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Technology Research for Strapdown Inertial Experiment and

Digital Flight and Guidance

FINAL REPORT

General Summary

The University of Southern Colorado research engineers were involved
in: (1) Investigating strapddwn inertial sensor systems and (2) Studying
the system requirements of digital avionics systems in rotorcraft. This
included feasibility examination of digital data acquisition techniques
in aircraft and the use of digital systems in rotorcraft for the purpose
of specifying design criteria for integrated guidance, navigation and
control. Results from the research produced three literature publications
and several wofking reports for NASA. A chronologically ordered cumulation
of thege publications is provided following. this summary.

The main objectives of the University of Southern Colorado's coop-
erative agreement at NASA-Ames were to test a Strapdown Inertial Navigation
System and to provide system criteria required to design reliable cockpit
avionics systems for rotorcraft. The applied research conducted was divided
into three areas: (1) To develop a digital data acquisition system and
flight test a Strapdown Ring Laser Gyro Tetrad Inertial Navigation System
in a VH-1B helicopter. (2) To develop, design and build an operational
interface for the Rotorcraft Digital Advanced Avionics System (RODAAS)
and (3) To integrate and test the navigational capabilities of a Diffe-
rential Global Positioning Satellite System.

1



The first area of research involved a helicopter flight-test program
to evaluate the 'performancé 'of Honeywell's Tetrad - a "strapdown, laser
gyro, inertial navigation system. The results of 34 flights showed a mean
final navigational.velocity error of 5.06 knots, with a standard deviation
. of 3.84 knots; a corresponding mean final position error of 2.66 n.mi.,
with a standard deviation of 1.48 n.m.; ‘and a modeled mean-position-error
growth rate for the 34 tests of 1.96 knots, with a standard deviation of
1.09 knots. Tetrad's four-ring laser gyros provided reliable and accurate
angular rate sensing during the test program and no sensor failures were
detected during the evaluation.

The second area's objective.of the cooperative agreement was to de-
velop criteria suitable for investigating cockpit systems in rotorcraft.
~ This criteria led to the development of two basic simulators.

The first was a standard . simulator which could be used to obtain
baseline information for studying pilot workload and interactions. Figure
1 is a block diagram of this system. The instrument panel used was
typical of a UH-1H helicopter. The mathematical model for the UH-1H was
implemented in the Dec 11/23 minicomputer, while all instrument controls
were implemented in the microcomputer data adapter.

- The second was an advanced simulator which integrated the RODAAS
developed by Honeywell into this simulator. Unlike the standard system,
the RODAAS integrates an advanced set of avionics functions into hardware.
Figuré 2-is the microcomputer system which was used to interface to the
RODAAS instrumentation.

The second. area also included surveying the aerospace industry to
determine the 1level of use and impact of microcomputers and related
components on avionics systems. It was determined that the useage of
'microcomputers and related components is very extensive. A report was
written pertaining to this and is a part of the appendix.
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The third areé of investigation was to integrate and test the naviga-
tional ‘capabi1itiés of -a Differential Global Positioning Satellite
(Differential GPS) System, which is a prototype space-based radio navi-
gation system developed by the Department of Defense. Work for NASA in
support of the Differential GPS fell into the following areas: literature
search, hardware installation in the SH3 helicopter and laboratory, techni-
cal visits to Magnavox to verify performance of a NASA interface processor
(NIP) and final acceptance testing of the NIP, design and testing of soft-
ware used in the NASA computer to gather data and send the data via tele-
metry to a ground station for recording, and support of the preliminary
Differential GPS flight experiment. This report is accordingly embodied
in the appendix. ' :
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ABSTRACT

In 1983, a nationwide survey was conducted of the avionics
use of microprocessors and microcomputers, including their asso-
ciated memories and peripheral devices. In this survey, it was
determined that microprocessors and microcomputers have made
a great impact upon the avionics industry. They are being used
in numerous applications such as control, communications, guid-
ance, navigation, and system monitoring. Based on this informa-
tion and in light of the current state-of-the-art in computer
hardware and software, this report suggests some philosophical
‘design considerations which could influence hardware selection
- and attempts to predict trends in computer hardware applications
for avionics systems.
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INTRODUCTION

Many aircraft functions including control, navigation, guidance, communica-
tions, and system monitoring are being implemented reliably and accurately
with the aid of the digital computer. The use of digital computer-based
avionics equipment represents a potentially high cost for modern aircraft,
thus a desirable goal for avionics systems is to find ways to minimize
cost and still retain high system reliability. With the advent and increas-

ing use of the microprocessor in recent years, this goal is being met.

Due to the advanced nature of the NASA/AMES flight research program, the
selection of any avionics equipment must consider the tyaes of systems
which will be representative -of the post 1985 time period. Selection is
complicated by the fact that both digital systems technology, and the

applications of microprocessors in these systems, are changing rapidly.

In 1até 1982, the University of Southern Colorado decided to conduct a
-nationwide survey of avionics engineers on their use of microprocessors
and the associated peripheral devices, such as membry, in avionics systems.
S{nce NASA had recently demonstrated the use of microprocessors in an
advanced avionics system, -the University and NASA Eoncﬁrred it would be
desirable to know what level of microprocessor integration exiéts in the
avionics industry. Hence, this survey report considers current state-of-
the-art avionics computer hardware and miéroprocessors, suggests some
philosophical design considerations which could influence computer hardware
selection, and attempts to predict trends in computer hardware applications

for avionics systems in the middle and late :1980's.



A questionnaire was developed by the University in late 1982 and early
1983. It was mailed and received by 168 avionics engineers identified
as being directly involved with av{onics system design in the spring of
1983 and again as a follow-up {n the fall of 1983. To allow time for the
maximum'number of responses, analysis of the data did not begin until
January of 1984. The number of questionnaires returned was 64, which con-

stituted a 38% response.

This report should be valuable to the systems engineer in designiné avi-
onics systems because it 1nc1udes'deta11ed data on the types of micro-

processors, . memories, microprocessor applications, and programming
languages presently used or anticipated. A copy of the sufvey form is

included in the Appendix.



RESULTS OF SURVEY

The data, graphs, and tables are presented in this section according to
the survey form given in the Appendix. There are twenty-eight questions

arranged in the following outline form:

Section I: Microprocessors

A. First type used
B. When first used
C. Plans for purchase

1. Type (Standard, dedicated or custom)
2. Bit size (4, 8, 12, 16, over 16)
3. IC type (CMOS, NMOS, etc.)

Procurement and purchasing
Applications
Architecture

mmo

1. Performance
2. Standard or advanced

Section II: Memory
" A. Type

1. Semiconductor
2. Bubble

B. Access time ,
C. Total memory required

1. 1982
2. 1983
D. Purchasing Factors
1. Speed
2. Performance
3. Price
4. Others

EPROM to mask, ROM capability
External data storage

mm

Section III: Miscellaneous

A. 1/0 ports
B. Critical discrete devices and IC's for MPU
C. Does MPU system replace a current non-MPU based system?



Section IV:

Microprocessor Systems

A.

B.
C.
D

Will MPU system use system development tools and which
ones? .

Importance of high level languages

Throughput and maximum power of microcomputer system.
Does MPU use "Built-In-Test or redundancy?

1. What type?

2. Time critical?

3. Synchronous or asynchronous?
4. Failure detection threshhold?

SECTION I - MICROPROCESSORS

Q1 - What'was the first microprocessor you used?

The bar graph of Figure 1 shows the results. The greatest number
of respondents (26) selected Intel's microprocessors with the Intel
8080 having the highest frequency of use in avionics possibly be-
cause it was one of th2 first available. Mororola's 6800 was sec-
ond, with five responses. Other types of microprocessors used in-
clude those manufactured by Rockwell, Texas Instruments, AdVanced
Micro Devices, Digital Equipment Corpdration, Zilog, Natijonal,
Fairchild, and Mostek. ' '

Intel
Motorola

Rockwell
Texas Instruments

Advanced Micro
Devices .

Digital Equipment
Corporation

Zilog

National-SC/MP,
Falrchild=F8,
CDP-1802
MOSTEK-3B70

Figure 1. First Microprocessor Used

0
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2 4 6 8 10 12 1 16 18 20 22% 21" %

8080 | 8085 | 8008 [4004 |
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Q 2 - What year did you first use microprocessors?

This data is given in Figure 2 and dndicates that most avionics
specialists first began using the hicroprocessor between the years
1975-1978. This period coincides with the introduction of 8 bit
microprocessors. Responses ranged from as early as 1970 to as late
as 1983.

' Figure 2. First Year of Mig:roprocéss._or Use_'.

Q 3 - In 1983, have you purchased or do you plan to purchase MPU systems?

91% answered yes, 7% answered no, and 2% of the respondents did
.not answer the question.

Q 3A - If yes, wi]i they be standard, dedicated, or custom?
Figure 3 shows the results:
1. 55% are standard MPU's.
2. 29% are dedicated MPU's
3. 16% are custom MPU's. .
It is likely that the majority use standard MPU's because of their
flexibility for system design.
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Have they been or will they be 4 bit, 8 bit, 12 bit, 16 b1t or
over 16 bit?

