
‘[t- AQ—AQ’4 j 978 ROCKWELL INTERNATIONAL ANAHEIM CALIF AUTONETICS GROUP FIG 1/3 

-

SERVICE ENGINFERI NG REPORT FOR F—ill SIMULATION STUDY. CU) N
NOV 73 P S HODGES FO’4606—73—D—0141

UNCLASSIFIED C73—1l66/201 NL

_ _ _ _

•n 
_ _



‘C73-1166/2~1~~

!‘ SERV~CE E~~G3N EER I NG REPORT
FOR

F ill SiMULATION STUDY .

( - HFINAL REPO~T),~

I 2 8 N v~~b 1973 ‘i ’ ~~~~~

Prepared for SMAMA in Accordance With
Contraci F04606 73.D-0141,Task 007

I >
-í

Prepared by

-• D D C
EJ

>-
0~

I ~~ Autonetics Division
• Rockwefl Internattanal

3370 Miraloma Avenue, Anaheim, Ca~itcrnia 92803

‘ i i
)

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



FOREWORD

~~Thls study was performed by Rockwell Intern at ional ’s Autoneti cs Division for
the Sac ramet~t9 Air  Mate rial  Area ~~MAM A) as a task within  the scope of Ai r  Force
Contract FO4~~ -73—D - .Ol4 1. The purpose of th e study was to invest igate  the need and /or
feasibil ity of a digital ly controlled F-Ill s imulat ion facility at SMAMA . Thi s facility
would provide SMAMA with the capabil ity tQ:—, )~~ t t - - ~ - - j

-
~~ 1. Verify and validate : .FP ’s~ prior to flight test

> 2. Investigate problems/changes .

3. Formulate and checkout solution s to problems.

These capabilities will be required in order for SMAMA to satisfy their AF Engineer-
ing responsibility for F-lllD , FB-lllA and F—I1I F flight tapes.

This report contains the answers to specific questions that were asked by
SMAMA. Addi tion ally , i t describes a simulation approach that wi ll , whe n imple-
mented , provide the desired capability. This app roach is one of many that could be
taken , and is based strongly on a concept of prov iding a satisfactory init i al  capability
that can be expanded or modified during the F-ill operational lifetime . The areas of
expansion are also discussed in the report .
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1. INTRODUCTI ON

1.1 ORGANIZATION

- ThLs report is organized in general accordance with Data Item DescripUon
DI-S-3601/S-142-1, Service Eng ineering Reports , as required.

1.2 CONTENT

Sect ions 2, 3 and 4 consist of summary study results and backgroun d informa-
tion describing the need for the study.

The majority of the detailed info rmation derived during the study is presented
in Section 5 . This includes: (I) conceptual configurat ions of both hardware and
sof tware baseline approaches recommended by Au tonetics with potential growth and
alternate uses of the recommended facility; (2) presentation of a realistic developm ent
program , i ncluding schedules and an estimate of cost/manpower required to obtain
the facility and (3) rationale substantiating the need for and benefits to be derived
from such a facility .

SectIon 6 presents the study conclusions and recommendations for specific
future actions to be taken by SMAMA . Sections 7 and 8 present references and
abbreviations used in the report .

1—1 .
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2. SUMMARY

2. 1 GENE R AL

The study as conducted by Auto net ics consisted of two primary efforts. The
first was an investigation into the exist ing capab i l i ty of SMAMA to produce the
required operational software and system level support with existir .g support equip-
ment. The second was pr par at ion of a conceptual definitio n for a dynamic simulator
to be used in Operational Flight  Program (OFP) checkout and evaluation.

Both of these efforts were predicated on the following factors that are Identif ied
here for continuity: (1) SMA MA , havi ng had little previous active partici pa tion in
F-Ill OFP preparation and checknut , wil l  be requi red to provide a m inimum of one
flight tape per year for each of the three F-Ill configurations , (2) Available checkout
facilities consist of the MARK H Integration Test Equipmen t (ITE) and the F-Ill nose-

• bay mockups , (3) the OFP responsib ility w i l l  continue th rough the l i fe  of the F-Ill
program , conside red for the purpose of this study to be approximately ten years ,
and (4) OFP checkout consists of ground evaluation (presently using the ITE), followed
by flight test at SMAI~1A and f inal l y, flight evaluat ion by the us ing commands .

The ITE and nose-bay mockups provide the capability to operate the various
F-Ill avionics subassemblies. This test equipment , whil e satisfying the purpose for
which it was intended , Is inadequate for a long-term , software maintenance/develop-
meat program .

The apparent heavy erhphasis placed on “simulat ion ” could be misl eading to the
reader . In ac tuality the main thrust of the study was to define an integrated , dy namic .
software test/verification facility. The purpose of the simulation is to provide a
realistic , dynamic environment in which detailed test and evaluation of F-ill software
and software/hardware combination can be accomplished. ‘This test and evaluation
is Implemented through use of the real-time data monitoring and control devices
Included with the dynamic simulation. In this light , the facili ty recommended in this
report could be considered as an F-ill Simulation/Integration Test Station (SITS).

2.2 RESULTS OF PRIMARY EFFORTS
-1

Following subparagraphs summarize the results of the two primary study
efforts.

2. 2. 1 ExistIng Capability Evaluat ion

One goal of this study was to determine if existing test facili t ies and maintenance
procedures are adequate to provide required software and system level support .
Factors considered in this study were: (I) the expected level of f l ight  tape mainte-
nance , (2) pas t , present and expected software/system problems , (3) the test capabil-
Ities of the static integration test facilities (ITE) and (4) the debugging / troubleshooting
effectiveness of past F-Ill flight test programs. Investigation revealed that the
existing test facility and software maintenance approach is inadequate and is not cost
effective. Perhaps more importantly, complete dependence on this  facil i ty could
result in failure to achieve the complete potential of the FB-lllA , F-lllD and F-lllF
weapon systems. It was determined that an operato r oriented dynamic te s t /s imulat ion
facility designed for the purpose of identifying, Investigating and solving software
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problems is required to meet the F-ill  operati onal f l ight  program/system level
maintenance rcquire rnmts. This faci l i ty  would provide for: (1) t imely solutions to
field problems or new requirements , (2) a reduction of up to 50 percent in the total
amount of fl ight testing and (3) reahzat ion of the complete potential of the F’-lll
digital avionic system.

Autonetics completed the f i rs t  FB—l llA tape program in 1967 and the f i r s t  F— h iD
tape in 1968. During the past six years , there have been eleven tape revisions for the
FB aircraft and seven for the D. These revisions , pr imar i ly  oriented at problem
solving, consumed almost monumental software effort by Auton etics , GDj FW and
USAF. This effort was expended by personnel who were intimately familiar with the
programs/systems by virtue of the fact th at they developed and ’or worked with the
programs for an extensive period of time. In spite of this effort , approximately
150 open items , including apparent problems and enhancements, will  remain in the
SMA1~IA F—ill Problem Book after approval of the baseline tapes. Clearly,  the
methods and techniques used for the OFP checkout and verificati on have been

• Inadequate.

Highlights of the evaluation of existing capability are presented below . A more
detailed discussion of this evaluation is presented in Section 5. 6.

2.2.1. 1 Test Equipment

The existing (static) ITE was found not to be software checkout oriented . Th is
equipment was designed for system integration/checkout by contractor personnel who
had intimate kn owledge of the detailed system mechanization. As such this equi pment
has limited si gnal control , lack of data monitoring or data gathering capabil ity and
no ability to create a controlled dynamic program environment necessary for problem
solvlng. -

The process of software problem isolation/solution , flight program debugging
and system hardware evaluation requires the capabil it y to monito r program operation
and obtain data. The existing ITE has no real-time data gathering capabi lity . C r i t i —
cal interfaces such as exist between the computers and converter cannot be examined,
The computer cannot be monitored during tests to provide answers to flight program

• problems . Total serial data transfer over the subsystem interfaces cannot be dynam-
ically monitored and analyzed. - -

The majority of F-ill flight computer subprograms involve a dynamic , inter-
active process . Other than for static mode and control logic functions , the flight - ‘

programs operate on dynamically changing input signals . Computations for navigation ,
- weapon delivery and steering involve dynamic data sensors such as the inert ial  plat-

form , attack radar , dopp ler radar , air data computer , etc . The existing ITE facili-
ties cannot exercise these sensors dynamically to simulate actual f l i ght  conditions.
This deficiency limits solution of a large number of F- i l l  fli ght problems and is
discussed briefly in Section 5.6 , relative to existing, known problems.

2.2. 1.2 Computer Utilization

The F- I l l  flight programs were found to util ize 98 to 100 percent of the available
computer memory and cycle times . Individual changes to these highly efficient
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f l ight  progra ms resulted in an interaction throughout the entire f l igh t  program . It is
vi r tua l ly  impossible to make a pngra rn  change wi thou t  affect ing other areas of the
OFP . E xis t ing  test equipment does not provide the v is ib i l i ty  to determine these
inte ractions .

2 .2.1 .3 Air  Force F - i l l  OFP Experience

Detailed Air  Force involvement  in the preparation and development of F- i l l
flight programs was v i r t u a l l y  non-existent . Li t t le  knowledge exists of the details of
the subprograms and the ra t ionale  behind thei r  development and/or optimization .
Problem solving requires in t ima te  knowledge of the flight program . A dynamic test
facility can provide this  v i s i b i l i t y  by way of providing both dynamic operating condi-
t(ons and the instrumentation and access to the inner workings of the system/
sof tware while in those conditions.

An attempt by AFLC/SMAM A (or other organization or contractor) to perform
the F- i l l  operational f l ight  programs and system level maintenance tasks with these
major test l imitat ions will  result in a costly and inadequate maintenance program . A
current example of the required f l ight  program validation effort can be seen in the
F-h iD flight test presentl y bei ng conducted at Cannon AFB. Forty sorties are
planned for flight test validation of the recently received “f i na l ”F - l l ID  operational
flig ht program (tape D07 115/ 2 15). The requirement for this type of program , bei ng
conducted by SMA MA , SPO , Cannon and contractor personnel , ‘is based on experience
gai ned on s imi lar  programs conducted at Mountain Home AFB . Ev en th is  am oun t of
effort , following extensive contractor tape preparation/checkout , w il l  l ikely leave
numerous uncertainties in the readiness of the f l ight  tape, and henc e the weapon sys-
tem . Autonetics estimates that dynamic s imulat ion could reduce the cost of such a
program (fo r sir ~ le tape checko ut) by half a mill ion dollars , and result in substanti-
al ly Inc reased conf idence in the OFP . The de tai ls  of this estimate , along with other
requirements rationale , are presented in Section 5.6 .

2.2.2 F-il l  Simulation/Integration Test System (SITS) Summary 
-

The need for a dy n am ic simulation and test capability was summarized in
Section 2.2.1 . However, the architecture &f such a system must be structured to
facilitate problem solution and operational fligh t program updates from the test
operator ’s standpoint . Provision should exist for test mission profiles to be flown
with full test operator monitoring and sequence control. In sumnn ry, it must be an
operator-controlled simulation system . Moreover , for efficiency, the system should
provide a high degree of commonality among the three F-lll systems. This common-
ali ty encompasses interface hardware , test software , test operator procedures , and
growth prov i sions . The system approach discussed in Section 5.2 satisfies these
commonality and operator-controlled goals. Figure 2 -1 is a simplified block diagram
of the F-lu simulation system approach . It is noted that the relative sizes of the
‘interface hardware ” blocks show the intent of satisfying the commonality goal. The
next few paragraphs indicate some of the major features of the approach.

One of the basic features allows (fo r the f irst  time) the F-Ill operational flig ht
programs to be tested and verified collectively. There is no ‘b ontamination ” of the
flight programs with such typical add-ons as data pumps and monitors . These
functions , necessary for proper monitoring and test contro l , are performed by
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TEST COMPUTER T EST
SIMULATION SYSTEM OPE RATOR

I I

UNIQUE COMMON INTERFACE
INT ERFACE

_____________ 
F - I l l  NOSEBAY 

___________ SYSTEM
MOCKUP OPERATOR

Figure 2-1. F-ill Simulation System General Block Diagram

hardware which interfaces with the internal and external memory and data buses of
the computers. Moreover , the test operator , via the test computer simulation
system, has direct control over these bus interface units,  The refo re, he can start ,
stop, monitor , ski p and generally ‘ walk” the simulation system through almost all
sequence steps .

Another major feature is the variety of interactive devices available, The
keyboards provide the major interface with the test system . Using the various
option s, the test operator can , as a minimum:

1. Call for a menu of test setups and select the desired one

2. Call for test setup procedures to be displayed on the CRT(s)

3. Load F-ill fligh t programs and specific changes for the current test setup

4. InitIalize the air vehicle dyn am ic simulator which provides the real world
reference for F-Ill test/evaluation

5. Identify the type of simulation to be performed (e .g. , canned profile ,
static under keyboard control , system operator control using actual
stick and throttle inputs to the real world air vehicle simulator)

6. MonIto r simulator performance on CRT(s)

2-4
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7. Monitor F-I l l  perfor man ce on CRT(s)

8. Reco~ 1, for l ater  ana lys i s , both s imu l a to r  and F-I l l  par ameters on
pr inte r s, magn et ic  tapes , etc .

These options and more provide  the test operator with complete flex ibil ity tosimula te the actual f l ight  e n v i r o n m e n t , lie can then reproduce a problem , es tablishpossibl e solutions , and v~~- i f ~- the selected solut ion in a dyna mic atmosphere wi thoutnecessitating any f l igh t  tests . The sa me interact ive devices allow him to evaluatenew modes , functions , weapons , tact ics , etc .,  wi th the realism of actual flightconditions .

The design and development of the F-I l l  s imulat ion system is envisioned inphases . Phas e I would provide about 90 percen t of the total dynamic simulationcapability . Phases 2 and 3 would add subsystem simulations and provid e for expandedstatic testing, A realistic Phase I schedule has been estimated at eighteen monthswith an assumed go-ahead of Jan uary 1974 . Esti mated resources required to obtainsuch facilities as are described herein , wi thin the eight een month schedule , totalapproximatel y 285 manmonth s and $590 , 000 . This in vestment would provide bothha rdware and software for two Simulat ion / Integrat io n Test Stations (F-h ID andFB-lllA/F-lllF), Detai ls of the developm en t incl uding estimated cost breakdown arediscussed in Section 5. 5.

The proposed simulation system is responsive to the need for testing andverifyi ng operational flig ht program s. The test philosoph y is comm on fo r bot h theF-h iD and FB-lIlA/F-l l iF configuration s . The development plan and schedule isrealistic with no major problems envisioned .
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3. STATEMENT OF THE PROBLEM

3.1 GEN ERAL

‘fhe F—Ill  Avionics Sys tem is presently in a state of transit ion .  Contracto r
development is at an end and the Air  Force Sy stems Colnmand is tu rn ing  responsi-
bility for maintenance engineering over to the A i r  Force Logistics Command
(AFLC/SMA MA). The avionics hardware and software could be supported either by
the contractor or organically . Contracto r services for maintenance engineering
support are expensive and require a high degree of expertise on the part of th~ Air
Force to properly manage the contractor efforts. The skills needed to manage the
contract are s imi la r  to those needed to actually perform the work . Therefore , i t  is
In the best interest of the Ai r  Force to obtain an organic capability supplemented
with contractor special ty skil ls .

The maintenance of the F-ill flight programs requires the use of special tools
developed expressly for the purpose. At present , SMAMA uses only the Integration
Test Equipment  (I TE) developed by Auton et ics  during the early phases of F - lhl  devel-
opment for integration of the Mark II avionics . This equipment is a hot mockup of
the Mark II avionics with simulated signals which can be manual ly  set by an operator .
Although the simulat ion is essentiall y static , it is dynamic in the sense that aircraft
velocity is an input , and the situation originally created can he ch anged by the
operator , wi th in  the limits of manual dexteri ty,  control l ing one input  s ignal at a
time . The equipment has severe l imitat ions , and cannot provide the same set of
time varying signals that an a i rcraf t  in flight would present to the av ion ic  system .
In the future , nosebay mockups and subsystem testers wi l l  be added v~ the support
facility. These equipments do not greatl y increase the abili ty to control the inputs
or provide a more realistic set of input signals .

The process of maintaining the operational fl ight programs can be broken into
several phases . Each phase has its own unique requirements for support . tools. The
principal phases follow .

3.1. 1 Problem Identification and Problem Recreation

One of the f i rs t  steps in the solution of any p roblem is to identify the complete
set of symptoms associated with a problem and to recreate the situation causin g the
problem at will . This step is necessary not only to provide the necessary fo undation
for problem resolution , but equally, to insure that tests can be performed to verify
the correctness of a given solution. Tools mus t be developed which exercise tile
flight program . The follow ing characteristics must be provided.

3. 1. 1. 1 Man in the Loop

Due to the sketchy descriptions avaIlable for most problems , an iterative
process is necessary. Initial attempts at identifying and reproducing problems will
be highly speculative , with successive iterations slowl y zeroing in on the problem
area. The process is extremely jud gemental . Such characteristics dictate a very
flexible system with a man in the loop if the length of each iterative cycle is to be
short enough to aI’ -iw identifica tion of the problem within a reasonable time.
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3.1.1.2 Total System Configuration

In order to exercise an area of code, all inputs into that area must be supplied .
The inputs must be rea listic and in agreement wi th  the other inputs being supplied.
Since It is not known beforehand which areas of the program will be exercised , pro-
vision must be m acic to supply every input to the Mark II system In a realistic manner.
As an exam ple , if the coellicicnts of the Kalman f i l ter  were being checked , inputs
from the Inertial Nav igation Set , Central Ai r  Data Computer , Auxiliary Flight
Reference System, J-Box, Doppler Radar and Astrocompass (not all items are in
every aircraft configuration) mus t be provided. Each Input must provide the correct
stimulus for the assumed position in space and state of the aircraft (e. g. , inertial
velocity may not be zero with a non-zero system velocity). -

3.1.1.3 Perturbated Inputs

Not all problems are caused by true program errors . In some cases the pro-
- gram reaction is caused because the inputs are not as ideal as was assumed , In

order to investigate such problems , control of equipment failure , noise , bias , and
out of tolerance signals Is required.

