/C 19 N/C V

OM11 shields 20 GND

N/C 21 GND

accelerometer pin 4 22 V GND

GND (black) - 23 GND
V accelerometer pin 1 24 +5 volt bus

+5 VDC (blue) 25 +5 volt bus
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- Appendix H

V 

)~agnetic Bubble Memory Interface Diagrams

These diagrams show the interfacing required to test the bubble

memory with the prototype. The diagrams were supplied by Gerald Cox

of Texas Instruments, Inc., Dallas, Texas.
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Appendix I

Oxygen Consumption Calculations for Single Breath Analysis

Oxygen consumption is measured by analyzing the mass of the gases

of inspiration and expiration. When laboratory conditions permit , pre-

cise measurement of inspired and expired flow volumes can be made, and

their gaseous contents can be accurately analyzed . Oxygen consumption

is then calculated by subtracting the quantity of oxygen exhaled from

the quantity of oxygen inhaled (Ref 21:681—685).

Since the IFPDAS II is used in flight, precise analysis of the

respiratory gases and oxygen consumption measurements become more

difficult. The diluter—d emand oxygen regulator provides a mixture

of oxygen and air to the pilot. The regulator adds a minimum of 0%

oxygen to a maximum of 30% oxygen at sea level. The mixture varies

according to outlet flow and altitude as shown in Table XI (Ref 22).

Because of varying mixtures, the oxygen consumption analysis involves

measuring the inspired and expired volumes and flow—volume averaging

the inspired and expired oxygen contents (Ref 23). This method allows

a single breath analysis of oxygen consumption using IFPDAS measured

parameters. The Beckman OM11 oxygen sensors provide measurements of

oxygen partial pressure and the flow sensors provide measurements of

flow volume. For this application, the OM11 sensors require the lead

compensation discussed in Appendix G which decreases the sensor response

time to 100 macc. The remaining discussion presents the mathematical

anaylsis and the IFPDAS II implementation.
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Table XI

Oxygen Ratio

ALTITUDE OUTLET FLOW % OXYGEN ADDED FROM SOURCE
(1000 FEET) (LiTERS/MINUTE) MINIMUM MAXIMUM

0 15 0 30
0. so o 30
5 15 1 33
5 . 50 1 33
10 1’6 8 45
10 50 8 45
10 135 6 60
15 15 14 52

V 

• 
50 14 52 V

15 135 V 14 70
20 15 . 24 55
20 50 24 55
20 V 135 ~ 

24 80
25 15 40 80
25 50 •~~~~

, 40 V 80
25 135 

- 40 90 V

28 15, 50,135 60 100 V

32 135 98 100

With diluter
________________ at_100% 

________________ ________________

AU altitudes 15, 50, 135 98 100

(Ref 22)

The instantaneous expired oxygen volume is re).ated to the partial V

pressure of oxygen by

d ~E02 d [ ~E 
(22 )

at dt
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where,

tV ~~ V

• 

= Volume of expired oxygen (liters)

V8 Volume of expired air (liters)

P802 = Partial pressure of oxygen expired (mm Hg)

P_A1,5 = Absolute pressure (mm Hg)

Since,

02,1”Abs = (23)

where FE is the oxygen fraction in the expired air.
02

Using Eq (23), Eq (22) becomes,

d VE d VE 
F
E }

= (24)
dt dt

The flow—weighted expired oxygen volume then becomes,

YE02 = f ~E VE dt (25)

breath

where V8 is the expired volume of oxygen in liters/breath
02

t o  V
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A similar computation for inspired oxygen volume is made and the

t .  per breath oxygen consumption can then be computed:

V %V (liters/breath ) = V — V ( 2 6 )102 E02

where,

V02 = Volume of oxygen consumed (liters/breath)

V1 = Inspired volume of oxygen (liters/breath )

The expired oxygen volume measurement is made using the curves of

expired flow volume rate and oxygen partial pressure as shown in Figure

33. The per breath expired oxygen volume is the area under the V

~‘E ) ( VE ) curve measured over the period of one breath . A trapezoidal
02

approximation to the area under this curve will yield the flow—weighted

expired oxygen volume:

[ ~~ 

~~~~~~~~~ vEl] 
+ ~~~~[FE .  V

E }

+ ~ {‘FE V
E J  

]  

t (27)

V 
where,

— Expired oxygen fraction value

V 

V 
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2=F.EO2

Samp frng

VE (t/m)

/20
Samp (i rg

•
0 ~~~~~ 

20W

V (VEXFEO2
) (Ym ) I

~24

Pro duct of

o~~~~~ 
P\

.O5se c

Pig. 33. Flow Rate Weighted Expired Oxygen Measurement
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V V8~ — Expired volume flow rate sample value (liters/mm )

t — Sample to sample width (mm )

A similar method is used to determine the inspired oxygen

volume and the pil ot’s oxygen consumption is then computed:

“02 (liters/mm ) = V1 — V (28)
02

The IFPDAS II operating system can be modified to store all of the

parameters required for an accurate calculation of the oxygen consump-

tion if an inspired flow sensor is acquired. The required flow-weighted

sums are calculated as follows: As the inhaled breath is detected, the

inhaled flow rate/oxygen—fraction product is calculated. These samples

are summed over the period of the inspired breath and stored. A similar

product—sum is calculated for the period of the exhaled breath and

stored. These values are then available for altitude correction and

integration on the ground.

A sampling rate of 20 Hz is adequate to insure minimal error for

the trapezoidal approximation of the integral as the breathing rate

averages only .2 Hz. This routine also allows ample time to perform

the necessary multiplication and division routines, each requiring a

maximum of 380 microsec. Measurement delays can be compensated for by

temporarily storing sample values and time—adjusting them to provide

maximum accuracy.
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