The results of this quest'lon are given in Figure 4. The 16 bit
MPU is the most popular, followed by the 8 bit MPU. The over 16
bit MPU is at 13% of the total, which might indicate its growing
popularity.

~ Figure 4  MPU Data Bus Size
- y

Will the MPU's be IIL, Schottky, CMOS, NMOS, or PMOS?

As shown in Figure 5, NMOS and CMOS lead the field at 36% and 34%
respectively; the others range from around 5% to 9%. NMOS devices
have been popular and are in high production by manufacturers.

They are also usually faster than PMOS MPU's. CMOS may be slower

than NMOS or PMOS; they are low power devices, and are relatively
unaffected by variations in power'supp‘ly voltage (NMOS MPU's require
well-stabilized power supplies). The IIL and Schottky devices are
normally chosen where high speed is essential. Their high power

" requirements may be the- reason they have limited use in avionics

systems.



Figwe 6. MPU Process Type
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Q 4A - How will you procure your MPU'S?

As illustrated in Figure 6, thiS question breaks down as follows:

As chips alone for in-house design (components) - 39%
As chips on boards (sub systems) - 20%
As assembled modules | - 20%

‘Complete MPU System
(includes memories and power supp11es) - 21%

It appears that the greater percentage of respondents preferred
to do their own in-house des1gn using MPU chips. This corresponds
with the resu]ts of Question 3A.

Figwee - MPU; Procurement

As chips on boards (sub-system)- .

As chlps alone for in house design
(components)

As assemblod modules

‘Complete MPU system




ORIGINAL PAGE IS 8
OF POOR QUALITY

Q 4B - If assembled modules, which ones do you contemplate buying?

As shown by Figure 7, the largest percentage of designers, 38%
contemplated buying the processor-on-a-board.

Figue 7 ~ Assembled Module Type

D/AﬂA/Dconvpnoeroo....

®0ooevevoe

" Processor on a board. .,

Q 5 - Does your MPU application relate to:

~ Digital System? ‘

Electromechanical System?

Microcomputer Control System?

Avionics Computer System?

Functional Display System? A B
The results, given by Figure 8, indicate that microcomputer
control systems and avionics control systems have the highest
application of MPU's at 26% each. |

Figure 8 MPU Applications




Q 6 - In what applications do you use your microcomputer systems?

Figure 9 shows a fairly even distribution of applications. Control
systems ‘and data acquisition systems had the highest number of
responses at 37 and 35 respectively. Most of the other applications
were fairly closely grouped, ranging from 20-32 responses. Other
applications had only 7 responses.

Figure 9. Microcomputer System Application

Contro! gsystems.

Data acwldﬂon Systems
Ground support equlhment
Navigation

instrumentation

Flight management systoms
Communication systems
Flight test systems

| Guidance
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o 35 40
+ of Responses

Q 7 - Which of the following factors do you feel are the most important
in your company's MPU buying-decisions?
As indicated by Figure 10, 15 different factors, such as price,
performance, speed, etc., were considered. Performance was the
factor most cited, followed by reliability and development software
availability, as well as a second source. The other factors fell
in a range of 1-28 responses.
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Figure 10 MPU Buying Decision Factors
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Q 8 - Is the microprocessor architecture a:
general purpose microprocessor? ORIGINAL PAGE s
all in one microprocessor? OF POOR QUALITY

bit slice microprocessor?
VHSIC microprocessor?

The pie chart of ngure~]1 points to the general purpose micropro-
cessor at 40% as the most popular architecture. The other less
popular types of architectures range from 12% to 26%, but comprise
a significant percentage of the total.

" Figure 11 Mlcronro.caésor Architecture

" VHSIC microprocessor s q General Purpose microprocessor
" v

All In one microprocessor
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Q 9 - Did the microprocessor perform as expected?

89% answered yes, 9% indicated no, and 2% gave no answer.

Q 10 - If not, tell why.

Generally, the MPU's did perform as expected; if they did not,
then the major reason given was that the MPU was not fast enough:

Not fast enough - 67%
Limited I/0 ports - 17%
Limited interrupt capability -17%
Limited memory addressing capability - 0%
Other - 0%

Q"TIA- Will you be using advanced architectures such as bit slice, Z8000,
68000, etc., in the future?
91% of all respondents said yes to- this question, while 7% said
no, and 2% gave no answer.

Q 11B- If yes, what general application and why?

41% of all respondents planned to use advanced architectures for
avionics flight control and management systems; the rest did not
indicate their application. The reasons for use of advanced archi-
tectures included speed, performance, reliability, memory capabil-
ity, etc., in that order. See Figure 12. ‘

Figure 12 Advanced Architecture Use
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If no, why not?

Only 3 respondents cited cost and 2 cited power ratings as reasons
for not using advanced architectures. None of the respondents se-
lected any of the other reasons listed in the survey.

I1 MEMORY

Q12 -

Q13 -

Have you used or do you plan to use semiconductor memories and/or
bubble memories during 1982 or 19832

The largest percentage by far, 84%, planned to use semiconductor
memories, and only 14% planned to use bubble memories. Two percent
of all those surveyed planned to use neither.

What speed (maximum access time in ns) is best suited for your

system? (Check all that apply.)

For the various kinds of memories, such as dynamic RAM's, static
RAM's, ROM's, PROM's, EPROM's, and bubble, the results are shown
in Figure 13. For example, for CMOS static RAM's, 55% of the re-
spondents indicated 20 to 200 ns speeds as being most suited to
their system. Fifteen percent desired speeds of 200 to 250 ns,
eighteen percent wanted speeds of 250 to 300 ns, and twelve per-
cent felt 300 to 450 ns speeds would be best. The higher speeds
of 20 ns to 200 ns are the most necessary in most situations,
while the lower speeds ranging from 300 ns to 5000 ns are the
least suited.
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Q 14 - How much total memory will your system require in 1982 and 19837

(Bytes)

As shown by Figures 14 and 15, the 64K memory has the largest per-

centage of use in most categories, including Dynamic RAM's, Static
RAM's, ROM's, PROM's, etc., in both 1982 and 1983. There is a slight
trend in the usage of more memory (128K, 256K, and > 256K) between
1982 and 1983. EPROM's (MOS), and Static RAM's (MOS) had the great-

est number of responses
and Static RAM's (CMOS) generated the largest number of responses.

in 1982, whereas in 1983,

EPROM's (MOS)

Figure 14. Memory System Requirements
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Figure 15.

Memory System Requirements
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Q 15 - Which of the following factors do you feel is important in your
memory buying decisions? (Check all that apply.)
A1l factors are listed on the bar graph of Figure 16. The response
distributions range from 1 to 44 with speed of the memory at 44
responses being the factor considered to be most- important, followed
by parts availability and performance, which are nearly equal.
State-of-the-art, application support, wafranty, broad line support,
and reputation had the fewest responses and were thought to be
the least important.

Figure 1@ Memory Buying Decision Fat':tors~
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In your system, how important is EPROM to Mask ROM capability?

35% said they will not use EPROM without pin compatible mask ROM.
However, a larger number, 47%, indicated compatibility was not
important. Eighteen percent of the respondents gave no answer.

Does the system incorporate any external data storage?

The results of this question are presented in Figure 17; it shows
that the floppy disk (25%) closely followed by the hard disk (22%)
and EEPROM (22%) are the most often used for external data storage.
These three comprise 69% of the total and cassettes (10%), paper
tape (3%), magnetic tape (9%), and bubble memory (9%) comprise
the remainder (31%).

‘Figure 17. External Data Storage
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SECTION III - MISCELLANEQUS - I/0 Ports, etc.

Q 18 - How many [/0 ports does the microprocessor support?

The respondents indicated the following in Table 1:

No. of Ports % of Total Respondents
0-10 55
10 - 100 27
Over 100 18
TABLE 1

1/0 PORTS SUPPORTED BY THE MICROPROCESSOR

So, the majority of respondents used ten or fewer ports in their
applications.

Q 19A - Does your MPU-based system replace a current non-MPU based system?

Q 198

39% of those surveyed indicated yes and 61% said no.

- If yes, how many discrete IC's or other semiconductor elements
have been eliminated?

Table 2 indicates that of the respondents (13) who answered this

question, 61% said they eliminated over 200 IC's, 32% said they

eliminated 20-100 IC's, and 7% indicated only 0-10 IC's. The other

categories had none.

No. of IC's Eliminated % Respondents
0-10 7
10 - 20 0
20 - 100 32
100 - 200 0
Over 200 61
TABLE 2

% IC's ELIMINATED
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Q 20 - What discrete devices or IC's are critical or key to your MPU systehs?

As shown by Figure 18, the most critical is the DA/AD converter

(46%. of total), followed by linear IC's (30% of total), FET's (15%),
" and other (9%).

SECTION IV - MICROPROCESSOR SYSTEMS

Q 21A - Will you use system development tools that are marketed by micro-
processor manufacturers?