3.1.1.4 Repeatable and Controllable Inputs

The high cost of software maintenance is primarily attributable to the cost of
skilled personnel . The amount of time spent in attempting to duplicate a problem can
be reduced if control of the exercise Is op timized to reduce operator setup time.
Another problem is that once a problem has been made to occur , It may not be repro-
duceable. This could be caused either by the fact that the exact analog voltage neces-
sary cannot be reset or through operator oversight , a swi tch position is different than
the first time the problem was produced In the laboratory. Both of these types of - -

problem can be overcome using digital techniques.

3.1. 1.5 Recording and Analysis 
- 

‘

The use of various recording and analyst s techn iques can give the engineer a
stgnificant1~ larger data base which can be used to speed the analysis of a problem.

3. 1.2 Solution Development

Once a problem can be created in the laboratory and a set of symptoms foun d ,
various engineering analysts techniques can be used to formulate trial ‘!~~ions.
These solutions must  then be tested In the fli ght program to observe the correctness
of the solution. During this phase of program development the effectiveness of an . 

-

engineer ’s time , and therefore , program maintenance costs , can be optimized If he
has tools which provide:

3.1.2.1 Alterability of the Flight Program

The ability to enter changes into the fli ght program for analysis purposes is
mandatory. The ability to do this without introducing entry errors is desirable If
time and equi pment are to be used effectively. Using the present computer control
panels on the ITE , if an address is entered incorrectly, the change can be entered
Into the wrong area of memory. Later attempts to locate and remove the erroneous

3-2 

- — -  - — --.- --~~~- - - -- ----~~~ - - ---~~ ---



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

change may he fu t i l e .  The only solu t icn  is to reload the computer and start  over.
The ab i l i t ~ to check the i n fo rma t i on  before it  is loaded is therefore , h ighly  desirable.
This can be done when changes are entered under the control of another  computer .
This method allows easy removal of a change when it is no longer desiced .

3.1.2 .2 Documentation Update and Configurat ion Control

The use of automatic recordi~ ; of changes provides greater confidence that the
documentation reflects the actual f l igh t  program configuration . It el iminates the
possibility that someone wi l l  forget to document the entry of a change. It el iminates
the tedious copying of changes into an official  log and prevents transcription errors .
It also provides a convenient method of mainta in ing  configuration control.

3. 1.3 Testing

Once all of the various changes have been developed , they are all entered into
the fl ight program and tested as a uni t . The test program has a d ifferent set of con-
straints than the earlier development phases . However , some of the requirements
are common with the earlier requirements.  Key characteristics required to exercise
and test the operational flight program follow .

3. 1.3 , 1 Exercise of All Modes

The requirements are similar to those for problem Identificatton and recreation,
All inputs to the system must be available and controllable if all  parts of the program
are to be checked to insure  that they were not impacted by changes in other areas .
Before a new fl ight  program version is released , a thorough check of each section of
the program should he made in a systematic manner . For effectivity this  implies not
only the ability to exercise all modes , but also the next requirements,

3.1.3.2 Scenario Generation

This phase of tape development no longer requires man in the loop test ing.  A
formal test procedure is required . The rigid and structured nature  of such a proce-
dure lends itself to automated checkout control . Automated control not only allows
faster setup of the proper test conditions and therefore , speeds the test ing program ,
but insures proper test conduct by l i m i t i n g  operator errors and allows repe atabil i ty
of the procedure. A further advantage is that test procedures can build upon previous
procedures to the point where a very comprehensive test procedure can be developed
and maintained with minimal  effort .

3.1.3.3 Real Time Analysis

The use of real t ime analysis techniques allows a continuous evaluation of each
portion of the program under test . The inclusion of performance cr i te r ia  in the test
program also insures that a thorough analysis of requirements has been made and
contributes to the confidence in both the checkout procedures , and the f ina l  results.
A further advantage of real time analysis is the capabil i ty for greater depth of
analysis. Using present equipment and procedures , the amount of data tha t  can be
gathered by an operator is l imi ted .  Performing the necessary conversions on the
data before anal ysis fur ther  slows and limits the manual  capabili t ies . Tools wh ich
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allow faster , more accurate , and greater data gathering, conversion and analysis
greatly enhance the ability to perfor ’x~ maintenance engineering.

3. 1.3. 4 Test Documentation

One of the requirements for any testing program is adequate documentation .
Information on the test procedure , evaluat ion cr i ter ia , a record of events , results of
analysis , etc. , are necessary . Acc urate documentation using manual methods is very
difficult and time consuming to obtain. However , it can easily be obtained as a fall-
out item in an automated system.

3. 1.3. 5 Error Recording and Recovery -

If by chance an error is found, it is necessary to hav e In formation on how the
error was generated , what the symptoms are and areas of the program affected .
Information on how the error was made can be found in a trace of the instructions and

- data prior to the error detection. This can be done using data recording techniques.
Symptoms and areas of the program affected can be foun d by selective dumps and
analysis of the flight computer memory. Error recovery is necessary so that once
all information about a problem is known , the test can continue and other possible
errors found. Without this feature each error would have to be corrected in sequence
before the test could be resumed , If errors are interrelated , this could cause long
and unnecessary delays,

3. 1.3.6 Complete Computer Control

The abov e requirements are best Implemented by el iminating the human inter-
face element and allowing complete computer control of the test program. Wi thou t it ,
the manhours expended inCrease development costs . Simple errors cause program
delays and confidence in the final product is lessened.

3. 1.3.7 Tool Provision

There are two possible ways to provide a set of tools meeting the above
requirements ,

3.1.3.7 .1 TotalI~r Digital Simulation. Using this technique, the flight computer ,
conver ter , and all interfac e units are simulated on a general purpose computer . It
has the advantage that access to data within the ‘flight computer ” is very easy to
obtain and the anal ysis of problems Is simplified. More analysis can be made as the
program proceeds because the operational fl ight program is not executed or exercised
In real time. Ho~:ever , the non-real time operation has definite disadvantages also.
First , real t ime to execution time ratios of 300:1 are possible. This makes the
large scale general purpose computer time very expensive . Secondly, the slowness
of operation means that a complete evaluation of a program can cause considerable
delays in the development compared to the same checks being made In real t ime.
Further , man in the loop control is extremely difficult  to implement in non-real time .
Another problem with this Implementation is that the simulation of the fl ight computer
Is never an exact model of the real thing . Therefore , confidence in the results is
less than If the program were exercised in the actual flight computer. A further
problem Is the size of computer required . Fully digita l simulation requires large,
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powerful general purpose computers.  These are extremely di f f icul t  to obtain , contro l
is harder to achieve , and their cost for in i t i a l  ins ta l la t ion  and maintenance  is very
hig h .

3. 1.3 . 7,2  Hybrid  S imula t ion .  This technique ut i l izes  the actual  f l ight  computer
and converter set and any of tile avionics subsystems that operate ident ica l ly  on the
ground or in the air .  Those portions of the system that are sensi t ive to their  environ-
ment are simulated. The a i r f r ame , atmosp here and sensors are simulated as in a
fully digital s imulat ion . The hy brid configurat ion has the advantages of operating in
real time , prov iding confidence that the computer complex wi l l  not behave differently
than the airborne computer complex. Addi tional advantages include the abil i ty to give
man in the loop capabil i t ies , and the usefullness of smaller and more inexpensive
computers. The price of all of this is that it is harder to obtain visibi l i ty of the
computer programs as they operate .

3.1.3.8 Hybrid A pproach

In view of the relative advantages and disadvantages between pure digital and
hybrid simulation , SM.AMA felt tha t the most useful approach to satisfy th e  overall
requirements for tape development was the hybrid approach. This study is an evalua-
tion of that approach.

3.2 POTENTIAL APPROACHES CONSIDERED

3.2. 1 Groundrules

Certain groundrules l~ad to be established near the beginnin g of the study to
assure that the recommended tape verif icat ion fac i l i ty  would sat isf y basic require-
ments and also to somewhat l imi t  the number of approach’es conside red . These
groundrules were determined by looking at the general problem of ma in t a in ing  and
validating the F - i l l  operational fl ight programs-and review ing existing capab ilities
in this area in order to point out defic iencies which must be reduced or , if possible ,
eliminated .

Two method s currently exist that could be used for verifying oper ation of the
night programs . These methods were used by Autone tics during th e avionics develop-
ment program . First , the program for each computer (General Navigation Computer
IGNCJ, Weapon Delive ry Computer [WDCJ, and Navig ation Computer Uni t  I N C U J )  Is
tested in a stand-alone configuration . This method is called tape ver i f i ca t ion  tests
(TVT) , Next , the three programs are integrated in static compat i b i l i ty  demonstrat ion
test using the ITE . In this la t ter  test , the three programs are integrated only during
a ‘Tree inert ial”  navigation run. Fo r subsequent demonstr ation tests , the NCU does
~ot part ici pa te . The ITE was primari ly designed as an interface test aid , but can also
be used to a l imited extent for f light  tape checkout . The inadeq uacies of the ITE for
this purpose arc pointed out in detail in Section 5. 6. Basically, these deficienc ies
are limited control of inputs , ins uff ic ient  capability for data monitoring and gathering,  -

and i nab il i ty to create actual dynamic fl ight  conditions . Al though the I’F E has been
shown to he inad equate for overall f l ight  p rogram verification , it is the only capa-
b ility SMAMA has . Therefore , it is recommended that the test station be left intact
to be used as an interface test aid and , to a limited extent , as a backup facility.
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- TV T was the method used by Autonet ics  for the formal functional  qua l i f ica t ion  of
the F - i l l  program tapes dur ing  tile in i t i a l  stages of t ape development . It consisted of
a collection of software tests ~ hich  ve r i f i ed  the funct ions  contained on the GNC and
WDC program f l ight  tapes (separ :ite ly) using only the IBM 4— P I  compute r  to simulate
necessary fl ight  equipm ent and int erface signals.  The only fligh t hardware used were
the two 4-PI computer s as shown in F igure 3-1 . One computer conta ined the test con-
trol software and was designated the pr t rnary  computer . This software then exercised
the functions contained on the f l ight  program tape , which was loaded in the secondary
computer. This fact alone points out one of the major TVT defic iencies In that only
one flight program could be verified at one t ime with no simultaneous operation of the
GNC and WDC program tapes. Another major deficiency was that the only actual flight
hardware used were the two computers. All  the other hardware necessary to exercise
the flight program s were simulated with software. This not only meant  that there was
no way to check the interface and synchronizat ion of the system , but also it resulted
in the test control program being very dependent on the fli ght program. It is difficult
to use software to simulate all the detailed character is t ics  of the actual hardware. In
many cases , changes were made to the f l ight  prog ram which were still compatible
with the hardware , but turned out to be incompatible wi th  the software simulation .
This required that modifications be made to the test control program , causing long
time delays In verif y ing a flig ht program after a new assembly had been made.

TVT was primarily designed for f inal  program tape verification. A predeter-
mined flight profile was “flown ” auto matically . Manual control was awkward which
made it practically useless as a troubleshooting or debugging tool. It was diff icul t  to
make repeated tests of a specific function without rerunning the entire mission profile
because there was no conv~~ ient way of re ini t ia l iz ing the f l ight  program to a particular
set of conditions.

TVT was run open loop. There were no data result ing from fligh t program
computations being sent back through the system. These data were only recorded and
compared against a set of predetermined ver ification values. Recording of these data
required modi ficat ions to the flight program to create a data pump. These modifica-
tions consisted of a small interface subroutine which was placed in unused memory
locations . In some instances there was not sufficient unused memory and som e of the
flight program code had to be overlayed. In both cases , the f l ig ht program being exer-
cised with TVT is not Identical to the program tape actuall y being flown in the aircraft .

In the initial stages of development of the F-i l l  program tapes , some effort was
put into building an F-il l  hy brid simulator. Although the project was discontinued
before it reached its full potential , it was operational to an extent which allowed some
modes to be exercised. It was pr imari ly  designed to check navigation steering and
weapon delivery mechanization. There were two phases of deve lop men t . In the first
phase , some of the simulation was done with an analog computer , part icularly the
aerodynamic model. The second phase was completely di gital . Due to the lack of
reliability and accuracy of the analog equipment , the digital simulation was found to
be far superior .
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After reviewing the past and present simulation capabilities, and pointing out
deficiencies with consideration of the problem at hand , the following groundrules were
established as guidelines for the approach to be taken .

1. Simulation computers to be digital .

2. CapabIlity to exercise the fl ight computers as a system (i.e. , simultaneous
operation of the GNC , WDC , and NCU).

3. CapabIlity to run closed loop.

4. No contam ination of the flig ht program.

5. Include as much actual avionics hardware as possible, considering time,
cost , and realism,

3.2.2 Con.f lguration Options

Once the basic groundrules had been established , other option s were studied .
Some of thes e were consideration of modifying the ITE to be Included as part of the
simulator , automatic control versus “man in the loop ” operations , and decisions as
to what hardware should be used and what should be simulated.

It was decided to use the existing nosebay mockups to house the avionics hard-
ware. Rat ionale for this decision Is presented in Section 5.4 .

It was also determined that “man in the loop” and automatic control are compli-
mentary !n flight program maintenance and verification.  The need for both exists .
One of the basic requirements of a simulator Is the ability to search for a problem.
To do this efficie n tly,  the Inputs should be under control of the operator. This would
be advantageous in that the simulation would not be constrained to a pre-determ ined
mission profile. For reproducing and solving problems , the ability to run specific
modes or functions indIvidually is needed, Once a problem area has been isolated ,
repeated tests could be made exercising that specific portion of the fl ight program.
The man in the loop would have complete control of the simulated flight and would be
free to select any mode of operation and variances of these modes. A “man in the
loop” sim ulation could also be used in support of final tape verification. Us ed in this
sense, It would be more of a mode verification in that it would verify whether a mode
functioned properly, but it would be lacking In checking the accuracy of the fligh t tape
mechanization. There would be a loss of accuracy due to the inabil i ty to manually

• duplicate inputs in repeated runs . The major portion of f inal  tape ver i f ica t ion requires
that precise Inputs be used and that outputs be checked against precomputed answers
for accuracy . ThIs Is best done by removing the man from the loop and generating a
predetermined (canned) flight profile run entirely under computer control . Final
checkout would be made by comparing results against a standard profile. This stand-
ard profile would not change between different versions of the flight program unless
the actual functions were altered .

The distinct phases of flight program maintenance , problem reprodu ction, prob-
lem solving, debugging and final verification could be handled effi ciently with these
two capabilities .
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It would seem tha t  the o p t i m u m  way to build a s imula to r  would he with  all of the
avionics hardware inc lud e d  to dup l i ca t e  the operat ional  system . However , this intro-
duces the problcr~i of how to s t i m u l a t e  the sensors . ” It would then be necessary to
simulate the env i r onment  for ~ h ich each of the sensors operate. The cost and t ime
to develop these e n v i r o n m e n t s  would he t remendous and re l iab i l i ty ,  maintenance/
calibration and r e su l t i ng  a v a i l a b i l i t y  problems would increase. The net result  in
using the actual sensors is th a t  the  t a sk  of s i m u l a t i n g  these sensors is transformed
Into a more d i f f i cu l t  task of s i m u l a t i n g  their  envi ronment . Since the pr imary purpose
of the simulator is to main ta in  the f l i gh t  programs , software s imul a t ion  of the sensors
would give them more flexibi l i ty and possibly more realism . Addit ional  hardware
versus simulated hardware rationale as well as detailed equipment l is t ing are pre-
sented in Section 5.

3.2.3 Ph ase Development

To get maximum use out of a s imulator  as soon as possible , it is necessary to
plan a mult ip hased development . A detailed plan is given in Section 5. 5. In general ,
Phase 1 wil l  support operation of all the modes and functions of the f l ight  program tape
with the exception of the following.

1, Astrocompass Model (FB-1ll only)

2. A Ir— t o-Ai r Radar modes (F-h iD only)

3. Takeoff and landi ng modes

4, Error/Noise Injection into models

The above could be added during Phase 2 or when desired/required.

Phase 3 will include:

1. SRAM Missile model

• 2. HUD stability and accuracy tests

In order to keep a smooth t rans i t ion  between different phases, it is r ecommended
that the simulation routines be modular . The addition of new models would have no
effect on existing models. The only modifications necessary would be to the executive
subprogram to include scheduling of additional models . This type of structure would
also be beneficial for maintenance and control over the total software simulation
package.
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4. HISTORY OF PROJECT

4. 1 G E N E R A L

The F - i l l  avionics program has completed the production cycle and the
equipment is becoming operational . The Ai r  Force Engineer ing responsibility for
the F-i l l  flight programs is presentl y bei ng transferred to SMAMA . As a result of
its role as prime contractor for the I~IARK 11 Avionic s, Autonetics is presently under
contract to SMA MA for perform F-ill  MARK II Engineering Services. This contract
was amended in July 1973 , L include an engineering study to establish the feasibili ty
of a digi tally controlled simulation facility that would be used by SMAMA for F-ill
flight program maintenance and/or development .

The SMA MA responsibility covers programs for the FB-I11A , F-111F and
F— h iD. Implicit within the responsibility is the requirement to provide program
revisions to the operating commands at least once each year . SMAMA has defined
procedures for preparation and configuration control of the programs. There are
several possible alternate approaches toward tape verification and checkout that are
discussed in other sections of this report .

It should be noted here that tape program support has become extremely
Importan t in modern avionics due to increasing use of computer controlled weapon
delivery systems. Lack of provisions for dyi~amic ground testing results in expen-
sive and t ime consuming flight test verifications that will  never catch all of the
errors in the computer program. This is due in part to inadequacy of in-f l ight  instru-
mentation and inability to identify , intentionally enter and exactly reproduce conditions
In which subtle problems can occur. Th e result of incomplete software validation is
decreased operational capability and flight-crew confidence along with apparent
maintenance problem s within the operational commands.