By far, the majority (88%) said yes while only 12% said no.

Q 21B - What specific development tools do you/will you use?

Figdre 19 shows that 27% of the respondents plan to use a MPU de-
velopment systém, 23% will use a logic analyzer, and 22% will uti-
lize circuit emulation. Use of other tools, such as computerized
main frame, time sharing, etc., ranged from 3% to 12% of the total.

Figure 19. .System Development Tools
15 20 -

—)

llt!PU Dovelopn;ont Syttom; SREAE e
Logic Analy}.u
}Mmulatlon
Jc«:mpuiaﬂdnal Mainframe
ano Sharing '
Systems :'Evaluatléni Tool
Others |
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Q 22A - How important is availability of high lével languages?

The majority, 66%, felt it was very important to have high level
1anguage§ available, 26% said it was somewhat important, and only
8% indicated it was not important.

Q 22B - If a high level language is important, which do you favor?

As illustrated: in Figure 20, ADA (the high level language suggested
as a government standard) had the greater percentage of popularity,
PASCAL was a strong second, FORTRAN and BASIC were nearly identical,
while the others (JOVIAL, C, etc.) were less popular. ‘

Figure 2Q. High Level,:l._a’nguageé.vv

# of Responses
30 3

n

10 15 20

Q 23 - What is the throughput and the maximum bowef of your microcomputer
systems? (Please specify the general application of the system.)
Of the 32 respondents answering this question, 19 or 59% were using
their MPU systems for applications directly related to flight con-
" trol systems. The majority of the remaining respondents’' applica-
tions were indirectly related to avionics.

Figures 21 and 22 indicate the KIPS (thousands of instructions
per second) and maximum power in watts for the various applications.
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The largest percentage of KIPS was in the 500-1000 range at 41%
of all responses, and the next highest percentage of KIPS was in
the 100-500 range at 28% of the total responses.

Power requirements were distributed fairly evenly from less than
1 to greater than 40 watts with the 1-10 watt range. having the
highest value at 25% of all responses.

‘Figure21, System Throughput _Figurs 22, Maximum System Power
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Q 24 - Does the microcomputer system have built-in-test fault?

72% of the respondents answered yes, while only 28% answered no.
This apparently indicates that most designers prefer this feature.

Q 25 = Do you use redundancy in the microcomputer systems you are design-
- ing?

The answer yes and no were approximately at the same percentage
as follows: 53% said yes and 47% said no.

Q 26 - If yes, what types of redundancy do you use? (Please specify the
. general application of the system.)

As noted in Figure 23, 17 of those responding chose parallel redun- ‘
dancy. The second largest was voting redundancy with 10 responses.
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[Most applications were listed for flight control systems and avi-
onics.]

Figure 23 Redundanzy Type
+ of Responses
10 15 20

Parallel

Voting
Standby
Serles.

Partial

Serles Paralle?
Other

Q 27 - Are the microcomputers used in flight systems where failures are
time critical? '

74% said yes and 26% said no to this question.
Q 28 - In multiple microcomputer systems, are the microcomputers operated
synchronously or asynchronously in your redundant application?

The answers to this question were distributed almost evenly: 48%
indicated synchronous operation and 52% said the operation was
asynchronous.
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SUMMARY AND CONCLUSIONS

Microprocessors:

The results of this survey definitely support the assertion that micropro-
cessors/microcomputers have a high frequency of use in avionics systems
and have already replaced many of the minicomputers of the 1970's. This
is not surprising since microprocessors have been available since the
early 1970's. Due to their versatility, low cost, small size, and low
power consumption they have been widely accepted by avionics engineers.
In line with this, probably because they were the first to.méke micropro-
cessors commercially available, Intel's microprocessor chips are the most
often used in the évionics industry. The next most often used were Motor-
ola's 6800 and 68000. Most avionics specialists started using th: micro-
processor between the years 1975-1978, but some started as early as 1970

and others as late as 1983.

The majority of the respondents (55%) purchased standard microprocessofs
and nearly everyone (91%) planned to buy microprocessor systems in 1983.

There is also a trend to use microprocessors of 16 bits or more.

NMOS and CMOS (MPU) microprocessors are the most popular in avionics.
The NMOS MPU device is usually faster than the PMOS MPU. The NMOS MPU's
require well-stabilized power supplies, whereas the CMOS MPU is a low
power device and relatively unaffected by variations in power supply vol-
tage. The IIL and Schottky devices were normally chosen where high speed
is essential, but require more power, which may explain why their use

is limited in avionics systems.
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The greater percentage of respondents (39%) preferred to do their own
in-house design using MPU chips. Of those who would choose to purchase
already assembled modules (20%), most of them would select the processor-

on-a-board.

Applications of the MPU to avionics vary greatly, but the microcomputer
control system and avionics computer system were generally the most preva-
lent. More specifically, control systems, data acquisition systems, naviga-
tion, ground support equipment, instrumentation, flight management systems,
communication systems, guidancé, flight test systems, etc., are the appli-

cations listed in order of highest use.

Performance and reliability appear to be the highest priorities in company
MPU buying decisions. Secondary buying considerations include price, speed,
documentation, availability of a second source, development systems, and

software availability.

89% of the respondents indicated that their microprocessors typically
performed as expected. If they did not, the reason most cited was fhat
the MPU was not fast enough.. With respect to MPU architecture, the general
purpose MPU has the most popular usage, but the all-in-one MPU (which
is a computer on a chip) and the bit slice MPU (MPU's connected in cascade
toba11ow larger size words) together comprise the larger percentage. The
VHSIC (very high speed IC) usage at this time is limitéd, although this

will surely change with greater availability in the future.

Advanced architectures are certainly on the horizon for avionics with

new chip designs such as the Z8000 and M68000 becoming available. Most
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avionics specialists (91%) said they would be using'these in applications

relating to flight control and flight management systems.

Microprocessor manufacturers have been able to design a large variety
of microprocessors and these permit many avionics applications. Also,
the MPU is well-suited to the modular concept, which allows greater flexi-
bility of system design. At present though, there is not enough standa?d-
1zation of most microprocessor units betwéen manufacturers and more needs

to be done.

In recent years, the cost distribution of computer system components,
such as the CPU, memory, and peripheral devices, has changed drastically.
In the early 1970's, the cost of minicomputer.systems'was in the $10K-20K
range with the QPU being the major expense. Later, system prices for com-
puters based on LSI technology were in the $1K-5K range and memory and
peripheral devices had taken over as the major cost factors. Today that
has been accelerated by the microprocessor, which is very inexpensive

compared to memory and peripheral devices.
Memories:

Memories are a major portion of the cost of avionics computers, but there
is a trend toward lower cost. Currently memories are basically of two
types: (1) semiconductor storage and (2) magnetic storage. The semiconduc-
tor type is high speed and low capacity (although capacities have improved)
when compared to magnetic storage which is low speed and high capacity.
A typical semiconductor memory might have 64K bytes of storage capacity
with a 200 ns access time, while a magnetic memory might have 1 megabyte

of sforage, but only 5000 ns access time (as in a bubble memory).
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Speed was cited as very important in memory buying decisions. Probably
because of this, semiconductor memory was chosen as most popular for avi-
onics systems. 84% planned to use semiconductor memories, but only 14%
planned to use bubble memories (2% planned to use neither). The higher
speeds (maximum access times) of 20 ns to 200 ns are the most prevalent
in avionics, while the lower speeds ranging from around 300 ns to 5000

) ns are the least utilized.

The total memory that avionics systems require presently centers around
the 64K capacity which had the largest usage, but there is a trend towards

the larger memories of 128K, 256K, and greater.

If a system incorporates any external data storage, it would typically
be a floppy disk, hard. disk, or EEPRUM. Cassettes, magnetic tape, and

bubble memories are not typical for external data storage.

1/0 Ports, IC's, and MPU's vs. Non-MPU's:

Slightly more than half of the designers used ten or fewer I/0 pofts in
their applications, whereas around one-quarter used 10-100 I/0 ports and

less than 20% used over 100 I/0 ports.

It was determined that 39% of all respondents indicated they replaced
a current non-MPU based system with one that is MPU-based; 61% said they
did not. If they had replaced the non-MPU based system, it was found that
around two-thirds of the designers had eliminated over 100 discrete IC's;
the otﬁer one-third eliminated 20-100 discrete IC's. This is a significant
reduction which means fewer interconnections, thus increased system reli-

ability.” But this also increases the difficulty of error detection and
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jsolation. The discrete devices, or IC's, most critical to MPU systems

were the DA/AD converter, linear IC's, FET's, etc., in that order.