The study was started with a thoroug h review of the F - i l l  hybrid simulation
previously performed by Autonetics . It was concluded from this review that substan-
tial documentation is available to support a fully digital simulation program and that
such a program is feasible.

The F- i l l  ‘problem book” was reviewed and the problems docume nt ed as of
1 July 1973 were organized by categories that indicated a need for dynamic verification
of problem solution for approximately 25 percent of the existing, identified p roblems.
Addit ionally, solutions of a majority of all of the identified problems will  r equire tape
revision (>80 percent for FB-lhlA) .

A baseline simulation concept was defined that was ultimately refined to the
hardware/softwar e configuration described in this report. This refinement was per-
formed with guidance from two primary areas: on-site partic ipation by Mr . Larry
Thompson of SMA MA , who provided insight into SMA MA ’s task and goals; and; visit
and consultation with personnel at Naval Weapons Center , Chi na Lake , Califo rni a,
who have a similar tape responsibilit y fo r the A-7 flig ht programs.
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5. SUPPORTING DOCUMENTATION

5.1 GENERAL

This section contains the detailed results of the study . These results consist of
the following information:

I. Definition of the hardware baseline recommendations. This baseline , with
associated software , is sufficient to allow the dynamic software test and
evaluation and can be expanded in hardware/ software mix and complexity as
desired to extend or modify the approach.

2. Conceptual definition of the software. The recommended software partition-
ing is defined with emphasis in detail placed on the Heal World Simulation
System (RWSS) and the Subsystem Simulation System (SSS).

Autonetics feels that these two software systems should receive primary
early development emphasis within bounds, limitations or ground rules of
the other systems.

3. A discussion of alternate discrete sensor approaches and variations In
intended use of the simulator.

4. Discussion of the trade-oils considered during the conceptual design and the
reasons for the choices selected.

5. Description of the recommended program (and magnitude costs) for attaining
the recommended simulation capability .

6. RatIon ale for extending the existing capability to include dynamic simul ation.

5.2 BASELINE APPR OACH -

The F—ill baseline simulation system was derived by examining four major
factors. These were (1) the requirement to rapidly reproduce and correct operational
flight program (OFP) problems (2) to maintain the integrity of the OFP during test and
evaluation , (3) to test, verify and evaluate all OFP’s collectively in a dyna mic environ-
ment short of flight testing, and (4) comparison of the aforementioned factors with
existing and/or post-simulation facilities. The factor which contributed most to the
baseline design approach was maintainin g the integrity of the OFP’s. This meant that
no contamination of any OFP would be allowed during test and verification. Hence ,
debugging aids such as data pumps , external synchronization , etc., were not to be
used. The no risk approach to achieve this goal Is described below.

5.2. 1 Hardware for the Baseline Simulation System

Figure 5-1 is a block diagram of the F-ill baseline simulation system. The
system can be characterized as being digital , modular, and under complete manual or
computer control at the operator ’s option. It is envisioned that two identical system
configurations will exist; one for the F—h iD and one for the FB- 111A/F-lllF. The
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only hardware that is unique for each system configuration is the simulator and switch-
ing unit.  However , ev en within  this unit there are functiona l modules which are iden-
tical for all F — i l l  systems. The paragraphs below describe each major hardware
item shown in Figure 5-1. In addition , the primary role within the simulation system
Is noted.

5. 2.1.1 Bus Interfaces

All hardware , connected to either simulation processor , is Interfaced via an
asynchronous high speed bus. All data transfer is initiated by the processor. The
maximum throughput of either bus is one mill ion (16-bit) words-per—second .

In addition , a link exists between the processors. This link provides for the
transfer of a single word or block of words over a direct memory access (DMA)
channel. The maximum throughput is 250 , 000 (16-bi t) words-per-second .

The above two interfaces are based on the PDP-l 1 family of computers. In
particular , they correspond to the UNIBUS data path and DMA UNIBU S link respectively .

5. 2.1.2 Switches

The bus switches shown are used to time-share a device between two processors.
Each switch is both software and manually controllable. The switch is based on the
PDP-Ih UNIBUS switch.

5. 2.1.3 Master Simulation Processor

The role of this processor is to act as the system supervisor (or test controller).
The majority of the man/machine interactions will be handled by this processor. Such
functions as interface switching, test setups , test operator commands and/or requests ,
and control of the other processor are handled herein. The processor selected is the
PDP-1l/45 with floating point capability.

5.2.1.4 Support Simulation Processor

The primary role of this processor is to execute the subsystem and air vehicle
digital models. The data interchang e required with the F—i l l  system under test is
with the simulator and switching unit. When dynamic (time vary ing inputs) simulation
is desired , control can be either from the master simulation processor or overriden
by the control stick and throttle interface as shown in Figure 5-1. The processor
selected Is the PDP-hl/45 with floating point capability .

5. 2. 1.5 Main Memory No. 1

This memory, associated with the master sImulation processor , will contain
48K (16—bit) words. The cycle time is 900 nanoseconds. The memory selected is the
PDP-h1/45 magnetic core memory.

5. 2. 1 • 6 Main Memory No. 2 •

This memory is associated with the support simulation processor. It will
contain 32K (16—bit ) word s with a cycle time of 450 nanoseconds (MOS Memory ) and
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16K (16-bit) words of core memory . This higher speed memory (from the core) is
required because of the large number of matrix,  transcendental and trigonometric
manipulations associated with the models. Further, m any calculations involve doubl e
precision floating point which require four memory accesses. Because of the expected
high duty cycle usag e (based on Auton etic~ hybrid simulator effort and data from the
A-? simulator system at the Naval Weapons Center , China Lake), the faster memory
Is Justified .

5.2. 1. 7 MaIn Memory No. 3

ThIs memory is Identical to Main Memory No. I except is contains only 16K
(16—bit) words. Its primary usage will be to enable interprocessor data transfers
over the DMA UNIBUS link. It will also store those software modules not directly
associated with model execution.

5.2.1.8 TypewrIter

This peripheral will be time-shared between the two simulation processors. Its
primary role Is to provide individual off-line computer control during system build-up
and Initial turn—on sequences. The device selected is the DEC writer data terminal.

5.2. 1.9 Operator Control Keyboard/Monitor

This device is the primary test operator Interface with the F-ill system under
test. Using software stored In the master simulation processor, the operator can
command and/or make requests to control the simulation system. Operator actions
include F-ill system mode control , data entry, display requests , key -in patch
corrections to the OFP and model/mission profile setups. All key board entries will
be recorded either on the line printer or the typewriter. When this device is opera-
tive, no other keyboard device can be used to initiate system control actions. The
specific unit selected is the DEC alphanumeric video display terminal . The CRT can
display up to 1440 characters simultaneously . Other features include direct character
addressability and display of video from a TV camera simultaneously with computer—
generated alpha-numeric data.

5. 2. 1.10 Test Support Monitor No. 1

This unit will be primarily used to control the sImulation of serial channel s to
the F—ill converter set. Up to three channels can be setup via this device. The
monitor Is a CRT which will display the data being transmitted over the serial channel.
Also Included would be the control bEts status and data addresses. The display of all
data variables will be In either engineering units or binary as requested by the opera-
tor. The unit selected Is Identical to the operator control keyboard/monitor described
prev iously. This monitor will be used as backup for the primary operator control
keyboard/monitor should the latter fall.

5. 2.1.11 Tes t Support Monitor No. 2

The primary role of this device is to monitor the parallel transfers among the
elements of the Digital Computer Complex (DCC). These data transfers occur at four
points as shown and discussed in para 5. 2. 1.14. MonitorIng at points 1 and 2 pro-
vides the capability to display all external data entering and leaving computer memory.
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It also provides the means to monitor I/o throug hput.. Points 3 and 4 wIll permit
monitoring the intercomputer data transfers. The same disp lay /keyboard options
exist as discussed for Test Support Monitor No. 1. This unit Is also a DEC alpha-
numeric video display terminal.

5.2.1.12 Line Printer

This peripheral will provide for large printouts of data , memory dumps, traces.
etc. It can also be used to record all operator interactive conversation with the PDP-
11/45 computers. The device selected is a medium speed (300 LP M) , 132 column ,
96 character printer or equivalent.

5.2.1.13 Disk Drive

This mass memory device will store all test modules to be executed in the
simulation processors. In addition , data associated with static and dynamic testing of
F—ill  systems is stored . The switch permits either simulation processor to access
the desk Individually. Further , the OFP’s for the GNC and WDC will be stored in this
device. Initial load s of the DCC will be controlledirom the operator control keyboard/
monitor after the simulation processors have been brought on-line. The device
selected Is a DEC moving head disk system. The capacity provided is 1. 2 million
(16—bit) words on a removable disk pack. It is primarily via the removable disk pack
that an FB—lllA test setup can be converted to an F— 111F setup.

The hardware descriptions thus far have been related to the PDP- 1 1 family and
associated peripherals. This hardware represents an Investment which can be used
for any system , not just F—ill .  While the complement of equipments is tailored to
fi t the early needs for an F-ill simulation system facility , the growth to accommo-
date a larger complex is inherent in the PD P-il design . This growth, unique to the
F—ill  systems, Is discussed later in this section .

The equipment to be described now relates specifically to the F-ill. They are
the “black boxes ” necessary to provide the Interfaces between the test control hard-
ware (PDP-ll family) and the F-ill system under test.

5.2. 1.14 1/0 Data Monitor Unit

The primary rol e of this unit is to monitor selected data sets being transferred
within the DCC. The interfaces to be monitored are shown In Figure 5-2. Interfaces 1
and 2 are externally controlled inputs (Ed ), i.e. , the converter set must initiate all
information transfers to/from the computers (the computers are IBM 4P 1 CP—2 digital
computers). Information transferred can be data or I/O instructions , the latter going
from the computer to the CS only. Computer memory accessible to the CS (and hence
the data moni tor) lie between addresses 2048 and 4095. To the CS, these addresses
correspond to 0 to 2047 , respectively. Based on the cur rent F—ill memory map
design , the I/O instructions (which are accessed by the CS for execution) are stored in
the lower end of the 2048 word block. The external I/O data are stored in the upper
portion.
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Figure 5-2. I/O Data Monitor Interfaces With DCC

The I/O data monitor unit will be designed to provide the following capabilities:

1. Monitor all words to/from any serial channel In a block

2. Monitor any sIngle word to/from any serial channel

3. Monitor any group of consecutively addressed nonserlal words

4. Monitor any single or paired nonserlal words (such as radar altitude or
sine/cosine pitch , respectively).

5. Monitor all I/O instructions for a particular rate group

6. Measure the I/O throughput for each rate group

To accommodate the worst case rate group, a 512 (17-bEt) word buffer would be pro-
vided In the data monitor unit.

Besides the monitor capability of interfaces 1 and 2 (FIgure 5-2),~ growth wIll be
provided to load parameters directly into the 2048 computer memory block or extract
data. That Is , this unit will be able to simulate the CS interface and init iate data
transfers with computer memory. This capability will enabl e the test operator to per-
form a tape verification test of the F-Ill  OFP resident in both IBM 4P 1 computers.
This collective testing of flight programs would add another measure of confidence to
the acceptability of the software.
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Interfaces 3 and 4 (Figure 5—2) will be monitored to enable the test operators to
verify proper intercomputer data transfers . These parallel channel s are Program
Controlled Outputs (PCO) , I. e . ,  all transfers are initiated by the sending computer.
The importance of monitoring this channel is related to the functional redundancy and
partitioning concept. For example, during a full operational configuration (a fullup
DCC), the target acquisition parameters used by the weapon delivery computer , origi-
nate in the GNC. They must be transferred from the GNC to the WDC. Such problems
as transport lag and intercomputer synchronization would be easier to identify and
resolve with this monitoring capability. The growth to simulate the PCO operation will
also be accommodated for interfaces 3 and 4. This will enable the test operator to
Insert variables directly into computer memory. However , this would be primarily a
debugging aid rather than an operational test and verification tool.

The specific operation of this unit will be under control of the test operator.
Test Support Monitor No. 2 will be the primar y interactive device. All data for dis-
play will be routed through the master simulation processor in order to generate the
proper format. The I/O data unit will be designed in a modular fashion to ensure
growth capability for data injection as well as ease of maintenance.

5.2. 1.15 Computer Monitor and Control Unit

Just as the I/O data monitor unit “listens ” to transfers external to the computer
(IBM 4PI), this unit enables the test operators to “listen ” to information transfers
Internal to the computers. its primary purpose is to assist in testing, checkout ,
optimization and measuring duty cycle and instruction mixes in real-time. The unit
will provide an interface with each IBM 4P 1 computer memory bus through the AGE
connectors. This interface enables the test facility to monitor all memory transfers
between the CPU and I/O. This capability would obviate the necessity to provide a
software data pump in either or both OFP’s.

This device has already been designed and built for a version of another IBM
4P1 computer , specifically the one used in the A—7 aircraft . However, the memory
bus structures are identical. The unit Is being used currentl y at the Naval Weapons
Center , China Lake. Some of the typical functions of this unit include (for each 4P 1
computer):

1. Display of the contents of any word in memory. The displayed information
would be updated each time the selected address contents was read from or
loaded into the memory cell.

2. Provide a breakpoin t register. Whenever the memory location specified in
the breakpoint , register is accessed , an Interrupt would cause computer
operation to halt. This action would also be used to control simulation/Vest
activity. This feature would also stop real-time clock counter operation so
that a restart could occur without major reinitializations .

3. Provide upper and lower limit registers. Whenever the memory location
being accessed is between the register limits , a signal can be generated.
Under operator control, the signal would cause a halt (similar to breakpoint),
Identify when a multiple loop has been entered , or find the execution time of
a loop.
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4. Perform a continuous trace function , The unit would store the last “n” data
and instruction addresses. An indicator to differentiate between the two
would be provided. Whenever a computer stoppage occurs , the trace would
provide the information to debug the cause of the error trap , malfunctionin g
loop or unexpected halt.

5. Allow single step instruction execution once the computer had been halted.
(Either automatically via breakpoint, etc. , or manually. )

6. Provide for miscellaneous aids such as determining (1) execution time of
any routine or segment thereof , and (2) instruction mixes, etc.

One of the most important uses of this interface unit will be to load the OFP’s
initially Into the 4P1 computers. In addition , the capability to load key-in patches and
dump memory onto the line printer is also facilitated by the unit. Further design
details of this unit can be found in Ref 8.

5.2.1.16 SImulator and Switching Unit

To test an F-ill system, there are two items in the baseline simulation that
must be unique. One Is the disk pack. The other is the simulator and switching unit.
This unit provide s the direct interface with the applicable F—ill converter set for all
simulated signal s computed in the support simulation processor (see Figure 5-3). In
addition, manually entered data for any serial channel transfer to the converter set
will also be routed through this unit.

The functions of this unit can be characterized by examining its interfaces.
There are four primary interfaces; DCC , nosebay mockup, control stick/throttle , and
support simulation processor. The DCC Interface will provide electrical compatibility
for all signals generated by any portion of the simulation system. These include dis-
crete inputs to both IBM 4P 1 computers , and discrete , serial and analog inputs to the
converter set. The mechanization of this interface must be such that whenever a
simulated signal is to be routed to the DCC , the actual signal originating within the
nosebay mockup must be switched out. This switching function if not accomplished by
physically unplugging the connector , will be handled in this unit. It Is noted that not
all sIgnals simulated by the simulation system will enter the DCC directly . Some ,
such as air vehicle pitch and roll, will be routed to the J—Box in the mockup . These
simulated signals would replace those normally coming from the attitude sensors
(such as the Inertial reference unit and auxilIary flight reference system). The spe-
cific subsystems whose signal interfaces must be accommodated by this unit are
identified in Figuz~e 5. 3.

The second interface of this unit is with the F-ill nosebay mockup exclusive of
the DCC. Any simulated signal must also have its actual counterpart routed into this
unIt for appropriate switching. An example would be the d.ippler radar. Since it
would be desirable to permit this radar to Interface in its normal manner with the
DCC , as well as be simulated, its interface must be routed through this simulator and
switching unit. The test operator would, as part of the test setup, make the appropri-
ate hookup (I.e. , actual or simulated). Also , as mentioned above, certain simulatt ~dsignals will be routed directly to the nosebay. For example , the Central Air Data
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Computer (CADC) will be simulated. This unit wo~~d provide outputs identical to those
of the actual CADC. Hence, they can be routed directly to the applicable hardware in
the nosebay mockup .

The Navigation Computer Unit (NCU ) is a digita l computer, not a part of the
DCC. It is dedicated to operate with the inertial reference unit (IIIU) and normally
receives a clock interrupt signal front the mU. Since the tHU will be simulated , this
clock sign al must be provided for ifl the design ol’ the simulator and switching unit.
The clock provides the system timing for the inertial computations be ing executed in
the NCU. The clock signal must provide for a 64/sec clock interrupt to the NCU
located in the nosebay . As a possible means to minimize the number of different clock
sources used by the various test and operational computers, it Is recommended that
this 64/sec clock sIgnal also drive both simulation processors.

The third function of the simulation and switching unit Is to accept inputs from a
simulated control stick and throttle. Provision is being made, vi a this interface , to
permit the test operator to “fly ” the digital air vehicle models manually in addition to
implementing canned mission profiles. h ence, ~nvt ime these hand grips are activated,
the air vehicle models will use them as an override. Reverting back to canned mis-
sion profiles will require positive test operator action via the control key board/monitor
device.

The final interface Is with the support simulation processor via the UNIBUS data
channel. All signal s destined for the F—il l  system under test will be transferred
over this bus. It is important to note that some simulated interface modules will be
common among the F-ill systems. For example, the tH U interface with the NCU is
Identical for all F-ill systems. Similarl y, the CADC interface is very nearl y the
same. Since both of these would be simulated in any test configuration for any system,
their hardware Interface modules should be desi gned to be compatible with any simu-
lator and switching unit. In order to provide commonality , tim e-sharing of hardware
circuits is not recommended for these modules. Also , by having identical hardwar e
Interfac e modules among the systems, the software control/test modules can also be
used in variou s systems.

5. 2. 2 Software for the F-ill Baseline Simulation System

The software to be developed and/or acquired for execution within the Baseline
Simulation System has been segmented into six categories. These are:

1. ExecutIve Operating System (EOS)

2. Man/MachIne Interactive System (MMIS)

3. Subsystem Simulation System (SSS)

4. Real World Simulation System (RWSS)

5. Peripheral Device Handlers (PDH)

6. Data Base Management System (DBMS)

5— 10
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The partitioning of these software packages into the three primary simulation system
hardware items is shown In Figure 5-4 . Each software package is described below.

5. 2. 2.1 Executive Operating Sys tem (E OS)

This software will be a modified version of DEC real time system executive
~RSX—llD). The primary functions are:

I. PDP turn-on init ialization

2. Muiti-PDP handshaking

3. Scheduling of test/simulation modules

4. PDP simulation system test

5. Real Time Control and monitoring

6. System I/O control -

It is envisioned that the majority of test/ simulation software m odules will be resident
In main memory . These modules are loaded initially from disk storage. The emphasis

MASTER SIMULATION P ROCESSOR SUPPORT SIMUL ATION PROCESSOR

1. EXECUTIVE OP ERATING SYSTEM
I.  EX ECUTIVE OPERATING SYSTEM

2. SUBSYSTEM SIMULATION SYSTEM
2 . MAN/MACHINE INTERA CTIVE SYSTEM ____

3. REAL WORLD SIMULATION SYSTEM
3 . P ER IPHERA L DEVICE HANDLERS

4. P ERIPHERA L DEVICE HANDLERS
4. LOCAL DATA BASE

5. LOCALDATA BASE

I 1
DISK DR iVE (SHARED)

1. TEST SOFTWARE MODULES

2. F - i l l  Oil’ SOFTWARE

3. G LO BAL SIMULATI ON DATA BASE

Figure 5-4 . Software Part itioning for the Baseline Simulation System
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is to minimize roll in/roll out of modules. This uses processor duty cycle which Is at
a prem ium. However, due to resid ent memory capacity, certain modules , such as
periodic status repor t generators . background-type modules, and other nonrea l time
task8, will of necessity be stored on the disk. It is the responsibility of the EUS sof t-
ware to control this interchange in order to have optimum duty cycle utilization for
test module execution.

5.2. 2.1.1 PDP Turn-on Initialization. This function will react to primary
- power application. Its primary purpose is to orderly transition the processor s to a

predictable state in order to initiate additional EOS functions. As a minimum , a gross
hardware self test will be conducted. Passage of this gross test will ensure the oper-
ator that the turn-on sequence is proceeding normally.

5. 2. 2.1. 2 Multi—PDP Handshaking . This function determines the availability of
other PDP processors which must be coordinated and brought on line. The baseline
approach will be to designate one PDP as the Master Simulation Processor with the
other PDP providing support. The specific support would be established by the Master
as directed by test operator. The multl-PDP status will be provided to the operator.
There will be no automatic reconfiguration performed in the event of primary PDP
system hardware failures. Some form of multi-PDP clock synchronization may be
required In order to obtain repeatable and coordinated test results.

5. 2. 2. 1. 3 Scheduling of Test/Simulation Modules. The scheduling algorithm
will be simple in order to minimize executive overhead . Hence, it is recommended
that all modules be permanently scheduled within their particular rate group. Further ,
to allow for multiple contractors to generate specific test modules , a standardized
Interface would be established between the schedules and the modules themselves. This
approach also provides a flexible structure for future changes , additions , and/or
deletions.

It Es envisioned that all real—time test modules will be resident in main memory
at all times. Addit ional , test modules would be brought in from bulk storage as dic-
tated by the test operator and/or EOS. A major concern is the duty cycle to be used
for each of the test modules. Hence , as part of the standardized interface , provis ion
will be made to measure the duty cycle of each test module whenever executed.

5.2. 2.1.4 PDP Simulation System Test. This function will continuously monitor
the performance of the test system (hardware and software). Discrepancies will be
reported to the test operator. The sole purpose of this function is to assure the opera-
tor that the test setup Is operating properly. This will enabl e him to concentrate his
efforts on the system/problem being evaluated . If, for some reason , either test pro— ‘

cessor or the disk file fall , the simulation system will be shutdown and require
operator action.

5.2. 2.1.5 Real Time Control and Monitoring . This function is the main
“driver ” of the EOS. The test modules will be scheduled in various rate groups. The
specific rate group will be derived from the clock interrupts. These will be controlled
either by the internal PDP clock mechanization under software management , or from
an external source. The external source could be a centralized test system clock. A
viable candidate would be the same clock which drives the NCU . Since the Inertial
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platform will be simulated , a clock, which normally is furnished to the NCU by the
platform , must be mechanized. T~mis clock will be provided in the Simula t ion  and
Switching Unit.

5.2. 2.1.6 System I/O Control. All I/O Including that among the test processors ,
test interactive devices , bulk storage , F- i l l  interface units ,  etc. will  be handled by
this function. The control ~vi1l be parti t ioned such that I/O signals related to the F— I 11
system under test will be sep~trat ed from test hardware—oriented signals. The pro-
grams for I/O operation will reside in each applicable PDP processor. Activation of
any one segment of the I/O program will be initiated by the real time control and
monitoring function.

5.2. 2. 2 Man/machine Interactive System (MMIS)

This software interprets the test operator ’s commands/requests and takes the
appropriate action(s). For the baseline simulation system, the primary functions
Included herein are:

I. Data/Command entry and disposition

2. Dat a/Status formatti ng and displ ay

3. Test setup and configuration control

4. OFP Verificat ion and Validation

This software package will provide the operators with the tools to communicate
with the F-ill system under test in order to control its operation. With this inter-
act ion , the operators can configure the test setup to reproduce a flight program
problem, Inser t corrections to enable him to assess the problem solution , and vei ify
fligh t program operation either in a segmented or full operational environment. The
operation of the Computer Monitor and Control Unit , and the I/O l)ata ~vlonito r Uni t
are controlled by the software comprising this package. Any comparisons between
pre—calculated results and actual values will be handled by the software modules of
this package.

5. 2. 2.2. 1 Data/Command Entry and Disposition. During the testing of an F-I l l
system, all manually-entered data and/or command s destined for the system under
test will be first interpreted by this function. Procedure/format errors will be
assessed. Once the inputs have been processed , dissemination of the results will take
place. Hard copy recording will take place if appropriate. In most cases , the results
will be sent to the applicable data blocks. From here , other test modules and/or the
I/O control function will use/distribute the data. The specific interactive devices with
which this function will interface are the operator control keyboard/monitor and both
test support monitors. 

-

5.2. 2.2.2 Data/Status Formatting and Display . The purpose of this function
will be to primarily present to the test operator , data and/or status of the current test
In progress. This information will be formatted according to the desires of the oper-
ator and stored in the data base for display and/or hard copy recording.
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5.2. 2.2. 3 Test Setup and Confi :~ura t ion  Control. It would be desirable for the
operator to conf igure the test setup from the i : ,t craetlve devices. This would include
establishing hardware linkages and software module linkages. Further , the setup
should be stored and/or recorded for future use and/or retest setup.

In addition , all operator actions , especially those affecting the F— I I I system
under test (e. g. , insertion of patch key-ins , in i t ia l iza t ion  data for a specific test , etc. )
would be recorded. The sequence of these actions can. then be used to retrace the
operator ’s steps should it be necessary to repeat tests or debug a problem. This
function would maintain a log of the test setups. Some of these setups would be pre—
canned and established for spec ific kinds of tests and/or validations. Others would be
determined by the operator during the course of a particular activity . He has the
option of saving this setup for future callup . The software associated with this function
would maintain these test setup configurations. Upon operator request , a “menu ” of
the various test setup options would be presented on the CRT. The operator could then
select the setup desired and the test system would establish this configuration auto-
matically. If manual operations are necessary (such as entering data or connecting
different equipments), these would be displayed to the operator.

5.2.2.2.4 OFP Verification and Validation. Because of tho importance of the
SITS capabilities related with this function , Para 5. 2.4 Is entirely allocated for its
description.

5.2. 2. 3 Subsystem Simulation System (SSS)

This software package consists of modules which , when executed , simulate the
functional op~ration of the applicable F-Il l  subsystems. Both MKII and non MKII
subsystems will be simulated. There are two types of subsystem simulation modules.
These are:

1. StatIc subsystem interface simulation

2. Functional subsystem simulation 
-

Since the current F—ill  ITE provides a good deal of static interface capabil ity,
the main emphasis will be to develop the functional subsystem models. These models
wOuld be executed In the Support Simulation Processor as shown in Figure 5-4.
However , based on the subsystems to be simulated in the baseline system, certain
static interface capability will result as a natural fallout.

5. 2. 2. 3. 1 Static Subsystem Interface Simulation. The primary purpose of this
software is to simulate the actual “serial” Interface from a subsystem to the Converter
Set (CS). For example, if the Doppler radar normally transmits three serial words in
a cyclic pattern , there would be a simulation of this interface. The capability to
change the words individually and/or collectively by the operator will be accommodated .
In addition , the ability to setup the nondata bits ( i .e . ,  control, validity, and parity)
will also be provided.

In addition to simulating serial Interfaces , the ability to simulate analog Inter-
faces will be required. For example , It Is envisioned that the Analog Air Data
Computer would be modeled In the test processors. Hence , it Is feasible to setup the
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output of the model to some static configuration for the purpose of testir.g the F-il l
system. This would duplicate the capability of the current ITE , that requires a nu in—
ber of “pots ” to be setup to achieve the same effect.

The software modules would either store pre-canned values for output or accept
manual changes from the operator. These modules would be overriden whenever a
functional subsystem simulation was activated by the operator.

5. 2. 2. 3. 2 Functional Subsystem Simulation. This package of softwar e modules
will be initially stored in disk storage. According to the test setup , the applicable
modules will be brought into resident memory. They will be executed at the rate
required to simulate subsystem functional perfcrmance. Each subsystem will be
examined separately to determine the best means for simulation. The major distinc-
tion is that the models represent subsystem functional performance as opposed to
hardware design . As the dynamic model computes the variables kr output , the capa-
bility to control certain nondata bits (especially parity and val idi ty ) from the inter-
active devices would be desirable. Noise transients and/or hardware faults could then
be introduced by the operator and/or at pre-canned events. The subsystem models
will be capable of either open loop or closed loop opera4on as required by the test
setup.

The functional requirements of the Individual models are defined from the
interface level. In all cases, the model s perform two tasks. First, they transform
the reference data into the coord inate system that is consistent with the actual sensors.
Second, as an operator option , inputs such as bias and scalefactor errors , plus r an-
dom noise , can be added to the input flow. The signal interface of each model is
shown In Figures 5—5 throug h 5-13. The signal type (i.e., analog, serial digital , and
discrete) are noted along with the differences between the FB-li l ,  F-I11F and F-h ID.
The figures show the signals going directly to the converter set, NCU or the J-BOX .
This is simplified to show the destination within the central computer complex.
Actually , the data will be collected in local data bases and sent to a main buffer in the
Simulation and Switching Unit (SAS). From there it is sent to the corresponding model
buffers. Up to this point all the information is digital .. From these buffers , it is
converted to the required signal type and sent to the avionics hardware. Similarly ,
the data flow from the converter set to the models is not a direct path. The loop is
closed through the SAS and real world simu lation system. During open loop operation ,
these data would be monitored to verify OFP computations but would not be fed back
through the system. MK II converter set areas I, II , and III are also noted in the
figures. Area I corresponds to the analog input and serial input/output for the GNC .
Area III is the same for the WDC and Area II corresponds to analog output from the
DCC.

5. 2. 2.4 Re al World Simulation System (RWSS)

The purpose of this software is to generate output signals for the SSS and M?~.11S
software as show n in Figure 5— 14. From these signals, the SSS will simulate the
required IsIK 11 and non-MK Ii subsystems identified elsewhere in this report. Also
the MM 1S will ut i l ize these signals as reference data to monitor and verify the F- I l l
Avionics performance. Hence, the RWSS generated output signals will represent the
real (or true) dynamic state and environment of the F-ill aircraft .
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Figure 5-6. DRS Model Signal interface

The generation of the RWSS output signals will be accomplished with the four
softwar e models: -

1. F-ill Automatic Flight Control System (AFCS) Model ,

2. F—ill Aircraft Dynamics Model ,

3. Earth Model , and

4. Atmosphere Model.

FIgure 5-14 shows a general block diagram of the four RWSS software models
Interfac ing with (I )  the SSS software, (2) the MMIS software , (3) the hardware tie—in
with the F-ill  Nosebay Mockup, and (4) the man shown within the F-i l l  Nosebay
Mockup for man-in-the-loo p simulations and tests.

The total and detailed functional capabilities of the baseline IIWSS from the
standpoint of the interface shown in Figure 5-14 and others , which are omitted for
brevity, will be defined. This definition will be performed to the extent that no major
changes will be necessary to the baseline BWSS during the development of the ultimate
RWSS.
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FIgure 5-7. CADC Model Signal Interface
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FIgure 5-8. Flux Valve Model Signal Interface
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FIgure 5-9. AFRS Model Signal Interfac e
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The following paragraphs describe the f l W S S  as envisioned to be implemented in
terms of its significan t funct ional  capabilities , basic input and output signals ,  the the
recommended H\V SS software models. Untèss otherwise stated , the descript ions COfl—
ta m ed in the following paragraphs apply to both the baseline and ul t imate  liWSS.

5. 2. 2. 4 .1 Significant Functional  Capabili t ies.  The HWSS software w ill provide
the means to simulate the complete Al-’CS and the six degrees-of-freedom aircraft
dynamics of the F - i l l  aircraft .  The RWSS output signals wil l  provide true informa-
tion related to the dynamic state and environment of the F— i l  1 a i rc ra f t  relative to the
Earth. Tl~ accuracy level of this information will be least for the baseline and will
Increase to the maximum possible upon development of the ultimate HWSS software.

The baseline RWSS will be structured and implemented such that it will facilitate
the selection of various complexities of the F-I l l  AFCS and Aircraft Dynamics models.
This selection will be requested by th e test operator via the MMIS software at the
beginning of each simulation or test. Simple models are suggested to be implemented
for the baseline HWSS for two reasons , i.e. , ( 1 )  they will be the most often used
models and will be adequate for most use , and (2) they require the least effort and time
to Implement , with neg ligible risk , and will be required for most of the early simula-
tion use.

Both reasons are quite valid since general simulations and tests will be per-
formed much sooner and more often than detailed ones. From the experiences at
Autonetics and at the Naval Weapon Center , this is the case because simple models
are easier to set up via the MMLS , require less computer time and the resulting data
are easier to interpret. Also, the resulting data will be adequately accurate for most
simulations and tests envisioned.

The following paragrap hs del ineate the functional capabilities of each of the four
RWSS systems.

5. 2 .2.4.1.1 F — I l l  Automat~~ Fligh t Control System (AFCS) and Aircraf t
Dynamics Model s. The F—I I I AFCS augments the fl ig ht stability of the F-I I I  aircraft
throughout its flight regime. It directs  the aircraft  according to the automatic steering
and manual commands by mean s of appropriate control surface deflections. The steer-
ing commands are provided by the MK II and non-MK II avionics equipment for various
steering modes. The nppropriate control surface deflections are derived by the A FCS
for optimum pilot comfort such as coordinated turns for lateral maneuvers.

The baseline F-Ill  Aircraft Dynamics Model will consist of a point mass six
degrees-of—freedom (GDOF) model. That is, details related with the aerodynamic
lift , drag, and side forces and the external aerod ynamic roll , pitch , and yaw moments
will not be simulated. The purpose of this model wi ll  be primari ly to simulat e the
trajectory of a point mass with the body rates controlled proportionally by either the
automatic steering or manual commands from the mockup. The baseline F-I l l  AFCS
Model will simulate coordinated turns whenever lateral maneuvers are requ ired.

The subsequent models of the F- I l l  AFCS and Aircraf t  Dynamics lead ing to the
ultimate BWSS softwar e are recommend ed to be as follows:

The ultimate RWSS software will contain two AFCS models, i.e. , (1) the base-
line model and (2) the full—blow n model par t ia l ly  documented in i~ef I in terms of
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Laplace transform block diagrams. This documentat ion covers the F— i l IA aircraft
instead of the specific a ircraf t  of interest  (FB—J 11 , F — I l  11) , and F — i l l  F), however
those , too, should be available to SMA MA . n b c  ul t imate 1IWSS software will contain
four aircraft dynamics  models , i.e. , ( I )  the basel ine point mass GDOF , (2) the canned
trajectory similar  to that  implemented in the Autonet ics F— ] i i  Tape Verificat ion Tests
(TVT), (3) the 6 l)OF with  l inear iz cd aerodynamics coefficients about specified nominal
fl ight conditions , and (4) the full-blown 6DOF with aerodynamic coefficient function
generations covering the entire flight regime of the aircraft of interest.

The purpose of the baseline point mass 6DOF aircraft dynamics model Is for
simplicity in frequently used test cases in which extreme accuracy of dynamic simul a-
tion Is not required as explained previously.

The purpose of the canned trajectory model version is to generate exact aircraft
trajectory profiles which will be repeatable bit—by—bit  from one identical run to
another. Such repeatabl e exact trajectory profiles will be useful for detail NCU , GNC ,
and WDC software checkout,

The purpose of the linearized 6DOF model is to study weapon delivery or other
flight sensitive problems such as ILS and AILi~. steering modes about a nominal con’Ji-
tion. This model will be useful to check out the basic 6DOF aircraft dynamics model
against the solution of hand-performed analyses which are basically linear In order to
be soluble.