Microprocessor Systems:

Strong trends in microprocessor systems for avionics indicate: (a) System
deve]opﬁent tools marketed by microprocessor manufacturers will have a
great number of applications. The tools having the largest use will be

MPU development systems, logic analyzers, and circuit emulators. (5) The
avaf]ability of high level languages is quite important to at least two-
thirds of the experts surveyed. The high level language that had the great-
est popularity was ADA, followed by PASCAL, FORTRAN, and BASIC. It is
not surprising that ADA was the most popu]af, since it is the one which
has been adopted as the government standard. (c) Most MPU systems have
built-in-testing which indicates a strong preference for it by most design-
ers (nearly three-quarters of the total). (d) More than half of the re-
spondents used redundancy in their microcpmputer systems. When redundancy
was used, the most popular method was parallel redundancy, followed by
voting redundancy. (e) Failures in flight systems using microcomputers
are typically time critical, according to nearly three—forths of the re-

spondents.

In_ conclusion, avionics systems incorporate microprocessors to a large
extent in their designs and handle a wide range of applications, inciuding
flight management systems, flight control systems, navigation and guidance,
data acquisition, communications, etc. There has been a reduction in the

cost, size, weight, and power due to the microprocessor and VLSIC's. Use
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of BIT (Built-In-Testing), redundancy and fewer interconnections has

brought about greater reliability in airborne electronics systems.

The design philosophy of avionics systems has changed'over the last decade.
In the 1970's the concept was to use one large central computer to perform
the desired functions. Now, however, most designers use the distributed
techniques .in which several or more microprocessors are used to perform
the necessary functions. This idea has resulted 1in greater performance

and reliability.
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(1)
(2)
(3)

(4)

(5)

(6)

SURVEY FORM Al

What was the first microprocessor that you used?

What year did you first use microprocessors?

In 1983, have you purchased or do you plan to purchase MPU systems?

YES NO

A. If yes, will they be:
_____Standard ____ Dedicated ____ Custom

B. Have they been or will they be:
__4bit ____8bit ____12bit ___ _16bit ___ Over 16 bit
A1 of these |

C. Will they be:

ITL __ Schottky ___CMOS ~_  NMOS _____PMOS

|

A1l of these
How will you procure your MPUs? (check all that apply)

As chips alone for in-house design (Components)

As chips on boards (Sub-System)

As assembled modules

Complete MPU system (includes memories and power supplies)

If assembled modules, which ones do you contemplate buying?

Processor-on-a-board Memory module, size
I/0 module D/A or A/D converter modules
Other

Does your MPU application relate to: (check all that apply)

Digital system (discretes)
Electromechanical system
Microcomputer control system

Avionics computer system -

Functional display system

In what applications do you use your microcomputer systems? (check all that
apply) :

Ground Support Equipment Navigation

F1ight Management Systems Guidance

Flight Test Systems Control Systems

Data Acquisition Systems Instrumentation
Communications Systems Weapon Control Systems
Other:




(7)

(11)

A2

Which of the following factors do you feel are the most important in your com-
pany's MPU buying decisions?

Price

Performance

Second src.
Distributor
credibility

Applications.

Reliability

Documentation

Training avail.

support

Users group/Software library

Device .warranty

Is the microprocessor architecture a:

General

purpose microprocessor

Al1-in-one microprocessor

Bit
VHSIC microprocessor

slice microprocessor
(Very High Speed IC) .

Did the microprocessor perform as expected?

Yes No

If not, tell why?

Not fast enough
Limited I/0 ports

Other

Limited interrupt capability
Limited memory addressing capability

Development systems
Devel. software avail.

Applic. software avail.

Speed

Number of family support

devices avail.

(check all that apply)

Will you be using advanced architectures such as bit-slice, Z8000, 68000, etc.

in the future?

Yes No

If yes, what general application, and why?

Application

Speed

Memory capability
Bit size

Cost

Other

|

Power ratin
Performance
Reliability

I/0

l

If no, why not?

Speed
Memory capability
Bit size

Cost
Other

Power ratin
Performance
Reliability
1/0

|

gs

gs



(12) Have you used or do you plan to use semiconductor memories and/or bubble mem-
ories during 1982 or 1983?

Semiconductor : Bubble - Neither

(13) What speed (maximum access time in ns) is best suited for your system? (check
all that apply) :

Dynamic RAMs (MOS 80 120 200 250 300 Other

Dynamic RAMs (Bipolar) 80 120 200 250 300 - Other

Static RAMs (MOS) 20 35 45 55 70 120 150
Static RAMs (CMOS) 200 250 300 450 Other ‘
Static RAMs (Bipolar) . 200 250 300 450 Other

ROMs (MOS) 100 150 200 250 350 450 Other
ROMs (Bipolar) 100 150 200 250 350 450 Other
PROMs (MOS) 25 80 100 120 150 200 Other
PROMs (Bipolar) : 25 80 100 120 150 200 Other
EPROMs (MOS) 150 200 250 350 450 Other

EEPROMs (MOS) 150 200 250 350 - 450 Other
PSEUDO-Statics (MOS) 200 250 300 450 _ _Other

Bubble (Solid-State) 5000 __ 10000 __ 20000 _ _ 40000 __ Other

(14) How much total memory will your system require in 1982 and 1983? (bytes)

1982 1K or Less 2K 4K 8K 16K 32K 64K 128K 256K )

Dynamic RAMs (MOS)
Dynamic RAMs (Bipolar)
Static RAMs (MOS)
Static RAMs. (CMOS)
Static RAMs (Bipolar)
ROMs (MOS)

ROMs (Bipolar)

PROMs (Bipolar)

PROMs (MOS)

EPROMs (MOS)

EEPROMs (MOS)
PSEUDO-Statics (MOS)
Bubble (Solid-State)

RERRRRRRREN

AL rerh

=P errttrtret
NN

1983 1K or Less

16K 32K 64K 128K 256K D

Dynamic RAMs (MOS)
Dynamic RAMs (Bipolar)
Static RAMs (MOS)
Static RAMs (CMOS)
Static RAMs (Bipolar)
ROMs (MOS)

ROMs (Bipolar)

PROMs (Bipolar)
EPROMs (MOS)

EEPROMs (MOS)
PSEUDO-Statics (MOS)
Bubble (Solid-State)

EERERRRRREN
RERRRRNNRRRN
NRRRRRNNNRRN




Ad

(15) IWhich,of the following factors do you feel are important in your memory buying
decisions? (Check all that apply)

Speed Performance

Parts availability Broad line support
Ease of use Technical support
Board density Access cycle

Price Active power
Reliability documentation Standby power
State-of-the-art Reputation

Second source Application information
Application support - Delivery

Warranty Power
Manufacturers credibility Soft failure

(16) In your system, how important is EPROM to mask ROM compatibility?

Will not use EPROM without pin compatible mask ROM
Compatibility not important

(17) Does the system incorporate any external data storage?
Floppy disk Cassette Paper tape EEPROM

Magnetic tape Hard disk Bubble memory

(18) How many I/0 ports does the microprocessor support?
(19) Does your MPU-based system replace a current non-MPU based system?

Yes No

If yes, how many discrete ICs or other semiconductor elements have beenAeliminated?
0-10 10-20 20-100 ~__100-200  Over 200

(20) What discrete devices or ICs are critical or key to your MPU systems?

Linear ICs FETs
DA/ADs E Other:
(21) Will you use the system development tools that are marketed by microprocessor
manufacturers?
Yes No

What specific system development tools do you/will you use? (check all that

apply)
MPU development system Time sharing
Computational mainframe Systems evaluation tool
Logic analyzer Others:

Circuit emulation
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(22) How important is availability of high-level languages?

Very Somewhat Not important

If a high-level language is important, which do you favor?

Basic 'Fortran Other;
____PL/M ____ Pascal
Cobol Ada

(23) What is the throughput‘and the maximum power of your mfcrocomputer systems? .
(please specify the general application of the system)

Application 1

KIPS (thousands of instructions per sec)

____.100-500  __500-'|000 ___1600-1500 ~___1500-2000 ) 2000
Watts .

<1 1-10 ____10-20 ____20-30 ___ 30-40 _____ 40

Application 2

KIPS (thousands of instructions per sec)

__100-500 ___500-1000 ___1000-1500 - 1500-2000 ____ »2000
Watts ‘ —
<1 1-10  __ 10-20 ___ 20-30 30-40 __ >40

Application 3

KIPS- (thousands of instfuctions per sec)

__100-500 ____500-1000 ____1000-1500 ____ 1500-2000 - »?2000
Watts |

<1 ___1-10 ___10-20 ___ 20-30 ___-30-40 ___ 40

(24) Does the microcomputer system have Built-in-Test fault?

Yes No_

(25) Do you use redundancy in the microcomputer systems you are designing?

Yes No

(26) If yes, what types of redundancy do you use? (please specify the general appli-
cation of the system)

Application 1
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(26) Continued

Parallel ' Series Series-parallel
Standby Partial Voting '
Other -

Application 2

Parallel Series Series-parallel
Standby ' Partial Voting
Other

Application 3

Parallel Series : Series-parallel
Standby Partial Voting
Other _—
(27) Are the microcomputers used in flight systems where failures are time
critica]?
Yes No

(28) _ In multiple microcomputer systems are the microcomputers operated syn-
chronously or asynchronously in your redundant application?

Sync Async

Thank you!