The purpose of the full-blown 6DOF’ model Es to study the entire F-ill  weapon
system in order to investigate detailed problems which may be encountered throughout
a wide flight regime of the aircraf t . Simulations of long mission t ime with large
dynamics range concerned with minute details of the aircraft  dynamics , such as stall
conditions , will require such model. Ref 4 documents the full blown 61)OF equations
of motion of a generalized aircraft . These equations , with minor modifications ,
together with data associated with the F-il l  aerodynamics coefficients and engine
characteristics represent the full—blown 6DOF Aircraft  Dynamics Model.

Since the ultimate SITS will be utilized for simulations and tests to the finest
detail , it is recommended that dat a related with the AFCS and aerodynamics for the
specific aircraft (FB-lll , F— h iD, and F— 1I1F) be obtained and used in the ultimate
RWSS software.

5.2. 2.4. 1.2 Earth and Atmosphere Models. The Earth and Atmosphere models
will be as documented in Ref 3 with some modificat ions related with the navigation
mechanization coordinate system. In the F- i l l  project, the wander angle navigation
mechanization coordinate system is used and implemented for world wide navigation
purposes. Ref 3 uses the north oriented navigation mechanization coordinate system
and is written with singularities at the Earth poles.

The Earth Model will be an oblate spheroid which rotates about its pol ar axis.
The constants of this model will be as documented In Ref 7 In order to be consistent
with the NC IJ , GNC , and WDC OFP’s.

The Atmosphere Model will be as documented In Ref 3. The China Lake area
wind prof iles will be used until wind profiles of a different area of Interest are ident i—
fled and available.
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5. 2.2.4.2 Irp~t/~~ tput Interfac e . This section lists  the pr imary input and
output signals of tTi fls,~~~ software . IXf ini t ion of the total and detailed interface will
be required during the development of the baseline BWSS. n l h .s definit ion will be such
that no major changes will be necessary to the baseline RWSS during the development
of the ult imate R WSS.

it is to be noted that  this section lists the primary signals from the functional
point—of—vie w . The detailed characteristics of the signals such as typ e of signal,
update signal, etc. , are not pertinent for the overall context of this report. However ,
the detailed intcrfaces used in the Autonet ics F— I 13 Hybrid Simulation efforts are
documented in Ref 1 and 6. Therefore , these references can be utilized as guidel ines
during the developm ent of the baseline RWSS.

Also, signals related with the software functions performed by the EOS and PDH
are Intentionally omitted since the sn’s simulation and test functions are of prime
interest at this time rather than the simulation control software operation.

5. 2. 2.4.2. 1 Input Signals. The primary input signals are from the MMIS and
SSS software and the mockup hardware tie-in as shown in Figure 5-14,

These signals together with comments are listed below:

1. MM IS Software Inputs

Simulation Configuration Options

a. AFCS Model Options

(1) SImple model to simulate coordinated turns , to be developed for
baseline RWSS.

(2) Full-blown model simulat ing adaptive gain s, nonlinearitles ,
redundancies, etc.

(3) F—ill afr~r a.ft option to select the appropriate AFCS character-
(atics unique to the FB- ’hhl ,  F~ i11D, or F— 1I1F aircraft .

b. Aircraft Dynamics Options

(1) Point mass 6DOF to simulate navigation and other functions which
are Insensitive to detail aerodynamic characteristics , to be devel-
oped for the baseline RWSS.

(2) Canned 6DOF maneuvers for exact aircraft trajectories such as
exactLy +45 deg (rather than +45. 01 deg) initia l heading for a Great
Circle Course. This option will be useful for detail bit-by-bit OFP
checkout against scientific computer solutions which are easily
generated under such exact trajectory conditions.
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(3) Linearized 61)01 with aerodynamics coefficients l inearized about
a nominal  point condition. This option wi l l  be useful  to investigate
detail a i rcraft  charac ter i s t ics  such as stabil i ty dur ing  ILS/AILA
Navigation Steering mod e about a nominal condition of interest only.

(4) Nominal point  condition for the preceding option (Mach number,
altitude, win g sweep, etc .).

(5) Full blown 61)01 to simulate the entire flight regime of the
specific F-il l  aircraft .

(6) F—i l l  aircraft option to select the appropriate aerodynamics
coefficients unique to the FB-lll , F-h ID , or F-111F aircraft.

Initial Conditions

a. True aircraft position and velocity

b. True aircraft heading , pitch , and roll Euler angles and body angular
rates.

2. SSS Software Inputs

Initial Conditions

a. True platform wander angle.

AFCS Non-IsiK H Avionics Feedback Signals

a. Normal and Lateral Accelerometer inputs.

b. Yaw, Pitch, and Roll Hate Gyro Inputs.

c. CADC Inputs.

d. AFR S Magnetic Heading.

3. F-ill Nosebay Mockup Hardware Inputs

A F CS Related Signals

a. AFCS Auto/Manual Override Command .

b. Attitude Good Discrete,

c. J-BOX Pitch and Roll Attitudes.

5. 2. 2.4 .2. 2 Output Signals. The output signals are those generated for the SSS
and MMIS software, it is to be noted that all of those output signals represent the real
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or true dynamic state and envi ronment  of the F— I I I  a i rcraf t .  The following lists are
not by no means complete , how ever ,  the prini a rv ones and those with  which the base —
line RWSS will be concerned are Ii ~ ted :

I. F—I ll Aircraft Dynami cs  Model Outputs

a. True normal and lateral acceleration.

b. True yaw, pitch, and roll body angular rates.

c. True angle of attack and side slip angles.

d. True yaw , pitch , and roll Euler angles.

e. True airspeed.

2. Earth Model Outputs

a. True Latitude, Longitude , and Wander Angle,

b. True platform components of velocity.

c. True groundspeed , groundtrack , and drift angle.

d. True heading relative to true north.

e. True altitude and radii.

f. True gravity and Coriolis acceleration components.

g. True windspeed and wind direction.

h. True magnetic heading.

I. True magnetic variation.

j. True temperature, pressure, air density, and speed of sound .

5. 2. 2. 5 Peripheral Device Handlers

This package consists of the standard PDP-famlly of peripheral handlers.
Included are (1) disk drive , (2) typewriter, (3) line printer, (4) keyboards, and (5) CHT
monitors. It may be advantageous to merge some of these handlers with the modules
of the MMIS.

5.2.2.6 Data Base Management System

The F—Ill baseline simulation system dat a base comprises the global data blocks
(on the disk dUe), and the local data blocks (in each simulation processor) . The local
data blocks will be partitioned such that Individual modules hav e their  own dedicated
areas. All data which must be routed among the modules and external to the
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processors will be serviced by common and 1/0 data blocks respectivel y. This
partitioning will  aid in mai ntaining the desired software modular ity objective.

5.2. 3 Growth Capability of the Baseline Simulation System

The baseline system proposed offers many way s to incorporate growth. For
example, the UNIB US m e enan iza t ion  a i J ows many more peripherals to be connected to
the processor as 1~:ture requirements dictate  a need. Such items as magnetic tape
recorders, additional CHT monitors,  more mass memory, etc. can be added directly .
Further , the P 1W-i 1/ 45 can be interconnected with other PDP ’s to form different
architectures including multiprocessors and multicomputers with shared memory.
The UNIBUS concept also permits each interface , at the Simulator and Switching UuLt,
to have a unique control address. This flexibility provides an additional modularity
level for growth. The only restriction on the number of devices connected to the
UNIBU S is throughput. The maximum transfer rate, based on the memory selected ,
is In excess of I million (16-bit) words-per-second.

From a software viewpoint , there are three factors which contribute most to
growth. These are (1) function partition ing to promote modularity, (2) standard
executive Interface with test modules and (3) use of a common programming langu age
(such as FORTRAN). Furthermore, the DEC executive real-time system has the
option to interleave batch jobs if desired . One possible use would be to assemble
corrections to the F-lu OFP while testing was proceeding. Updates could then be
made directly to the OFP modules stored on the disk file.

It Is des irable, from a cost viewpoint, to purchase the PDP-ll/45 peripherals
anticipated for later phases during the Initial order. Hence, three additional periph-
erals are defined for inclusion. Peripheral handlers will also be furnished. However ,
application software to interface with these handlers will not be generated until Phase 2.

1. Two 800 bpi, 9 track magnetic tape units (includes controller)

2. One 300 1pm card reader

3. One paper tape reader/punch

5.2.4 OFP Verification and Validation (V and V)

The baseline SITS hardware as described in Para 5. 2. 1 with adequate memory
and appropriate software will allow the performance of the OFP verification and vail-
datlon (V and V) function autonomously and with a high degree of automation. That is ,
once the ultimate SITS software Is developed, it is envisioned that such function will be
performed without the aid of scientific computers and with a minimum of manual oper-
ations. Thus, the degree of completeness and efficiency in performing this function
with the sits w ill be much greater than those which can be achieved with the ITE and
TVT combined.

The related software that will allow the OFP V and V capabilities as envisioned
to be Implemented In the ultimate MMIS software Is described In the following para-
graphs. Those portions of the baseline MMIS are Identified In the description.

5—28

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ .. 



The primary objectives of the OFP V and V function are: (1) to verify the OFP
coding (and other “debugging ” goals) re lati~ e to the program requirements  and , (2) to
validate the OFP related avionics s stem p erformance r e la t ive  to the avion ics  system
specification or other “performance requirement” documents. These objectives or
primary capabilities wil l  be implemented through optimal combination s of on-line and
off-line processing within the available srr s memory and processing duty cycle.
Primary source of data for satisfaction of objective (1) above is the CMA C with the
10DM unit as the primary data source for objective (2).

The primary task of the on-line processing wil l  be to retrieve designated data
for the off-line processing. The retrieved data will require some processing, pri-
marily to reduce the amount of data to be stored in the Disk File. The major portion
of the software which performs the OFP V and V function will be for the oil-line
processing of the retrieved data.

Some of the major tasks which the off-line processing will perform related to
the OFP coding verification and performance validations are:

5. 2.4. 1 Air—to-Ground Weapon Delivery Evaluation .

As part of the OFP performance validation , this task will be performed based
upon the retrieved instantaneous true condition (from the RWSS) at weapon release.
By means of much more complex ballistic computations than those implemented in the
OFP , the CEP of the weapon delivery to the designated target will be determined.
These computations will also include separation effects and wind profiles to a degree
of accuracy higher than that implemented in the OFP.

5. 2.4. 2 Generation of Reference Solutions for the OFP Coding Verification

The extent of this task will of course be dependent upon the extent of the OFP
coding verification desired. That is the total OFP coding verification will require
generation of the total reference solutions. These reference solutions can only be
generated by implementing the total OFP program requirements within the ’ SITS
processors in FORTRAN IV language.

Such extent of OFP cod ing verification will be useful during the OFP optimization
efforts which is apparantly evident. Since bit-by-bit comparison between the retrieved
data and the corresponding reference solutions are of interest to detect coding errors ,
static test problems similar to those generated during the F13-1ll and F-IllD OFP
developments at Autonetics will be required. Such test problems will be required for
the generations of variable parameters as well as discrete information such as the
state of a “flag”. Initially, the application of the OFP coding verification capability of
the SITS can be oriented at verifying only those OFP codings associated with the
Implementation of flight tape problem solutions into the OFP.

5. 2.4. 3 Automatic Test Sequencing for the OFP Coding Verification,

This task will be intimately associated Para 5. 2. 4. 2. The purpose of this task
is to automate the entire sequence of the OFP coding vertfication once initiated by the
test operator. The pre-determined sequence will consist of: (1) SITS and DCC set-up
for a static test problem, (2) Initiation of the on-line processing for the data retrieval
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of the static test results , (3) in i t ia t ion  of the off-l ine processing to perform the task of
Para 5. 2. 4. 2, and (3) coding error evaluation based upon a prestored criterion for the
specified test.

5. 2.4.4 Memory Tracing of Executed Instructions.

This task, in conjunction w ith the corresponding on-line processing, will process
the retrieved data and will m a p  the entire memory of the DCC under test , i.e. , the
GNC or WDC. ‘l’his memory map will  be formr ~tted and output on the Line Printer in
a matrix of appropriate dimension (e?g., 2~ by 2~ ). Each element of that matrix will
correspond to a specific memory location of the DCC computer under test. An element
with a zero will indicate a memory location which was not accessed by the CPU of the
DCC computer under test.

Therefore , for a specific test mode, the resulting memory map will show all of
the instructions executed at least once during that test as well as the handled variables.
The handled variables can be eliminated from this matrix with appropriate decisions
based upon the instruction/variable OFP architecture knowledge that can be stored in
the software associated with this task.

The usage of the resulting memory map matrix will  be in detecting unexecuted
instructions for all possible system modes which are possible to be configured by
Inputs to the DCC computer under test. The existance of unexecuted instructions will ,
In general, Indicate Invalid program requirements or mis-coding.

5. 2.4. 5 Data Reduction .for OFP Performance Validation.

This task will process and reduce the retrieved data in appropriate and
predetermined formats for the purpose of OFP performance validation . For example ,
related to navigation performance validation, this task will determine the time BMS
errors of radial velocity, attitude, and heading; the maximum CEP rate; and the CEP
rate as a result of a least square I It to a straIght line of the time history of CEP.

The software development to accomplish all of the above five major task will not
be considered for the baseline MMLS because of the time and effort required for the
development of such software. However, the baseline MMIS will contain the on-line
and off-line processing software to perform the navigation-related OFP performance
validation as described briefly in Para 5.2.4.5.
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5.3 ALTERNATE USES 01-’ S I M t T I . ATOII

The baseline s imula t ion  cap : ih i I i t ~ desc r i l , .’d p r u v m u u ~ I v  ~l l u wa  the sy stem
software to be exer cised in r e a l — t i  i t t . It also p m ’  - s  !~ i ’ v p a l i t l I t ~ ~o grow , in
sophistication of s imu l a t i o n ,  or in ov~ r a i l  p i ( Ut 1 ( J f l ,  ~~5 net ’ds ( ‘VOIVC .
Par. 5. 5 i( Ient!I ics the growth e -li ’  me ut s i~~ t .‘. t rt d t he Lasel  In c capabi l i ty .
These growth phases incorporat e  ( -xpa n ( k ( I  ( t I P  e ~a i u a t i o I )  t e chniques  in  an orderly
manner.

Alte r nates to the approach discussed in o th er  sections consist of variations in
primary use of the simulation f a c i l i t y  and possibk’ var ia t ions  in il ight hardware
simulation.

5. 3. 1 Flight Hardware Simulation — Attack Radar Set (Ails)

Inclusion of the ARS as an operating clement can be accommodated to various
degrees, depending on user desires. Thc A N/APQ — 130 radar  in the F-h iD contains
digital, software influencing syst em interfaces not previousl y attempted with airborne
radar. Therefore, some degree of airborne hardware use would be justified later in
the program.

At the end of the spectrum opposite complete s imulat ion would be the use of an
anechoic chamber with a positionable and otherwise controllable radio frequency
target. This approach would not seem reasonable except when end-to-end checkout
of the Air-to— Ground (A/G) modes is necessary. In the event that  thi s becomes
necessary, the only way to thoroughl y verif y the modes is by making dynamic  use of
the radar set. In lieu of thi s approach, Autonetics would recommend that fina l A/G
mode verification be reserved for flight test.

A more reasonable alternate to be considered would use the radar as an operating
element except that RF radiation would not be implemented. This conf igura t ion  would
exercise all of the normal ARS/System int erfaces and would si m ulate a target only.
The simulator would calculate range-to-checkpoint (from present position/checkpoint
position information)  and angle—to-checkpoint. Thi s information, with ~\R S antenna
position, would be used to trigger and gate a radar target generator (video pulse
generator included in baseline simulation approach) and provide a dynamic ground map
target that could be used for navigation position update. The simulated target could be
inserted directly into the Integrated Display Set (IDS) where it would be combined with
radar generated range marks and cursors. -‘I

During the APQ-130 development and system integration, techniques and special
test equipment were used to provide a remote target for the radar. This approach
used a pickoff from the Master Frequency Generator (MFG) that was amplified , routed
through waveguide to a tower-mounted horn. This RF energy was then radiated back
to the radar, providing a targe t that was controllable in range , but not in azimuth or
elevation without actual physical motion of either the AilS or the tower-mounted horn.

During the study, the possibility of remotely monitoring the system displays was
considered. The only approach that could be take n with the F-h iD head-up display
would be to mount a camera at the pilot ’s normal eye position. The curved combiner
Is actually the collimating lens and thus can not be monitored from the rear or above .
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This should not be a problem with  the Optical l) isp lay Sight in F— 11IF.  The
Multisensor Display could be remote ly mon itor ed by replaci ng the exis t ing  display
camera wi th  a television camera and a sui table  lens adapter .  Dur ir g  system develop—
ment , a collimated 1i~ h~ source was used for  projection onto the combi ner of the
head—up display for accuracy and stabili ty checks. This source is assumed to he
avai lable at SM.AMA to he used accordingly.

5. 3. 2 Ex tensions of Inte nded Use

During the period that the simulator would be available there are a nu mber of
potential uses beyond the initial software checkout application.

A possibly very important use would/will be as a training device for  Air Force
software engi neers. As more use is made of programmable ai rborne computers, the
need for these engineers ~ ill become acute throughout  the Air Force. Training that
could be accomplished using the critically programmed F—il l  computers in con-
junction with the dynamic simulator as a tool will provide an excellent base of
experience .

Essentially every aircraft in the inventory has experienced a changing role
and/or mission through its service life. As this happens wi th  the F- i l l , the simu-
lator would become an invaluable too l in evaluating the capabil i ty to perform extended
or modified mission roles. In this same vein, changing roles would l ikely be
accompanied by airborne avionics hardware replacement or substantial revision.
These changes can be quantitatively evaluated, prior to incorporation, ra ther  easily
using an existing dynamic simulator.

A potentially important variation in intended use of the simulator w ould allow
test similar to the TVT testing described in Para. 3. 2. The simulator would pro-
vide the same type of total software simulation of hardware with the advantage that
programs within both the GNC and WDC could be tested simultaneously. This ~ ould
eliminate one of the major disadvantages of the TVT approach.