OPTIONAL:
NAME :

ORGANIZATION:

ADDRESS :

TELEPHONE NO:
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OF POOR QUALITY

UNIVERSITY OF SOUTHERN COLORADO
DIFFERENTIAL GLOBRAL PDSITIONING SATELLITE PROJECT
' FINAL REPORT
ARTHUR A. RECKMAN
INTRODUCTION
The NAVSTAR Blabal Pasiticning System (GPS) is a orototype

space—based radicnavigation system developed by the Department of
Deferse (DODY. The system is maraged by the Joint Drograh Office
(JB0) -iv the Riy Force Systém Command (AFSCY. When the system is

fully denloyed and ocperaticnal in 1987 it will cansist of 18

zatellites in three slarnes of orbit.

Phagse 1 of the deoloyment séhedulé verified that it is
feésible to determine highly acourate user time and aasitiocning
ay trackimg four satellites aolaced in 1@,5@@ rnautical mile
rading, 1@-hour orbits.  There are currently fouwr functioning
satellites iv two circular orbital olarnes at 55 cdegree
inclinaticn with resoect to the earth’s eguatcorial nlarne,
aaviding sericdic three to four hour intervals of four satellite
caverane over selected gecgraohical areas.

Current DOD coals for NAVSTAR GRS accuracy call for 18 meter
thw?ewdim§m§§0n§1Ja;chagy For mili?ary missigpg,'and’}ww meter
accuracy for civil aviation., The satellites bvoédcast»oh twa
frecuencies, L1 and L2. The siprnals on these two freguercies
will consist of eghemeris data from the'sétellite data store and
orie of two nsendo—rardom codes. The cocarse aguisition (C/R) code
has a very short oeriod and will be used by the m;litary ta
aquire the much longer orecision (P) coade. The military will use

the P code to navigate with, whereas civilian aviation will use

the less accurate C/RA code.
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The NAVSTAR GPS system cornsists of three senght;. The

satellite segment consists of the scace-based satellites which
broadcast ephemeris data and current satellite time. Each
satellite has a highly accurate atomic clock on board. The
cround seament consists of a number of oround-hased statioﬁs to
moritor satellite accuracy and status and ancother oround-based
staticr to collect reoorts arnd transmit currert ephemeris ard

carvection data to each of the satellites. The final sepment is

the user segment which receives the satellite sicrals and uses
them to ravicate, ‘ e
~

Four satellites are rormally sequired for rnavigation.

Rarges to the four satel lites are determined Ly scalivng the

1

sigral transit time with the soeed of light. If the user clioey

e

could be maintaived orecisely with GP5 syvetem time, only three

o

satellites would be required for navigation., The fourth
satellite is required ta resol?e‘the fived hias ambinuity bhetweesn
the imorecise user’s clock and the GRS system tiwme, Usar
oosition is determired by simultarnecus soiubicn of four ecuations
involving four unkricwns- the three dimensional sosition estimates
and’ iisér clack Dias. o
DIFFERENTIAL GPS

To orevent unfriendly nations from benefitivng firom the
navigation capabilities of the GPS system, the DOD currently
plars to corrupt the C/R code to deorade its! canabilities to na
better than 182 meters (2 DRME)., This canability is sufficient
for RNAV/IFR errcute, terminal, and non—-orecision approach and

landing reguirements but is rnct sufficient for RNAV/IFR

Categories 1 or 2 orecision aporoach and landing conditions.
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Ore of the major potential bernefits of the NRAVSTAR GPS
system is the capabiltiy to provide errcocute and landing
capability ir areas which are naot covgred by conventiconal
navipation systems. These areas include large oortions of Alaska
andé affshore oil drilling »igs. L
The use aof GPS in a differential mode has the capabiiity ta
sravide not anly this rencte wavivation scemefit bhut also allow

category 11 ang 111 aporocaches aad landings if the FAA will

modify ite? ragulations regarding Selicodter aooaroaches.

Differertial ravication is currently in use with Omesa, Lovan-C,

and the
Tne cifferential techricue sigrnificantly imoroves position

accuracy by utilizing a surveyed grounc site which receives

navination signals, apnlies corrections to the sigral

Yl
-
i}
1}
i
[
<
hil
.

ana hroadcasts these corrections to any aircraft inm the locas
aweé ta'aﬁply'to their solutions, The errars for all local users
ave normally highly correlated.  The errors also tend to chanoe
more siawly than the time recuived to trarcsmit them to neardy
users, FDF_Dmega, Loran—C, and Transit, the techﬁiQUe nrovides
imoroved oosition accuracy over distances up to a few hundred
miles.
There are three basic differential GBS corvecents:
1. Data lirk type.
2. Pseudcolite tyne.
3. Translator type.
The data link type uses a surveyed GPS receiver which

receives GPS signals, comoutes its! location, and computes the
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correcti&ns based ori its' kriowrn location. These corrections are
thern trarsmitted to loccal users. It -has tge advartape of
requiring little madification to airborre or-ground'GPS sets.
The major disadvantape is that it reguires a senarate data link;
The pseudolite type alsa computes covrections in the same
way as the data link tyoe but instead of breoadeastivio just the
corvections, it alsa gernerates its? awn code and wavigation
messace. It nas a rnumber of acvantapes but zlso has auamerous

disadvantarces, mostly irnvalving cost.

The tranzlator tyoe receives the GPS sinral ant retramsmits

them on an offset freguercy., The airborrne GPS et corrects for

wt
m

he errmors in each siprnal by krowins the lacation of the

transoonder.  The major advanmtange is the low cost of the ground

The major disadvantage iz that the cost of the

2cuiament.

bl

airoorrne set is much higher.

i of the research being conmducted at NASAH fGres is to

ine ol

[
i

srovide a data hase of infomation regarding dif%ewemtial Ga8.
Jor researcn oriar ta UﬂiQewsity af Southerrn Coloraao
invalvement was am initial test flioht series to establish the
op@ration of the Z-set under the current satellite confipuwration,
and modeliﬂg of thé different cdncepts of differential GRS to
determire the type which will be pursued iﬁ Fliéht testino.
UNIVERSITY OF SOUTHERN COLORADO CONTRIRUTIONS,

Work for NASA in support of differential GPS fell inta the
following areas: literature search; hardware irnstallationm in the
éH3 helicopter and laboratory, tecﬁnical visits ta Maénavox to
verify performance of the NASA interface oroccessor (NIP) and

final acceptarce testing of the NIP, desiogn and testing of
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saoftware used irn the NASA computsr to sather data and send the
data via telemetry to a praund stationm for recording, and suoport
of the greliminary differential GBS flight exoeriment.

he literature search involved a DIALOS based searchn for all

-4

citblished GPS related work. Pertinent articles were then read
and analyveed to insure that NEER has access to aonliicabie

orevious ressarch, anc that research already zevrformed will not

The nelicooter used for NADA's GPRR resesrch is a BHI Sea

v Lhe orevious exnesriment an anterna arnd Dre—amo were

mourted in tail of the aivcraft and am arterna lead was cun o

choE Magpravow I-zet verceiver ivw the exzerimernter’s rack. The I-
@t disolays 1ts? cutpout on & comirol disolay unit (SDLY, also

mounted o the rack. Me T-zet receliver commnunicates with the

Chy via & ser ik, in the nreviocus exaerimernt, an
nad beern installad between the twr devices ta aleo

Tiansmit the cata to o a HP caomouter tﬁ,PECDWd.

Foe the next set of exseriments, & veEw ivterface was
gesignec and built by Magravox which connects directiy to the Z-
=et's comouter bus and trarnsfers cata via direct memory acéess
(DAY, a wethod which allows the gathering of much more data.

This interface includes a Digital Ecuilomernt Coraorstion (DEC) LGI

caongputer to arceess veguests for data from NRSAYs Norden BDB

1ea

11/24 computer, collect this data fram the 7-set, do limited
aracessing of this data, ard thern send it to the NABA camouter

usiric a serial RB8-232C line.

Due to the volume of the data cllected, the available an-—
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board storage was deemed insufficient and all data is sent to a
telemétry trarnsmitter via a parallel port to be sent to the
ground where it is recorded on mapretic tape. The Norden
computer cornrnects to a floppy disk drive for coerating system and
applications program storape. Arn HP terminal is used for
sperator input and to monitor data flowl Gee ﬁ}wi-l).

Eguioment installation consisted of installing racks fgr the
Z-set, NIP, Norden computer, and HP terminal, desigrivng and

building cables bhetweer. the telemetry travsmitter and Norden

comouter, and betweer the Norden computer and the HP fTerminal,
anc rauting sower tao the variogsvcampoﬂewts. QSC’S inout was to
specify the layout for the racks, verify the cdesipn of the
cabling, éhd test all caplinmg and overall ooeration of the

system.

i@, This laboratory

fa

A second installation is ivn building
instaliation is used for static oneration to determine error
characteristics, allow side-by-side caomparisons with other sets,
ard alliow testing of the various comporents. The antenina for the
lab is or the buildivg’s rocof as is the ore—amp. For orevious
woark cabling had been ihstailed for both a GﬁS arnterma and a
Loran anternrna.  The remaining equipment from the aircraft is
installed in the lab itself.