5.4 TRADEOFF RESULTS

Du ri ng the conduct of the study, there were four areas of major concern.
These areas dominated the activity of the study team. The four areas were:

1. The role of the current F—ill Integration Test Equipment (ITE) in the
baseline simulation system

2. What test simulation processing hardware to consider

3. How to test and verify the F—ill OFP’s dynamically without resorting to
software contamination to the programs being tested

4. What subsystems should be simulated vs those to be retained.

It is noted that these factors were considered within the constraint that a digitally
controlled simulator was justifiable.
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5.4. 1 Hole of I’l E

The ITE was designed to s t a t i ca l ly  test MKII  equipments  and i nter laces and
non— M NII  in ter faces .  in addit ion,  it provided he physical space to cont a in the
a vio flies (‘quip inc fits themse lves .  It was not i mi te ndcd to he used for dyna mmx i c tes t ing
and operational p ex -form ance eva lua t i on .  l)ur ing the earl y por t ion of thi s s tudy , it
was learned tha t  SMA MA would hav e available fox - i t s  usc- the F — I l l  noscbay mockups.
The use of these mockups p lus  th e  fact  tha t  ~~1AMA already has a s t a t i c  test capa-
bility (the ITE) led to the following icasons why the ITE would not be integrated into
the baseline simulation system:

1. Extensive rearrangement of MKI I hardware  mou ned in the ITE would have
to be made to optimally interface ~~hysi cal iy)  wi th  the dynamic si mulat ion
equipment and concept.

2. Serial word simulators are not representative of the actual  serial channel
operation and would require major modifications of the ITE to make them
useable in a dynamic simulation environment.

3. Rewiring the ITE for the changes necessary to int erface with the dynamic
simulation equipment would mean it  would be unavailable for several months
as a static test console to check current problems.

4. The non- MKII simulators in the ITE are not adaptable for use by the test
simulation processors withou t extensive rework.

The ITE served its initial goals; namel y, checking interfaces and performing stat ic
functional testing of hardware. Piecemeal software testing was also performed on
the ITE using the computer console portion. How-ever , the means to achieve collec-
tive dynamic testing and validation of OFP’ s and/or system performance cannot be
justified by modifyi ng the ITE. The ITE should remai n intact in  order to test new
equipments as they are introduced into the system as growth (such as LORA N and
data link). -

Should the nosebay mockups not be available to SMA MA for use in thi s faci l i ty ,
two alternate approaches should be considered. The ITE could be modified to provide
interface with the simulator, or a special set of holding fixtures and harness could be
fabricated that would replace the nosebay mockups.

The ITE modification would ent ail a substantial amount of electrical modification
that would bring all of the MKII and non- MKII signal interfaces to a common location.
In addition to the electrical changes, ph ysical relocation of the control s and displays
would be desirable in order to provide more convenient system control by a single
operator. Starti ng with up—to—date drawings of the present configuration, it is esti-
mated that resources on the order of 10 man months and $1K could accomplish thi s
modification.

A rather austere approach toward providing engineering lab type of insta l la t ion
provisions for the flight hardware is the second alternative. It is conceived that a
commercial bench or cart would be obtained and modified to house the airborne
hardware. The modification would entail fabrication and installation, on the bench,
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of connector p lates,  wir ing  racks , cooling ducts  and equipment  t ie-down provisions .
Wiring would essent ial ly  reproduce the cxi st i n g  noseb ay harness,  w i t h  changes
required due to the phy sical layout dit ierences.  Again,  a cockpit s t a t ion  ~vouI d pro-
vide test operator interface.  Again , w i th  up—to—date  d rawings  of the cxi st ing ins ta l la-
tion (including wi r ing ) ,  re sources on ihe order of 17 man  months  and ~4K would be
required to obtain such a set ol l ix tu res .

It is recomm ended that  the second approach be considered in the event the
nosehay mockups should not be avai lab le .  This recomme ndation is made p r imar i l y
to keep the present i-ri- ; configurat ion intact.  The second approach would in essence
provide an additional faci l i ty,  fu nctionally similar to the nosebay, ra ther  than
changing the existing ITE.

5. 4. 2 Choice of Test Simulation Processors

With the wide variety of commercial mini  and medium size computer systems
on the market,  the selection of one might  seem awesome. However, the choices
quickly converged on the PDP-l1 fami ly  fox - the following reasons:

1. SMA MA has access to most government faci l i ty  software packages. Hence ,
it seems logical to select a computer system upon which th is  sottware
could be executed. An examinat ion of the Digital  Avi onics Informat ion
System (DAIS) from WPAFB , Dayton, Ohio indicated that  thc’ v were us in g
the PDP family in their hot bench concept. The software p lann ed  for DAIS
includes air vehicle dynamic s imulators,  avionic hardware s imula to r s ,  et c.
Some of these software packages as wel l  as some interact i ve test tools
could be valuable to SMA MA. If nothi ng else, it  can become a l ib r a r y
source. WPAFB (specifically, the AFAL)  has subcontracted with  i n d u s t r y
to prepare much of the software simulations to be run on the PD1~ facili-
ties. An example of one such simulator would ~c for the analog air  data
computer. An examination of the simulators being prepared for  W P A F B
may greatly reduce the initial development effort ,  at least for the SSS and
RWSS software packages.

Additional software has been developed for use in similar A-7 si mulation
by the Naval Weapons Center , Chi na Lake , Califo rnia. This simulation
software as well as data processing routine s and software needed to in te r -
face with CMAC would have direct application to SMA MA with a PDP-l1
configuration.

2. A brief comparison was made between the PDP-l 1 system and another
potentially viable candidate. While an exact duplicate configurat ion could . 

-
.

not be established , sufficient similarity was obtained for comnp aritive
purposes. The following conclusions were made:

a. Acquisition cost was approximately the same with DEC support cost
slightly lower.



b. Data t ransfer  lx~iw t c n  m ix I t i p h c~~r p u t c  is would l ike ly  be a problem
wit h  the al te t -nat e  c:’ ‘~~id utc  hccuu ~e neithe r a prog r amfl fl ial ) le switch
nor the equ iva l e n t  ~ i t he  ‘‘Unibus \\ i udow ‘‘ is ava i l ab l e .  \ Vi t h  the
alternate cand i ( l a t c ,  comput er  ~o computer  c o m m u n i c a t i o n  is possible
only th rough  a 1) MA chann el  and th e oul peripheral  th a t  could support
both (‘PU ’ s i s the  d i s k .

For these reasons and the PDP’ s f lex ib le  growth capabi l i ty ,  time choice has been made
to recommend the PDP— 1l/45 as the computer for the baseline s imul a t ion  system.

5. 4. 3 Collective OFP Test and Evaluation

During the study ,  two factors dominated any discussion regarding the testing of
the OFP’s. First , any digital test f ac i l i t y  had to be capable of testing the 01-P ’s
collectively. Second, no test and/or debug sof tware was to be loaded into the OFP’s.
This no contamination requirem ent of the software led to the approach of using the
Computer Monitor and Cünt rol Uni t, and the I/O Dat a Monito r Unit.  These units  will
be capable of “listening” to the ac t iv i ty  on the external and in t era l  buses of the 4P1
computers.

An examination of the presentl y available methods for verif yi ng operat ion of the
flight programs was made. First, each program (GNC , WDC , NC U) is tested in a
stand—alone configuration called Tape Verification Test (TVT). Next , the three
programs are integrated in a static compatibility demonstration test using the ITE .
In thi s test the three programs are integrated once during a fre e inert ial  run. For
subsequent demonstrat ion tests, the NCU does not part icipate . Hence , nei ther
method ever integrates the three OFP’ s such that  they approach the operational
environment. The baseline simulation system described in Para. 5. 2 would alle-
viate thi s situation. It is noted that  the NCU has not been treated ( test-Wise)  as has
the GNC and WDC. This has been done becau se o ’ the dedicated func t ion  of the NCU.
Si nce the Inertial Reference Unit ( IR U) w i l l  be digi ta l ly  s imulate d and the NCU outputs
will be accessible to the test s imulat ion processors, a complete closed loop check
can be performed on the navigation com puter f l ight  program.

5. 4. 4 F—il l  Sobsystenis — Simulation vs Actual

There are three basic categories of F— i l l  subsystems. These are computers,
I nteractive devi ces (control s and displays), and sensors. Since it is the goal to test
and validate the OFP’ s bei ng executed in their natura l  habitat ,  all  d i g i ta l  computers
will be retained. These include the GNC , WDC and NCU. For the F i l - 1 I IA  system
onl y, the SRA M compute r would also be retained. Besides these digit al computers,
the re are also analog computers. Of these , onl y two , the Air Data and f l igh t  d i rec tor
computers, have any real significance to the problem at hand . Since the f l ight  director
computer i nterfaces with an alog—typ e controls and di spla s (such as 1151 and AI ) I ) ,  and
the se man-machine devices will not be simulated , the f l igh t  dire ctor wil l  be retaine d
also. A major reason is the complexity of the nonline ar f i l ters  and association ot
these filters with air vehicle characteristics. However, the air data computer is
different. It processes sensor data such as is obtained fro m temperature  probes
and pitot tubes. Si nce an atmospheric model wil l  be mechanized d ig i ta l ly ,  it follows
that thi s analog computer should be s imulated . The outputs would be routed ovex- the
UNIBIJS to the Simulator and Switchi ng Unit.  Here , they will be conditioned and then
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tr ansferred to the same interfaces in the noseba mockup as the actual analog
computer. Further ,  thi s mechaniza t ion can be used for all three F — i l l  systems ’
with little or no changes.

The interactive devices are separated into controls and displays.  All display
devices (analog or digi t a l )  wi l l  be retai ned. The control device s (e. g . ,  entry panels,
SMS panels , etc. ) will be retained also. However, these devices are used by the
operator to control modes and funct ion selection. Therefore, dur ing  s imulat ion runs
(whether pre-canned or manual control using the stick and throttle), the capability to
simulate these pane l functions and interfaces is required.

In gener al , all major sensors will he simulated. Moreover, the intent is to
achieve functional and interface compatibility. Of all the sensors, the Inertial
Reference Uni t (TRU) and the Attack Radar Set (ARS) pose the biggest efforts.  It is
recommended that an IRU model be deve loped which initially simulates a perfect
sensor. Howeve r, provision to incorporate errors/noise of variou s types would be a
growth item. The model will be capable of closed loop operation. On one side ,
acceleration stimuli will come from the air vehicle six degree-of-freedom model.
On the other side, the NCU will provide the applicabl e gyro toi~j~~ ’~~ signal s to main-
tain a “level simul ated plat.fonn ” in inertial space. This will become the pr imary
position, velocity and attitude sensor of the siniulation system during dynamic test
and evaluation.

The AIlS will include two kinds of mechanizations. Fir st , the ARS will be
simulated to provide the capability to disp lay a synthet ic  target on the applicable
disp lays. At least the radar cursor mechaniza t ion  will be simulated such that cursor
laying Is possible usin g the tracking handle. Second , it will be possible to use the
actual ARS hardware and inject HF stimulations under  test s imula t ion  processor
control . The former mechan izat ion will be used for dynamic system simulat ions .

A unique situation exists wi th  Radar Doming and Warni ng (RU and W) equip-
ment. The equipment will not be included in Phase I nor will the equipment be si m-
ulated per Se. It is desired, however, to have a vi sual air-to-ground capability in
the baseline system and this capability can he provided by using the normal  iIH and W
threat warning symbol on the 11UD and the 01)55 to represent a visual target .  This
symbol will be enabled by si mulating the input discretes that normall y would be
generated In the RH and W equipment. The azimuth and elevation inputs that would

• normally come to the avionics from the Hit and W equipment will si m ulate the location
of a visual target. This will allow simulation of visual modes using the normal
visual displays.

5,5 F-Ill SIMULATION SYSTEM DEVELOPMENT

The buildup of the F-ill simulation system has been partitioned into phases.
The items to be developed and delivered for Phase 1 will form the baseline simulation
system described In Para. 5. 2. This section summarizes the development task for
Pha se 1. In addition , hardw are/software for use in later development phases are
enumerated. Order of magnitude cost and schedule data are presented for Phase 1.
An assumed go-ahead for estimating purposes is 1 January, 1974.
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• 5. 5. 1 Phase 1 — Baseline S~ st em Si mnu la t io n  lh -ve lo pnwnt

The pri mnar ~v goal for  Phase I is F — i l l  t est  and eva lua t i on  us ing  dynamic
simulation techniques . There arc fou r areas to be covered. These are :

1. Actual ha rdware vs s imulat ion for  each F — i l l  system

2. Software to support the test ing of l- - l l l  systems

3. Unique F-i l l—to -test  simulation processor interfacing hardware to be
developed

4. The test simulat ion computer system to be procured by SMA MA .

Before pursuing each of these areas, basic assumption s are listed .

I. All models ini t ial ly developed will assume a perfect environment. Error
and noise source injections ~ill be considered a growth i tem.

2. Existing models, whe re available , will be used in the development cycle.
This is especially true where the models are current ly in use at other
government facilities where the PDP — family of computers is used.

3. Dynamic si mulation capability will take precedence over stati c testing.

4. Initial simulation pystem buil dup will emphasize MK II problem solving and
system evaluation over non-MN II avionics and aircraf t  problems.

5. Two simulation systems will be developed . One will handle the F-h iD
while the other will handle both the FB- lh lA and F -1 I IF  systems.

6. N) restrictions in physical size , weight, power and cooling arc anticipated.
The emphasi s for new interface hardware will be on reliability and
modularity to accommodate growth.

5. 5. 1. 1 Actual vs Simulated Hardware

Tables 5— 1 and 5-2 list the major hardware items associated with each of the
three F-ill systems. The tables indicate which hardware will  be simulated and/or
not simulated. An indication of Phase 1 applicability is shown. The meaning of the
notes indicated are defined below.

Note (1) — The J- BOX primarily routes attitude signals from the 11W and AFR S
to multiple users. Si nce these two sensors will be simulated,  the in ter face  into the
J—BOX will come from the simulation and switching unit  defined in the baseline system
discussion. (Sec Figure 5—3.)

Note (2) — These items must be capable of being switched in the si mula t ion  and
switching unit. The status of all switches, buttons , etc. will be al terable  either f rom
pre—canncd mission setups or via the operator control keyboard/monitor uni t .  When
not being controlled from the test simulation system, the actual hardware i tem will
Interface directly as normal.
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Note (3) — These two air vehicle controls will be included in the si m ula t ion
facility . They are a reasonable facs imi le  of the actual controls and i nterface (with
force or position t ?ansduccrs ) di rect ly  with the simulation and switching unit for lr~~ut
to the support simul ~il ion ~~~~~~~~~~~~~

Note ~4) — Both the AIl S and ‘I’FIl will,  in certain tests , requ i re the actual
• hardware to be used. In those cases, stimulations, under test simulation processor

• control , will be used. This capability is a growth item for late r phases.

Note (5) — It is not the intention to simulate the entire SRA M weapon. However,
certain functions such as targeting and platform alignment may be desirabl e for future
phases.

From Tables 5- i. and 5—2 , two immediate conclusions are drawn. First, there
is great commonality of hardware among the three systems. Hence , interlaces and
software can be prepared once and used across the board with l i t t le  or no modifica-
tion. Second, the Phase 1 baseline system will comprise about 90 percent of the ful l
F—il l  dynamic simulation capability. Hence , one should not view the multiphased
approach as starting smal l and building accordingly.

5. 5. 1. 2 Simulation System Software

The software falls generally into three categories, namely, that to be (h)
purchased, (2) developed and/or modified from existing software, and (3) acquired
from other government agencies. Even though actual program modules will not be
directly useable, (except for those purchased), the functional requirements, logi c,
and mathematical algorithms will be of immediate value.

5. 5. 1. 2. 1 Purchased Software. These software package s will include
peripheral handlers and computerfper ipheral self test modules for the PDP-ll/15
test simulation system. In addition , the real t ime system executive (H SX- 1JD) wil l
be purchased. An assessment will then be made as to its ability to fu l f i l l  the
Executive Operating System requirements discussed in Para. 5. 2. 2. A h ybri d is
anticipated with some RSX-11D features merged with requirement s uni que to the
simulation system tasks to be performed. For example, memory management does
not appear to offer significant advantages for the simulation system. On the other
hand, a good deal of inter-PDP traffic will be necessary. This implies a synchroni-• zatlon between the two test computers to ensure timely and repeatabl e re sults.

5. 5. 1.2.2 Developed/ModifIed Software. The primary software items to be
developed are:

1, Man/Machine Interactive System

2. Canned Mission Profiles with Breakpoints for Recycling

• 3. F—ill Subsystem Interface Simulators

The Man/Machine Interactive System Includes modules to communicate with the
Computer Control and Monitor Unit and the I/O Data Monitor Unit among others. The
canne d mission profiles will Interface with the Real World Simulation System as the
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mai n drivi ng function . The subsyste m inter lace  s imulators  will provid e the linkage
between the subsystem model outputs  and the Simula tor  and Switching Unit  which
Interfaces directly with the Nosebay Mockup.

It is anticipated that  al l  other  software modules wil l  be modif icat ions  of exis t ing
packages. These modi f ica t ions  eithe r entai l  coding changes to make the module
compatible to run on the Execut iv e Operating System or using the exis t ing require-
ments, logic and/or algorithms in order to “re-code ” the module for the new coin-
puter/environment. The following i tems fall into the software modification category:

1. IRU Closed Loop Model (with J-130X inte rface)

2. Doppler Radar Model (functionally compatible to the F-h iD and FB—lllA
• systems)

3. F-h iD Attack Radar Model (provide simulated Ai r—to—Gro und target
capability with no Doppler processing modes in i t ia l ly)

4. FB— 111A/F-I11F Attack Radar Model (same cap ability as F-h iD)

5. Central Air Data Computer and Angle-of-Attack Models

6. Radar Altimeter Set Model

7. Auxiliary Flight Reference System Model (with J-BOX interface)

8. Flux Valve Model (provides heading for IRU ground al ignment)

9. Accelerometer Transmitter- Model (provides normal acceleration)

10. Throttle and Control Stick Interface Model

11. Real World-to-Sensor Model Interfaces

12. Sensor Model—to-Simulation and Switching Unit Interfaces

Acquisition of some of these models (e. g., Air Data Computer, and Radar Altimeter
Set) would probably come from other government agencies and/or government con-

• tractors. Still others would be available in some form from Autonctics (such as IRU
model). Those Items listed which indicate interlaces, will, in general be deve loped.