To allow the ooeration of twe sets, a second anterna was
recuired. USC's role was to orocure the cabling and correctors,
cacordinate the modifications to the roof anterma tower to accept
a second antenna ard pre-amo, coordinate the instalilation of the
cabling, and test the system.

In order to extract information from the Mapnavox Z-set
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receiver for orocessing by the NASA computer, a contract was let
to Magriavox's Advarced Products arnd Systems Company to build an
interface processor which would receive reguests for blocks of
information fram the Nordern and then get this data fraom the
raceiver., Both the receiver and interface oracessor use DEC LSI
camouters with the G-bus. The.interface gracesscar would
coapmunicate with the receiver via the bus and with the MNorden
using =erial RS-232C.

Maowavox began work on the interface in Jaruary 1383 and was

zoheduled to finish iv mic-October 1983. The author was assigred
the task of monitoeinsg srogress, making liason trios o observe
orogress, arnd vearesent NASA during final accegtarvice testins.
Maonavax uncerestimated hoih the comolexity of the aroject
and the lead times for parts. Ry Dotaber 1283, the criginal
xfiware team had bHeer renlaced and a rew start was scheduled for

-
Pt

w2 software, 1@ harcware was suobdstartially comolete in
“ovenber and an attemat was wmade ta.writa grcugh saftware %o Fly
The origimallyAscheduled experiments iv December 13883. The
auvthor wade two trips T Mapriavax!s locaticn iv late Navember to
test the software. Unfortunately it was not opossible to extract
ercugh information to make the fliphts useful arnd the exgeriments
were rescheduled for April 1384,

A meetinp at NASA iv December resolved the last of the
conflicts with the desion specifications ard development then
proceeded on the rew schedule. Final acceptance testing at
Magrnavex's locationm in mid-March 1384 was successfully completed

.

arnc the equipment was shiooed to NASA.
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The puracse of the initial set of fiioht exserimerts was to

aravide a hase of information to roughly define the actual

aerformarnce capmabilities

NASAY s actual ground GPS
late 1985, Sierra Nevada

their zervices to locate

c iities.

i

Q.

EN ]

e

‘t 17

Ames T

VeCordLmI On
sen ite? o

ilikewilse recorded.

orovige a i

iﬂg

Hoth GPS sat

Ty

via a ihign

of cifferential correctiors. Since

station wasr’t due to be finished until

Corparation was contracted to orovide

)

a mobile second 3P5 set with data collection

This zet would then be located on a surveyed site

far tﬁe T

tests

[N

lity where iienht were

to be conducted.

& would oaliect data at the

system would sernd the data to the grournd

or

ack

where 1t would e tramzmitited !

ot

magnetic tage. The pround system would

to Bmes whers it wonld be

soeed maden

ot

M

space at all tlmga diring the Fligﬁﬁ’CQCf ljwﬂr l}.

Suhseouent to the Flipnt the laser trackinz data and data
from the aircraft GBS set orovide a record of the ervor
gxoerienced throughout the fliphit., The data from the grond

hased BPRS set orovides
comparing the computed

caordinates, This errar

data ta give a rourh agoroximation of the bderefit

Gos,

the errors experienced by that set

by

position and subtracting the Lriown

data can then be anplied to the. airdorne

af

ciffererntial

The author was resgonsible for all saftware rurnning on the

Norden computer on board

the 8H3. Three major routines were

writtern to accomplish the tasks of communicating with the NIP and
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the telemetry hardware. Twa routines are actually collections of
subraoutines which handle all commurnications with a specified
harcdware device., The main routirne handles irnteraction with the
cperator, oredares reouests for trarnsmissicon to the NIP, and

buffers data for the telemetry link.

A Narvden DZ-11 device is ised ta cammunicate with the NIP. it

iz a muitizjexed eight nort serial card, The DZ subrocutines

‘handle initialization, data trarnsmission and veceiving, and error
mancling.  The transmizsion subroutine is called by vnon—time
sritical norhbions of the mailn youtine arnd zends the messane

without returning to the calling routine unt il camplete. 7K

il

receivirg subroutine on the other hand is called by a time

critical oortion of the main rontine'and must'opewate.usimg
inhercuots, It uses double buffering to insure that rno data is
lost cue o slow resaonse bime by the main routivne. The
incaming rescave’s checksum's are verified to insure that a
comniete message 15 recelved.

A Noede«w DR device ig used to communicate with the telemetry
nardware.  This is a 16-bit parallel port with cne irput oot and
one outout oort. The DR subroutines handle initialization of the
DR card arnd cutput to the card. The cutnut subroutine is callec
by a time eritical part of the main voutivne and is therefore
irterrunpt driven. It is single buffered and the main routine
waits if it pets ahead of the output strean.

The main routire calls all of the initializations

subraoutives and then oresernts the coerator with a menu of



choices. This menu can be recalled at any time by h1tt1n§Aa key

on the keyboard. When the operator makes a choice. the Poutzne

then prepares the approprlate messapges to be sent and calls the

subrout ines. Several of the selectlons request repetxve~data and

[N

cnce selected the software automat1ca11y col;ects the 1ncom1ng }{'

data and sends it to the telemetry hardware with ro further -

cperator intervention. The routlne cnntstantly checks a series

of flans from the subrao utxnes wherni nat in the menu mode. These

flags inform the main routine of the status of the various

huffers so that data can be capied at the aporopriate time o
orevent lose of data. Portions of the collected data are
displaye& o the coerator conscle so-—-that correct ﬁperation of
the orogram can be verified.

The orogram was snecifically written to allow for a wide

variety of different configurations to allcw for different flight

» experiments in the future. ley the messaues to the NIP and the
menu need be changed to request rew data. For_the initial
flights a set of requests were prepared for ephemeris déta and
ancther set %or range and.pseuda—range data. The pseuwdo—range
and rarnge data were collected through@ﬁt the flight except when}r

rew ephemeris data'was being collected. -

Ephemeris data was collected Jﬁst‘pﬁiﬁr tO‘beginnihé the
experiﬁenf and wherever there was a satellite changeover dqfﬁng
the flight (no more thahvone changedvér). A communicatiohs 1ink
with the ground GpS station 1nsured that they collected the

. : ephemerls at the saMENtxmeffj"

-

Sunport for the fllght{f*

testxnn the equipment prlorato each flight 1operat1ng the

XL il . o
‘_ - A ‘Y

A

L
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equipment during the flight and then removal of those portio%s

of the eguioment required back in the lab after the flight.

Several flights were made.tg ;nsure that Enoggh data was

coalliected. Each flight lasted at least am hour and involved

anprcaches and take-offs as well as a racetrack pattern ;«:¢;Jﬂ% 30‘1%)‘
~ This initial set of flichts were finished in early J@ne.

The results appear to be useful and will e nuhlished in_early

13835.
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' GPS SH3 INSTALLATION
EQUIPMENT INSTALLATION

WARNING! INSURE THAT RACK POWER IS OFF.

1. Insure that pre-amp has been installed in tail of SH3 by
aircraft maintenance technician. _

2. Insure that RMDU is connected properly (coordinate with
aircraft manager).

3. Secure HP 2382A terminal to rack using straps and screws
(baseplate). Connect DB-25 connector to rear and plug power cord
into power strip at rear of rack.

4, Install CDU in cutout. Connect cable marked "CDU" to J-1 on
back of CDU.

5. Insure that jumper cable is in place between J-1 of CDU and
J-3 of Z-Set (o0ld interface used to connect to this break).

6. Install Norden in full ATR rack. Connect power cable to J-4.
Connect cable to terminal to J-1. Connect cable from NIP to J-6.
Connect UNIBUS cable to J-5. Verify that all pins are solid on
cable to RMDU and connect to J-3 (one pin is held in place by

" glue).

7. Install Miltope floppies and controller in their rack (if
flying) or hook up on top of rack. Connect UNIBUS cable to

J-1 of controller. Plug in power cords to power strip at rear of
the rack. .

8. Install Z-set in right hand 3/4 ATR rack. Connect antenna
lead to J-4. Connect power cable to J-2. Connect CDU cable
(from CDU J-1) to J-3. :

9. Install NIP in left hand 3/4 ATR rack. Connect power cable -
to J-2. Do not plug in. Connect cable from J-6 of Norden to J-
3. Connect thick cable from Z-set to J-1.

10. Have wiring inspected and tied down.

To remove equipment, reverse procedures Note that all cables
that connect to the NIP are also used in the lab.

Tools required: Flat head and phillips screwdrivers and wire
cutters (to free cabling from tie-downs).



GPS SH3 INSTALLATION
PRE-FLIGHT INSTRUCTIONS

WARNING! - THESE STEPS TO BE ACCOMPLISHED IN SEQUENCE.

1. Insure that power is available to SH3 and that experimenters
station power switch (to right of righthand pilot) is on.

2. 1Insure that all equipment is turned off. Turn brightness
switch on CDU fully counter-clockwise (click).