5.5. 1.2.3 Government-Furnished Software. Assessment of the Navy A-7
simulation facility at China Lake indicates that the following software could be used
as the design baseline for the F-ill simulation facility:

1. 6 degree-of-freedom air vehicle model

2. 3 axis autopilot model

3. Atmospheric Model

5—41

• • - • ~~~~~~~~~ •
• 

• ~~~~• •—•—- •~~~~--- •~~~~~~ • •-~~ 
•~~~~~~



-

Actually,  the Navy has three di f ferent  mi ir vehicle models with varied levels of
simulation realism (and complexi ty ) .  ‘I’he most complex, of these , a long wi th  the
atmospheric and autopilot models are cur rent ly  programmed on the SIGMA 5 com-
puter and utilize about 50 percent of the CPU duty cycle.

5. 5. 1. 3 F-i l l - to— Test Computer Interface Units

From Pam . 5. 2, three pieces of hardware have been identified for specific
development. These are necessary to enable the test operators and/or the si mulation
test system to communicate with the F-il l  syste m under test. These hardware are:

1. Computer Monitor and Control (CMAC) Uni t

2. i/o Data Monitor (10DM) Uni t

3. Simulator and Switching (SA S) Unit .

The CMAC unit interface s with the 4P 1 AGE connector and is based on a design by
Naval Weapon Center engineers. The 10DM unit interfaces with the 4P1 parallel
channels (both PCO and Ed ). The SAS unit interfaces with the CS, 4 PIs, nosebay
mockup, and control stick and throttle. Figure 5-3 provides some insight Into the
hookup of the SAS unit with the F-ill nosebay mockup. Data to/from the support
simulation processor will be stored in a general SAS buffer and distr ibuted to the
specific interface buffers shown. Here, the applicable conversion, and/or condi-
tioning will occur followed by the appropriate drivers or receivers. Cable lengLh
compensation will be provided as necessary. It is anticipated that the NCU, J-BOX,
TROT and CTL STICK, CADC, RA S, and ACC XMTR interfaces will be similar if
not identical for each of the three F-ill systems.

5. 5. 1.4 Test Simulation Computer System

The computer system recommended for the F-ill Test Simulation is presented
in FIgure 5-15. This configuration represents a modification to the Baseline System
discussed in Para. 5. 2. The primary difference is that the communication between
the processors is established through a DAli-F unibus window. This Interp rocessor
communication link and shared peripherals are depicted in the figure. This config-
uration will permit the Support Processor to run as a task under the real-time
executive (RSX—ilD) in the Master Processor. The recommended technique elimi-
sates the requirement for the Support Processor to have all the memory and
peripherals that would be needed to support another real-time executive. Thi s
approach will not only reduce hardware cost by the elimination of expensive switches
but will also increase the Support Processor throughput due to the reduced overhead
of the Support Software. The window extends the concept of using the basic PDP-il
dual-port memory by allowing memories to be made shareable or nonshareable
dynamically and on-line as well as shar i ng the control o’ peripherals.

5. 5. 2 F-ill Simulation System Schedules and Cost

This section summarizes the preliminary cost and schedule estimates required
to implement the Phase 1 baseline Simulation System. Costs will be estimated for
design, development, and test. FIgure 5-16 Is a summary of the schedule for Phase 1
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for the 1-’— l i i D  System. Using as imicli c ommon al i ty  as possible , the schedule for
the F B — 1 I I A / F — l h l F  developm ent is shown in 1 igu rc  5— 17.  The schc ’d’.ile indica t e s
that  the baseline F — i l l  s i m u l a t i o n  system for all ~iiree F — i l l  sy stems can be dem on—
slrated and made operati onal (Phase 1) about 18 months alter go—ahead.  The cost
estimates are discussed below accor ding to the categories shown in Figu res 5— 16 and
5-17 .

5. 5. 2. 1 Software Costs

The estimate for the software effort wi ll  be based on the tasks to be performed
for each category. These categories are ( 1) data base s t ructure , (2) subsystem
models, (3) air vehicle models, (4) man/machine interact ive system , and (5) execu-
tive operating system. The tasks wil l  be est imated for these five categories for  the

• F—h iD first .  The n, using as much commonali ty as possible , the effort for the
FB—lli A/ F-ll1 F will be estimated.

5.5 . 2 . 1 . 1  F — h i l l )  Software. The first category is data base structure.  The
tasks involved include :

1. Organizing the disk pack into records which will accommodate , as a
minimum , test modules, F—h iD f l igh t  programs for the GNU and WDC,
canned mission profiles, formats  for  displays and hardcopy devi ces of the
test computer system, and tables related to parameter conversions, test
setup menus, et c.

2. Organizing the local data bases with in each s imula t ion  computer to include
input/output data, in termediate  data , test module/executive interfacing
table s and mission-related data.

3. Document the resulting structure.

The structure selected will be applied to the FB-ihlA/F-ihiF design requirements.
The manpower estimate is 5 MM aid is spread as follows:

Mo. after go-ahead 1 2 3 4 5 6
Manpower: 1/2 1 1 1 1 1/2

The second category is subsystem models. The eight models noted below for Phase 1
for digital functional simulation are included in this effort.  It is assumed that  all• subsystem models already exist in some form. That is, requirements ,  a lgor i thms ,
and logic can be used along with sonic subsets of specific code to develop the sub-
system test modules to run on the PDP-il/45 . The tasks include :

1. Evaluating the usefulness of existing models

2. Reworki ng models as necessary to be compatible with F-ill  simulat ion
system requ i rements and air  vehicle interfaces

5—4 5,
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• 3. Flow chart, code and checkout the  result ing modules short of hardware
i ntegration

4. Document the resulting structure .

The matri x below summarizes the estimates to perform the tasks.

Subsystem Model 
— 
MM Comments _____________

1. ~~U 8. 0 Closed Loop Provision to Later Add Noise/Errors
2. AFRS 4 .0  Simple Model
3. FI~x Valve 1. 5 Simple to Interface With mU
4. DRS 3. 0 Simple Model

• 5. CADC 3. 0 Compatible with Atmospheric Model
6. ARS 5. 0 Simple with Simulated Ground Target
7. ACC. XMTR 0. 5 Provide Normal Acceleration
8. RAS 1.0 Simple Model

Total 26.0MM

The spread for these 26 MM is shown below:

Months after go-ahead: 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Manpower: 3 3 3 3 3 2 2 2  1 1 1 1 1/2 1/2

The thi rd category is air vehicle models. As mentioned in previou s paragraphs , the
software estimating baseline for the dynami c 6 deg. -of -freedom , 3-axis autopilot ,
and atmospheric model will be that currently mechanized at the Naval Weapons Center,• China Lake , California. The major tasks include tailor ing the package to operate
within the executive operati ng system in the PDP-ll/45 test computer system. As
many FORTRA N statements as possible will he carried over. Specific adlust ments
will be made for conversion of SIGMA-5 assembly code to PDP-hi /45 assembl y code .
The primary emphasis will be to minimize the duty cycle of thi s package . Hence ,
extra effort is estimated to perform analyses for this effort is 22 MM. The man-
power spread is 2 men per month from nionth 1 through month 11 (See Figu re 5-16).

The fourth category, namely man/machine interactive syste’n , represents the -•single biggest new software development effort. It is this software package with
which the SMA I~1A engineers will communicate with and control the test simulation
system. The tasks will include as a minimum:

1. Keyboard options for control of the test setups stored on Disk File

2. Keyboard options for control of the F—ill interfacing hardware
(I .e., C MAC, 10D M, and SAS units)

3. CRT display formats for all test setups established

4. Control options for turning the test system on and Initializ ing

5—4 7
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5. Line Printer  data formats

6. Keyboard options for controlling the operation of the Support Si mulation
Computer.

For these tasks to he fu l l y resp onsive , SMA MA must part icipate in the requirements
generation. J’he est imate for  th i s  task is 42 MM. The spread is shown below:

Months after go-ahead : 2 3 4 5 6 7 8 9 10 11 12 13
Manpower: 3 3 3 3 3 4 4 4  4 4 4 4

The final software category is the executive operating system. This eff ort will
primarily be to examine the PI)P- 1l/45 real time system executive and determine
its adequacy against the EOS require ments. The effort will require consultation
with DEC software system personnel . A support contract with DEC to cover this
activity appears feasible. Assuming this DEC support and that about 50 percent of
the software currentl y used in the PDP—h1 /45 executive is useable , the est imate for
this task is 12 MM. The spread is 2 men per month for months 1 through 6 inclusive.

5. 5. 2. 1.2 FB-111A/F-hhlF Software. Using common software requirements,
module s, data , etc. generated from F— h iD efforts, this estimate is considered to
be 25 percent of the total F-h iD eff ort . This amount s to 27 MM ’s. The spread is
shown below:

Months after go— ahead : ‘1 8 9 10 11 12 13 14 15 16
Manpower:

Data Base Structure 1 2 2 2 1
Sib systen~ Models 1 2 1
Air Vehi cles Model s 2 1
M/M Interactive Sys 2 2 2 2 1
Executive Operating Sys 1 1 1

5. 5. 2. 1. 3 Summary of Software Costs. The spread and total manpower
es~ mate fo r both F-h iD and FB— 111A/F- 111F software design and developme nt is
shown below. Note that more software manpower will be required in Para. 5. 5. 2. 4
of this section (namely “test and Integration ”).

Months after
go— ahead: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total 4

Manpower:

F— h ID 4—1/2 8 11 ii 11 fl-1/2 9 8 8 8 7 5 4 1 1/2 1/2 107
F&-111A/F—hliF 1 2 3 3 3 4 5 3 2 1 27

134 MM
5. 5. 2. 2 F-ill Interface Hardware Costs

Hardware that will provide the direct simulator Interface with the F-lu ai r-
borne hardware and the monitoring and control of the OFP evaluation has been dis-
cussed pre viously. This hardware consists of: (1) SImulation and Switching (SAS)
Unit (including partial analog simulation of the ARS) , (2) i/O Data Monitori ng (I/O DM)
Unit, and (3) Computer Monitor and Contro l (C MAC) Unit. Estimated cost of these
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uni t s  to provide the baseline c a p a b i l i t y  consists of de s ign , fabr ica t ion  and test of a
f irst  (F— h iD) unit  and f a b r i c a t i o n  and t est  ol a second ( F ’ U — h h I A / F — l h F )  un i t .  The
I/O DM and CMA C designs wi11  not change between the f i r s t  and second uni ts .  Addi-
tionally , no design cost is as soc Ia ted wi th  the C MA C since the gove m ine at has an
existing design (NV~’C , China Lake). ~ ini in ar ized cost for these un its  arc presented
in Table 5-3.

Table 5-3. Estimate of F—Il l  Interface E quipment Cost

1st Unit (F-h iD) 2nd Unit ( FB - 1 I JA/ F - h h I  F) 
—

• Labor Parts, Material, Etc. Labor Parts, Material ,  Etc.
Equip ment (I~la nmonths) ($) (Manmonths) ($) 

-

SAS 42. 0 87, 500 16. 0 77 , 000

I/O DMU 10. 5 14, 400 3.0 
• 

6, 400

CMA C 5.0 3, 300 3. 5 3, 300

Total 57.5 105, 200 22 . 5 86 , 700

Development of these equipments is compatible with the schedule presented as
Figures 5-16 and 5-17.

5. 5. 2. 3 PDP - 11/45 Test Computer System Cost

Estimated cost for each element of the Test Computer System is presented as
Table 5—4. List price for each or the F-h iD and F B — i l l A / F — h 1 i I - ’ Test Computer
system is $239 , 355. Original Equipment Manufacturer ’s Discount available to
Rockwell International would reduce that price by $38, 381. A maintenance contract
for the listed equipment would total $1 , 794 per month.

It is noted that this price would include real—tim e computer software and
computer/peripheral system integration. Software to be provided would includ e
background/foreground resident executive , FORTRA N IV compiler , MACRO asse m-
bler, batch backgroun d monitor and ut i l i ty  programs. The unibus wi ndow handler  is
not supported under the supplied software and must be writte n as part of the specific
operating system software.

5. 5. 2.4 Test and Integration Costs

There are three tasks related to test and integrat ion.  These are to demonstrate
the operation of the PDP-11/45 test computer syste m , to integrate the F - i l l  inter-
face hardware between the PDP-ll/4 5 and the nosebay mockup, and to integrate t h e
simulation software .
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Table 5-4 . Test Computer System Cost Breakdown

JI Unit M.in t .
Item

_J- 
Qty Desc-riptton Price 

— 

Price Extended

• MA STFR SIMULAT !’~N I’S(( ’ESSOII

1 1 11/ 45— MV ~ 111K I 1~ -e,- b ~~~ d il e al-lim e System
wi th  for t ~ ’r ii:~d a r t  l’ar’~ :~ u~~l nroc esvt ng.Ha rdwai e f loat lug p~ I it ~ui 1 d a a Ca vtr idpe d is k
storage. includes :

• t t / 43 - CP  I’roce,sor with 32K par Ity (CR)
core memor y, mcnva ry management .
proce ssor and ex tens ion mc tnt ing
cab inets au to loader , real-t ime clock
and serial 30 C I’S DECwr iter

• MM11-LP BK par ity core memory

• FPIL -B Floating point proces sor

• RK11-D 1.2 mi llion word DECpack disk
unit

• RKO5 1.2 mill ion word DECps ck disk
drive

• Q4580-A E Real-time syste m sof tware
licen se

$77. 260 $77 , 260 580

2 1 MMII-LP , 8K words 900 n/sec par ity memory 5 . 400 5 , 400 
• 

35

3 3 DLII-A 2OMA Asynchronous Line interlace 430 1.290 18
4 3 VT0513-AA Alpha /numeric Key board CRT 2. 795 8.385 66

Tern, teal
S I TMI I-EA 9 channel Indu stri al Compatible

Tape. 800 bpi, 45 ips w i th controller and
cabinet • 10 , 745 10. 745 35

6 1 TtYIO-EE 9 channel Indu st rIal Compatible Tape.
800 bpl , 45 ips , include, cabinet 7, 505 7 , 505 70

7 1 PC1I, lllgh Speed Paper Tape Reader,’ Punch 3,900 3 . 900 36

6 1 LP IL— KA . 300 LPM Line PrInter , 132 column 19, 000 19 , 000 80
9 1 CR11, 300 CPM Card Reader 4, 860 4 . 860 50

10 2 DDI1-B. System Units 185 370 -

11 1 DBII-A , Lnlbu . Repeater 1,080 1, 080 S

- 
SUPPORT SIMULATION PROC ESSOR

12 1 11/50-C P Central Process or w ith 16K pari ty
MOB memory plus 16K p5rity core memory and
b.rdware memory man agement. Include, power
supp ly. c.blnet, line frequency clock, multi-
device auto loader , power fail /rest art , serial
30 CI’S DKCwr ite r terminal *nd cont rol , and
five train ing credits 51,070 51, 070 430

13 1 FP1I-B Floating Point Process or. Perform. 5, 290 5, 290 42
hardw ur. operat ions on 32-bit and 64-bit floa t ing
point num bers as well a. integer to floating
conversion ..

14 1 14311-RD Secand MOB Memory Control. Control . 1,500 1,500 12
up to fou r additional MSI1-BM or MSII-BP
memories .

15 4 MS1 %-BP , 4K MOB memory W Ith byt , parity 5,300 20. 600 160
COMMON DEVICES

IS 1 D Al I - F  UnlbusWljtdow , Iligh spa.dlntorbu. 6.500 0.500 40
Channel

17 1 DTO3-FP, Programmable Ualbua Svlld, 6,400 6,400 75

tO I System lntsgr.tioa Chiegs 6, 000 
— 

0, 000 -
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5. 5. 2 . 4 .  1 Si n iul at  i t ) f l  L qui pmef l t  I ) emon ~ ral ion. Af te r  the P1 )P— 1 1/45
system has been assembled , t e st e d kind ini t ’gi ’ t i i i ’d by DEC p i’sonn ’l , this  eflor t
would demonst rate  final  opt’ r a t i o n  of thi s pu i-diziscd ha i -dwai ’e/softwa re system to
SMAMA. As a mini  mu in , a l l  periphci’n I ~, , i nc lud ing  the  disk li i i ’, wi l l  be exercised
to demons t i-ate proper op era t ion .  Compi la t ion and execution of a typical F ’OHTRA N
program will be demonsti - :’~cd. An intei’ computer data t ransfer  demonstrat ion wil l

• also be accomplished . The cost for this  demon stra t ion is i ncluded in the purchase
price of the tota l PDP— li/45 system discussed in Para 5. 5. 2. 3.