3. Flip two right hand switches up on small orange box at upper
left of rack. Verify that green lights come on.

4. Push in CB-18, 21, 22, 19, 7, 8, 10, and 12 (GPS, rack and
RMDU power). Push in CB-4 and 5 for AIMS altimeter (if used) and
CB-3 if radar tracking will be utilized.

5. Apply power to terminal (push switch in rear).

6. Apply power to disk controller and drives.

7. Push in CB-16 to turn on"computer. - . T

8. Turn brightness switch on CDU clockwise to adjust brightness
of display.

9. Plug NIP power cord into power strip at the rear of the rack.
10. Pre-flight Z-set per page 5-12 oé Z-set user's manual.

11. 1Insert aircraft floppy disk in DYO:

12. Hold down shift key on terminal and hit break key.

13. Hit caps key.

14, Type L<sp>171000<cr> followed by S<cr>. System should boot.

15. After system boots type INIT VM:<cr> followed by Y<cr>. The,

next 6 instructions load virtual memory with a minimal system and
the program. .

16. Type COPY<cr> *,Syv<cr> VM:*.SYS<cr>.

17. Type COPY<cr> RT11VM.SYS<cr> VM:RT11SJ.SYS<cr>.
18. Type COPY<cr> SWAP.SYS,NORINT.SAV<cr> VM:<cr>.
19. Type COPY(cr> STARTV.C0n<cr> VM:STARTS .COM<cr>.
20. Type COPY/BOOT<sp>VM:RT11SJ<sSp>VM:<cr>.

21. Type BOOT<sp>VM:<cr>. What boots is a minimal system
running on a virtual disk (in core memory). The only usable



command is R (not RU or RUN).

22, Type R<sp>NORINT<cr> to verify program operation.

23. When NORINT comes up type <sp> to begin.

24. Type 2<cr> to send a test pattern to the ground station.
Verify with the ground station that they are receiving the
pattern. ,

25, Type <sp> to get menu back. Type 6<cr> to exit program.

26. Verify that the almanac has been gathered successfully.
Page 4-10 of Z-set User's Manual.

27. Remove the aircraft disk.

28. Pull CB-16 out. Computer must be turned off before
peripherals to prevent core memory from being trashed.

29. Turn off the floppy drives and the terminal.
30, 'Unplug the NIP.
31. Turn brightness knob on CDU fully counter-clockwise (click).

32. Pull cB-12, 10, 8, 7, 18, .19, 21, and 22. Pull any other
circuit breakers still in,

33. Flip switches at orange box down.

34. Remove UNIBUS cable from front of Norden. Take UNIBUS
terminator off of the floppy drive controller and screw into J-5
on Norden.

35. Remove floppy drive from aircraft if required.



GPS SH3 INSTALLATION
FLIGHT OPERATIONS

WARNING! - THESE STEPS TO BE ACCOMPLISHED IN SEQUENCE.

1, Wait until engines have started and pilots give go ahead for
removing seatbelts,

2, Flip two right hand switches up on small orange box at upper
left of rack. Verify that green lights come on. )

3. Ppush in CB-18, 21, 22, 19, 7, 8, 10, and 12. Push in CB-4
~and 5 for AIMS altimeter (if used) and CB-3 if radar tracking
will be utilized.

. Plug NIP power cord into power Strip at rear of the rack.

Apply power to terminal (push -switch in rear).

. Turn brightness switch on CDU clockwise to adjust brightness
f display.

4

5

6. Push in CB=16. " T B —
7

o

8. See page 5-12 of Z-Set userfs manual to prepare for take off.
9. Hold down shift key on terminal and hit break key.

10. Hit caps key. |

11. Type L<sp>0<cr> followed by S<cr> to boot system in memory.
12. After system boots type R<KSp>NORINT<cr>.

13, when NORINT comes up, tYpe <sp> to begin.

14. Type 1l<cr><sp>1l<cr> tﬁ get accurate status of Z-set.

15, Verify that status of Z-set is healthy and that the set is
navigating (see Z-set user's manual page 5-12).

16. Type <sp>5<cr> to begin data collection.

17. Next three instructions gather ephemeris. Type <sp>3<cr>,
wait for 5 seconds, then type <sp>4<cr>. Block 34 should be
collected immediately.

18. Turn selector switch 6n CDU to EPE position, push 5A key,
wait until A appears in upper left on display, then push CLR key.
"A" should be cleared from display. Z-set re-gathers ephemeris.

19. Wait for all blocks to be collected. Completion indicated
when Z-set is again navigating on four satellites.

20. Type <sp>5<cr> to restart data collection.
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GPS SH3 INSTALLATION
SHUTDOWN INSTRUCTIONS

WARNING! - THESE STEPS TO BE ACCOMPLISHED IN SEQUENCE.
1. Type (sp)6(cr) to exi; program. ’

2. Pull CB-16 out."

3. Turn off the terminal.

. Unplug the NIP.

Turn knob on CDU fully counter-clockwise (click).

QO N o [
.

. Pull cB-12, 110, 8, 7, 18, 19, 21, and 22. Pull any other
ircuit breakers still in.

7

7. Flip switches at orange box down.

8. See equipment installation instructions for SH3 for removal
~ of equipment. :



GPS LAB INSTALLATION
EQUIPMENT INSTALLATION

l. Insure that all breakers are out on power
distribution box.

2, Connect CDU (J-1) to merged cable coming from J-3 of Z-Set.

3. Connect AIMS altimeter (if used) to cables coming from J-3 of
Z-Set and power distribution box.

4. Connect cable from CDU to J-3 of Z-Set.

5. Connect J-2 of Z-Set to cable coming from power distribution
box. :

6. Connect J-1 of Z-Set to buffer box. To simplify
installation, thick cable leading to NIP should already be
Vconnected to buffer box. - Connect cable to J-1 of NIP.

7. Connect antenna lead to J-4 of Z~Set (marked as GPS #1l).

8. Connect ground wire from 28 volt power supply to one‘df the
lower righthand screws on the face of the Z-Set.

9. 1Insure that the 28 volt leads from the power distribution box
are connected to the 28 volt power supply. The two ground wires
which parallel the antenna wires from the crawl space should be
connected to the 28 volt power supply.

10. Loran antenna cable is being used to power preamp on roof
and should be connected to 15 volt power supply. Antenna has
dual banana plug attached. Notch on plug is ground side.

11. Connect cable (bring over from aircraft) between J-3 of NIP
and J-6 of Norden.

12. Connect console cable from breakout panel on rack to J-1 of
Norden. Connect terminal to panel (J1B). Cable should have
wires 2 & 3 straight through (verify with ohm meter).

13. Connect UNIBUS cable to MILTOPE floppies or extender box
(See separate instructions for extender box) and J-5 of Norden.

14, Connect power cable to J-2 on NIP. Do not plug into power.



GPS LAB INSTALLATION
POWER ON

WARNING! - THESE STEPS TO BE ACCOMPLISHED IN SEQUENCE.
1. Fill out GPS log. '

2. 115 VAC, 400HZ power cord connected to power distribution '
box. ' ‘ :

3. Power cords to disk drives, terminal, and power supplies
plugged in (60HZ).

4. GPS brightness control on CDU full counter-clockwise (click).
5. CB-1 on power disﬁribution‘box in. Then CB-2 in.
6. CB-3 (AIMS PUR), and CB-4 (AIMS VIB.) in if altimeter used.

7. Turn on power to antenna pre-amp. Verify approx. 0.5 amp
current and 15 voltsv

8. Turn on +28 volt power supply to CDU (two switches).
WARNING! Do not touch the 28 VDC rheostat adjustment. It is
preset on 80 for proper operation. '

9.. Turn GPS brightness control on CDU clockwise to adjust
display brightness. A

10. Plug in NIP to 115 VAC, 60HZ.

11. Follow GPS operations checklist for proper system
operations.

12. Apply power to tefminal.
13. 'Apply power to disk drives.
14, Apply power to Norden computer.

15, Follow software operation instructions.



GPS LAB INSTALLATION
POWER OFF

WARNING! - THESE STEPS TO BE ACCOMPLISHED IN SEQUENCE.

1. GPS brightness switch full counter-clockwise (click).
2. CB-1 out.

3. CB-2, CB-3, CB-4 out.

4. +28 VDC output power switch (right) off.
5. +28 VDC power switch (left) off.

6. Turn off power to antenna pre-amp.

.7. Exit any software runniné on Norden.

8. Unplug NIP. |

9. Turn off Norden.

10} Turn off disk drives.

11. Turn off terminal.



~internally). Place memory board between main UNIBUS cable and

EXTENDER BOX
CONNECTING TO NORDEN

1. Unload heads of RLO2s (load switches out).
2. Turn power switch on commércial PDP 11/34A to OFF.
3. Pull extender box drawer out and open top.

4. Remove UNIBUS cable leading to SIGMA 9 interface (left rear
cable). Note orientation of connector.

. 5. Remove términator card (card in back with purple top) from

SIGMA 9 interface and place in slot emptied by UNIBUS cable in
extender box.

6. If additional memory board is needed (for RSX-11M), vetify
proper memory address using attached sheet (NORDEN has 64K words

RX211 card after removing grant jumper.
7. Close extender box and push it back into place.

8. Connect UNIBUS cable from NORDEN to connector behind extender
box.

9. Pull top off of commercial computer and remove UNIBUS cable.
NOTE LOCATION OF NOTCH!

10. Insert UNIBUS cable into slot next to where the cable from
the NORDEN screws into extender box. Note that the tab which
prevents the cable from being inserted backwards is broken.
Insure that notch is over broken portion.

1l1. Apply power- to NORDEN and -terminal.

12,  Apply power to disks and extender box by flipping silver
switch above and right of RX02s up.

13. Push load buttons on RL02s in,.

Reverse procedure to reinstall commercial computer. Remember
grant jumper after removing memory.
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KEPORT OF CONTRACT WORK
FOR UNIVERSITY OF SOUTHERN COLORADO
JULY 1983 - AUGUST 1983
TIM R, JOHNSON

Me main task during this two-month period was to install the RSX11M
orerating system on the Helicorter Grous Lab’s LSI 11/23 comeuter.
The LSI 11/23 comruter suystem is connected to various perirherals
{(see diadram) including 3 Ramtek-9400 color grapﬁic systems voice ineput
and outrut devicessy diditizer tablets and touch ranels The sustem ic used
25 3 deneral rurpose drarhics workstation for design of interactive color
disrlaws and concerts. The comruter had been running under the RT-11
"orerating sustems but we decided that the RSX11M orerating sustem
(multi-users multi-tasking) would make better use of the hardware resources
for the followind reasons!
1) timesharind - two or more peorle could he qevelopinS, editing,
_ comrilinds or doing other tasks at the same time.
2) bidder prodgram srece - RSX11M makes better use of the
128 kwords of memory rresent on the sustems
2llowing rrodrams ur to 32 kuwords in size

(larder if overlaued).

multi-rrodrezmming - more than one Process €an run simultaneocuslys

ol
|

3llouwing more overall throudhruty better real-time

resronse for those prodrams that need it» and new

prodranming ortions such as inter-task communication
. and rarallelism,.

4) imrroved security and ordanization - files and prodrams can be
lodically groured into serarate directoriess and
files can be protected adainst accidental or
unavthorized deletion or alteration. '

The work of converting to RSX11M consisted mainly of writing,

modifuyingy» and installing new sustem software drivers for the various
rerirheralss testing theses and writing new I/D routines in the drarhics

supPort library to use the new drivers. In this waus many RT-11 prodrams

-— - - ~that-were written for the color drarhics system and other devices would . . .. ...



need very few chandes made to them in order to run under the new RSX11M
orerating suystem., In additions some new features offered by the RSX11iM
drivers could be used by all prodramss rresent and futurey in a simrles
general way., '
The following drivers were installed!
8) serial drivers for the touchranel and Voterm -
I decided to use the RSX11M terminal driver (TTDRV) to .
communicate with our two serial devices: the touchranel and
Voterm voice recodnition Qnit. The use of the sustem
terminal driver zllows a3 serarate interrust-driven
*tureahead' buffer for each devicer which can then be queried
by 2 rrodram when it wants inrut from the device. The buffer
can be checked to see if any characters are in its and the
rrodram can specify whether to wait until some are (hans mode)
or return to the rrodram and continue (nohand mode)., In this
wayy both touchranel and Voterm can be used as duzls
either/or inrut devicess which rrovides flexibility in
rrodramming and built-in backur should one or the other device
be unavailable,
b) dgrarhics printer — The Hewlett-Packard drarhics printer was
connected to z dedicated IRVil interface and cable (genersl

rurrose interface busy IEEE-488 standard)s and I modified

the RSX11M standard line printer driver (LFDRV) to run the
HF ‘Frinter. The main chandes were that the new HF driver has
to sddress the HF printer 3s 3 GFIE device on startur as well
8s when the printer goes offliner since the erinter will
become un-3ddressed if rowered off durind printing (to clear
a2 parer Jamy for instance). Alsos the new HF driver must rass
all characters to the printer, since the driver will also bhe
used tq print from the Ramtek screen. This will involve

sending binary data to the printer (with the eprinter in grarhics
mode) so tabs and other control characters must cause no srecial
action on the part of the new HP driver,

c) Ramtek driver - A device driver for the Ramtek-9400 was obtained

and installeds and new 1/0 routines for the Ramtek drarhic

su#éort"Iibfarsmékam}iba—were—wfibeen—%oﬂusef&henneu driversy — - - - - -
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The driver uses direct-memory access to communicate with
the Ramtek devices so I/0 to the Ramtek is faster now than
under RT-11y which used prosrammed 1/0,

d) GPIB driver (for Votrax and diditizer tablet) - A new drivers
IBDRV, was obtained and installed to communicate with the
Votrax voice sunthesizer and the HPF diditizer tablet, both
devices on the GPIE (IEEE-488) bus. Future devices can be
simply pPludded onto the external cable for this bus, set to
2 uniaque GFIP bus addresss and rrosrammed through the IBIRY
driver. Tuwo new 1/0 routiness IEREAD and IBWURITE, were
written and included in the Ramtek surrort library to
commmunicate with GFIR devices. In additions the routine
IESETMODE 2llows the IB: driver to be set uer in four
different read énd write modesy as well 3s srecifuind the
end-of-data character for 2 read of a GPIE device.

The conversion of old RT-11 drarhic rrodrams to the new RSX11M sustem

was fairly streightforward. Some procedure names had to be chandedy ( ie

from Writedrivers Readdriver to Ibwrites Ibread )s and the touchranel and
Yoterm routines have 3 new rarameter ‘handmode's 3 booleans to srecify

uhether to wait for inrut or return immediatelw if there is none. In addition,
3 new routiney ?1ushbuffery was added to the surrort library, This routine

flushes the touchranel or Voterm "tyreahead' buffers since there will be

some cases where a prodram does not want any rrevious inFut from the device
tut only inrput that occurs after 3 serecific reauest for ineput from that device.
The usual case when this happens is duringd successive menu hox selection

using the touchepanelsy where two or three ‘hits’ for the same menu box will

" be stored in the tyreahead bufferr but all those after the first hit are

redundant and rossibly wrond if taken to be the input for the next series of

menu box tests on 8 new disrlay frames» for instance.




SYSTEM CONFIGURATION

WINCHESTER DISK FLOPPY DISK
~ UNIT Ot 15 MeG UNTS 0,13 am
UNIT | 2 S MEG| -
(b~bit i
WEL | LINE PRINTER. | .
/r;'m« - LsI u/o.s | GOB | GRAPHICS |
' 1 : conpu'har ) PRINTER
TERM Gl VOTRAX
~. 2 VOILE OUTPUT
o’ -
. PIgmM=EER
b- .
DMA
RAXTEK 9460 _..1 FUTURE
Lok gma peuc&s
| GRAPHIC __
DISPLAY ' | R5-232 VOTERM _
< . RS-232 | - VOICE RECOGNITION _
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SUMMER
PROGECT

June-August, 1983

by
Richard W. Parker

to
Dr. Don Cottrell




During the summer of 1983 at NASA Ames Research Center, located at
Moffett Field in California, I performed various technical and development
tasks. -The tasks that were performed and required of me were to assist
Ralph Carestia in the development of a few boards used on the project and
to do technical tasks on projects previously started.

I assembled two Intel SDK-86 single board computers and trouble-shot
another one to be used for training purposes by Ralph. The SDK-86's were
very enlightening to assemble, because they gave me an understanding of a
16 bit computer system and some familiarity with 8086 asseﬁbly language.

The boards that were assembled and developed were couple port 1/0
boards, a 16 port DAC board, a digital to syncro board, a digital to
~ analog_ discrete board, and an analog to digital discrete board. With re-
gard to the Tlater two boards, I was instrumental in their design. The
digital to analog changed a digita1 word from a S-100 interface to 28vdc
and Ovdc for the simulator use, the analog to_djgifa] changed the 28vdc

input to a logic 5vdc level used in constructing words utilized by the
computer.

The digital to analog board used a DG162 for a switchjng dgvice for op-
erating a transistor, used as a current sinking device, switching develop-
ing the 28vdc used as an input to the simulator.

The analog. to digital board used a comparator (LM 311) to change a 28vdc
input to a logic 5vdc -level. I used a debounce circuit to eliminate un-
wanted spikes caused by the switches bouncing when the operator used
them. A storage register (D flip/flop) is used to latch the information
until the computer requests the data. A signal from the computer-resets
the register after it receives the data to enable sampling of the word
again. The signal used for the reset function was the Data Transmitted
Tline. '

The summer employment was very enjoyable and a good experience for stu-
dents to have. The expense was a little rough if the students have some
financial respons{bility elsewhere. But I enjoyed the experience and -
thank the university for selecting me to participate in the program and I
hope the program will be able to continue.