5. 5. 2 .4 .2  Interface Ilardwai-e In t egra t ion.  Each F — i l l  Interface Hardware
Unit will be integrated. The C~ LAC and lOD M un i t s  will be integrated f i rs t  on the
F— h iD system. Once checked and debugged on the F-HiD system, the second uni t s
(for the FB- 111A/F— ihlD system) will be checke d pri m ari ly for fabrication problems.
The major integration effort occurs with the SAS units  (both systems). The estimated
manpower to test and integrate these units is:

F—h iD — Months After Go—ahead: 10 ii 12 13 14 15 Totals
CMAC unI t 2 1 3
IODM uni t 2 1 3
SAS uni t 2 2 2 1 7

13 MM

FB-11IA/F-111 F
CMAC unit  1/2 1/2
10DM unit  1/2 1/2
SAS uni t 2 2 4

5 M M

5. 5. 2.4. 3 Checkout and Integration. The checkout and integr at ion of the unique
test simulation software modules comprises this cost. From similar  experience on
othe r programs (F—i l l , Polaris, Minuteman) ,  it is estimated that one f o u r t h  of the
total programming eff ort supports software/hardwa re integration.  Hence, the esti -
mate is 27 MM. The spread is 3 men per month from month 9 through month 17 (Sec
FIgure 5—16). The estimate for the FB-ihiA/F- 111F is based on s i m i l a r  ac t iv i ty
with F-h iD, This estimate is 10 MM. The spread is 2 men per month f rom
month 14 through 18.

5, 5. 2.4.4 &lmmary . A summary of the te st and integration task is shown
below .

Months after go-ahead : 9 10 11 12 13 14 15 16 17 18 Totals
F-h iD 3 5 6 6 5 5 4 3 3 40
FB—111A/F -111F 5 4 2 2 2 15

55 MM

5. 5. 2. 5 Demonstration Costs

Du ring months 17 and 18, a demonstration of all basic functions would be pe r-
formed . Thi s demonstration will certif y that the hardware and softwa re perform the
operations dictated by the test operators. The estimate Is 3 MM for each month for
the F-h iD and F13-hhiA/ F-111F respectively.
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5, 5, 2. 6 General Comments

While not specifically enumerated as a cost i tem,  the documenta t ion  of har d~~are
descrIptions (includi ng operation) , and soi t \% ar e it i odul es  is in - ludt ’d  in th e  previou s
costs. Howe ver , it is desirable to provide an overall  users manua l  b r  [- -111 s i rnu l a—
tion system operation. This manual is assumed to be w -r i t tcn  by SMA MA personnel
with assistance as requli-ed f rom t u e  appl icable contractors .  It is e~ t i t i ~ated that
there would be at least 60 percent commonality between the F— h iD manual and the
FB-hhhA/ F - hh h F  manual.

5. 5. 3 F—ill Simulation System Growth (Phase 11 and III~

It is envisioned that all software modules developed wi ll be modular. The
capability to Introd u ce noise , errors, etc. into simulated subsystem, airframe, etc.
will be provided without software redesign. Also, the SAS un i t  will be designed to
accommod ate growth for additiona l analog, serial and parallel inte rfaces with the DCC
and nosebay mockup,

5, 5. 3. 1 Phase II Growth (Mi nimum)

1. Astrocompass Model

2. Error/Noise Injection Into Models

3. Static Simulation of all F-ill Pane l interfaces

4. Attack Radar Doppler Processing Modes (F-h iD only)

5. Magnetic Tape Recorders (for data recording of simulated system activity
during a test. Data reduction would be accomplished using PDP ’s or othe r
large computer complex

6. Card Reader (for continuous program maintenance )

7. Paper Tape Reader/Punch (Making addendum tape s for F-ill field use)

8. Takeoff and Landing Capability In Mission Profiles

5. 5. 3. 2 Phase III Growth (Mini mum)

1. SEAM Missile Model

2. HUD/ODSS stability and accuracy hardware/software mechanization

3. Automati c F-ill Problem/Tape Coafiguration Control maintenance

5.6 BASIC SIMULATION REQUIREMENT RATIONALE

There Is a basic shortcoming in the F-ill avionics software capability at
SMA MA . This shortcoming is the lack of a capability to dynamically evaluate new or
revised operational flight software and the solutions to software/hardware problems.
This lack makes it very difficult for SMA MA to thoroughl y evaluate software prior to
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release to operating commands. \Vith a dynamic sim ula t ion  capability, significant
benefits will be derived in th e areas discussed below.

5. 6. 1 Improvements in Completeness of Checkout

The simulation facility proposed in thi s study will provide AFLC/S MA MA the
necessary test capability for FB-111, F- i i lD and F-111F system and software mai nte-
nance. Thi s equipment overcomes the test li m itations imposed by the static capability
of the existing ITE facilities. Improve m ents in completeness of checkout that will
result from the recomm ended faci l i ty are attaine d because dynami c simulation:

1. Allows dynamic evaluation of all modes ot~ grou nd

2. Allows interactive usc of all three computers in dyna mic situations — not

possible statically

3. Allow s both man-in-the—loop search for anomalies and preprogrammed
flight profile accuracy evaluation 

-

4. Allows detailed examination of conditions causing anomalies

5. Eliminates aircraft scheduling/availability problems

• . 6. Allows exact (if known) and repeatable reproduction of conditi ons in which
fli ght problems are experienced.

• The requirement for an increased test capability resulting in improvements in
the completeness of checkout was established by examining: (1) the F-i l l  weapon sys-
tem maintenance problem , (2) the i ntegration test equipment (ITE) i nadequacies,
(3) need for improved test facilities , and (4) required test facility.

5. 6. 1. 1 The F-ill Weapon System Maintenance Problem

F-ill systems are composed of numerous advanced subsystems which are
integrated into the most sophisticated avioni c equipment available today. The com-
plexity of the FB— h ilA , F-h iD and F—I 11F avionics systems required that numerou s
functions within the airborne systems be automated and removed from continuous
operator control , ma nipulation and even observation and access. This auto mation was
provided by the incorporation of three separate digi t al computers. The computer
control of the various subsystems and fu nctions is provided in the GNC and WI) C by
executing permanently stored programs. In order to perform the required control
with the available memory and computing capability, extremely efficient programs
were developed. i’hc natural result is that the computer flight programs are general ly
inflexible. Any changes desired to the program require detailed analy sis and usua l ly
major program modifications to provide required memory space for  the addition or
change. The high degree of computer utilization combi ned with extremely e f f i c i en t
flight programs requires that a systematic and t imely solution to problems be devel-
oped, FIgure 5— 18 outlines steps taken in the past in solvi ng a typical fie ld problem
involving a fl ight program change. This flow is not uni que and is pre sented to mdi-
cate areas in which ground test facility use Is either required or would be usefu l .
Steps 4 through 8 represent those areas withi n the OFP revision cycle. The type of



• 0

STEP
DETECT SYSTEM PROBLEM

(1) OR IDrN T IF Y NEW
REQU IREMENT

[ I N I T I A T E  PROBLEM SHEET
(2) OR CHANGE REQUEST

(3) PERFORM SCOP E ANALYS I S

——— -4, —

VERIFY PROBLEM EXI STENCE
(4) 

(RECONSTRUCTION OF FIELD PROBLEM)

(5) DETERMINE CAUSE OF _j AND E VAWAT I ON

DEVELOP PROBLEM
(6) SOLUTION MECHANIZATION (REQUIRE S TEST

FACILITIES )

DEVELOP NEW FLIGHT
(‘7) PROGRA M

P ERFORM COMPI.ETE FLIGHT(8) [ PROGRAM VERIFICATION

_ _ _ __•

~~~,

__ _ __ _ __•• — — - — — —--
‘ — ——

DOCUMENT CHANGES & COMPLETE
F , T .  REVISION

FLIGHT TEST
(10) NEW FLI GHT PROGRAM

RE LE ASE NEW VERSION
OF FUGHT PROGRAM

FIgure 5—18. Typical F—ill Problem Solution Sequence
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facilities ad the degree of au tomat ion  arc i rRl i c ated in fol I o- sing sections by reviewi ng
in detai l what test funct ions  mu at he provided to enable a t imely  solution to tvp i cal
expected system enginee ring problems.

5.6. 1. 2 Integration Test Equipment (ITE) Inadequacie s

Capabilities of the ITE were examine d to determine its usefulness in a long
term software maintenance/development program. The Integration Test Ec 1uipme ft
(ITE) is special test equipment which was in i t i a l ly  designed to accomplish the overall
functional checkout including development and ve r ification of operational computer
programs. In general, this equipment statically simulate s all external interface sig-
nals required for avionic system operation, provides the capability to moni tor digital
and analog signals as tests arc performed , and control , fil l , and readou t the d ig i t a l
computers in each system. ‘l’he ITE performs no automatic test ing.  Flight program
inputs are init ialized by manual ly setting sensor inputs and switch position on avi oni c
subsystem hardware and simulators. Verification of system test response is obtained
by observing static ITE displays and outputs of the  avi oni c subsystem hardware . In
spite of the ITE inadequacies presented here , the capabilities wi th in  the ITE are
valuable and useful. It must be kept in mind that the JTE is the tool that has been
used since the beginning of the F-h i program to integrate and test both hardware
and software. Many, many problems we re identified and solved using this  equipment
with techniques and approaches still available. Of primary concern in the discussion
of Inadequ acies are the subtle problems that elude detection on the ITE and result in
operational shortcomings and nagging problems.

Specific limitations of the existing F—il l  avionic test equipment (ITE) are listed
in Table 5—5. These limitations can be segregated int o the following general categories:

1. Li mited input signal control — only one serial data word can be set up and
transferred at any one ti me . No real-time data entry can be performed .

2. Lack of monitoring or data gathe ring capability.

3. InabIlity to create reali stic dynamic flight conditions.

Testing of the complex F—il l  avionic system requires continuous positive control
over the F—ill  flight hardware . This control includes the capabil i ty to s t imulate  the
hardware to a degree sufficient to create an actual system environment. The present
ITE equipment provides a limited input capability which results in an ar t i f ic ia l  “static ”
test situation. This capability is inadequate to create test situations necessary to
precipitate solutions to the majority of existing or expected problems.

• 5. 6. 1. 3 Need for Improved F-ill Test Facilities

The high degree of automation in the F-ill weapon systems combined with the
large nu mber of sophisticated subsystems makes system problem solutions diff icul t .
This difficulty results from the extensive interaction of indiv idual subsystems throug h
the digital computer complex via the extremely effi cient f l igh t  programs. A review
of existing and expected hardware and software problems ha~ revealed that  a dynamic
test capability must be provided. This dynamic test capability is required to provide
U) rapid reconst ruction of field problems, (2) isolation of problem sources ,
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Table 5-5. SpecIfic FIE Inadequacies

ITE Test -

Element/Function ____________________ — 
Inadequacies

1) SerIal Word 1) a. Serial word simul ators are limited to simulation of
Simulator (SWS) valid data for only one word at a time. This results

in Lime consuming operations to input multiple data
and in a number of cases does not provide valid test-
ing since actual data transfe r rates are not be ing met.

b. Data entry is in difficult—to-use bit patterns instead
of desirabl e engineering units.

2) SerIal Word 2) a. Serial word monitors , (SW M) , are limited to monitor-
Monitors (SWS) Ing only one word at a time. Only three SWMs are

• available per 1TE. Data words are in binary bit
patterns.

b. SWM can only be put in freeze mode manually to
retain and display the last input received . It isdesir-
able to monitor the fast changing data at critical times
wh ich can only be indicated by a discrete or strobe
signal.

3) Computer/ 3) VJsual monitoring equipment Is not available at computer!
Converter Set converter set interface. Visual and perhaps hard copy
Interface recording should be provided at all subsystem Interfaces.
Monitoring Controls to freeze data at critical times should be

included.
4) Computer Data 4) Programmers key-in data In the wrong memory locations.

• Entry Correct ing the data in these locations might only be
accomplished by a new memory load. A hard copy print-
out should be provided for all memory key-ins.

5) Simul ated 5) Manual entry results In step data changes instead of the
External Input smoothly varying real world. Signals cannot be coordi-
Signals (Velocity, nated to simulate the actual aircraf t dy namics.
Altitude, Heading,
Pitch, etc. )

6) INS, ABS. 6) ITE provides only static operation of these subsystems.
Doppler Radar Static operation greatly limits overall system testing and
and Astro evaluation. Critical system modes such as designation ,
Compass Static target tracking and navigation cannot be tested .
Test Set—up

7) Computer 7) The 1TE test set—up does not allow the use of peripherals
Monitoring ~ r inters, tape units, etc. ) for data/program monitoring

without the Introduction of contaminating data monitoring
programs to the actual fl ight program.
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(3) development and ev a lua t ion  of prob lem so lu t i ons ,  and (4) the on—lin e  and r e a l — t i m e
dynamic verif icat ion of f l i gh t  tap e chan ge s prior to and/or in lieu of I l i gh t  testing .

An examina t ion  of ove r 300 past and pr esent pro l) l em s in the ‘‘SMA MA F — i l l
Problem Book” was made . Two major conclusions were reached. I- irst, between
25 and 40 percent of the problems lor all three F — i l l  systems wil l  r equire some fom~of dynami c test configuration in order to deve lop aixd/or validate a solution. II simu-
lation is not available , fl ight t esting w i l l  be extensively required. Second, about
80 percent of the pi-oblems require the a l terat ion of the operationa l f l ight  programs.
Moreove r, these alterations will pr imar i ly  add words to computers that are 98 perce nt
filled i n order to effect the solution.

AFLC/SMA MA presently doe s not have the capability to provide the require d
dy namic weapon system testing necessary for timely solutions to field problems and
fli ght program revisions. Failure to obtain these dynamic test fac i l i t i es  wi ll result
in excessivel y high maintenance costs, slow response times to field problems and , in
general , will result in F—Il l  weapon systems operating in the field below designe d
levels.

AFLC/S~IA MA F—Il l  system engin eering responsibilities .vill include f l ight
computer program maint enance, i nvestigation of mechanization problems (both hard -
ware and software) and implementation of new modes and hai-dware. To meet these
responsibilities, SMA MA must have facilities , test equipment and a team of skilled
personnel who are capable of per forming all the functions necessary to define , develop .
verif y and imple ment change to flight programs and perform rapid system mecha niza-
tio n changes. Key to this effort  is the basic system test and evalua t ion  f a c i l i t i e s .
The degree of automation and sophistication in t h e  test and eva lua t ion  lac i l i t i es  wi l l
determi ne the timeliness of problem solutions , cost in manpower, the cost of f l ight
test support required, and will ul t imately determine the operational qua l i ty  ( cap ah ih i ty ,
accuracy, etc. ) of the FB— 111A , F-h ID and F - l i lY  ~ capon systems. A study in to
the total F—i l l  system maintenance problem indicates the need for a degree of test
equipment automation above that presently available with the s ta t ic  ITE test stations .
To understand the need for a simulation/compute r aided test faci l i ty,  one must f i rs t
review the tasks involved in performing system leve l maintenance on the YB - l i lA ,
F-lllD and F - lh iF  weapon systems.

5. 6. 1. 4 Required Test Facility

As the F-ill weapon system matures , the problems encou ntered become m ore j
complex, difficult to solve, and time consuming. For example , problems in weapon
trajectory computations almost always involve several analysis/t est/evaluate iteration
cycles before satisfactory, accurate solutions are obtained. Large amount s of data
must be collected for problem identification. Also , F-li I problems involving naviga-
tiona l accuracy require statistical processing of large amount s of test data.  Solution
of navigation steering and weapon delivery steering type problems requires a dynamic
man-in-the-loop simu l ation of the F-ill aircrafts. In order to solve these problems,
test facili ties must provide continuous positive control ove r the F — i l l  fl ight  hardware
under test. Thi s control includes s t imulat ion or input data generat ion , monitoring or
data gathering, and evaluation of data analysis. An F — i l l  digit al s imu la t ion  l ac i l i t y
would provide the direct control necessary to develop and/or verif y solutions to oper-
ational problems. Thi s faci l i ty  would provide the dynamic system environment nece s-
sary for investigation and evalu ation of problem solutions and would be capable of
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automatic data generation . data gather i ng, and data analy sis .  Some of the feature s of
this F—ill  digital simulation faci l i t y  necessary for rapid problem solutions are as
follows :

5. 6. 1. 4. 1 St imulat ion or ln~~t Data Generation. A n important aspect of the
F—il l  problem solution is the measuremeni of the weapon systems re sponse to stimu-
lation. Important factors in the st ini dation phase are the choice of the poi nts of data
injection into the system and the approach to data gene l-ation. The presently available
F— ill  ITE equipment has li mited data s t imula t ion  capability. Thi s shortcoming is
overcome by usi ng digita l si mu l ation equipment invo lving a test computer. Real—time
data and dynamic fl ight  profiles would be supplied as input st imulations.  This capa-
bility would provide for the cre ation of a realistic sy stem operational environment
instead of the artificial “stati c ” situation now provided with the existi ng test equipment.

5. 6.1.4.2 Monitoring or Data Gathering . The digita l test or simulation facili-
ties would allow data gathering in real-time. Test computer control would enable
direct control of the F—il l  weapon system. During problem analysis and debugging ,
flig ht programs could be halted and examined at preth termined or sensed program
states. Thi s capability would greatly facili tate proble m isolation and is not now avail-
able with the existing ITE test equipment.

5. 6. 1. 4. 3 Creation of Uni que Problem States. It is possibl e u nder digita l  simu-
latjon to create computer program and f l ight  s i tuat ions that are un l ike l y  (low prob:~ -
bility of occurre nce), dangerou s, or expensive to duplicate under h i ve  h l i g h t  -oud ~%~ t nS.
The digital simulation facil i ty can be used to create art if icial  program states to check
the flight programs and fl ight  hardware responses to error conditions. Thi s capab i l i ty
is not available with the existing F—ill  test facilities.

Two Important test problem areas that require a dynamic syste m environment
are discussed below :

5.6 . 1.4.4 Collective Evaluation of Flight Programs. Each program (GNC ,
WDC and NCU) can be tested in a stand-alone configuration. The three programs can
also be integrated in a static compatibility demonstration test using the  ITE . In thi s
latte r test the three programs are integrated onl y during a “free ine rtial ” ru n. For
subsequent demonstration tests , th e NCU doe s not participate. Hence , neither
method ever Integrates the thre e flight programs such that they approach the opera-
tional environment . The F—ill dual computer mechanization has a number of areas
of flight program interaction. This interaction include s GNC program i nputs to the
WDC computer for weapon delivery computations ; dual compute r operation is required
for self-test and backup mode operation. The dual computer synchronization and
ti ming can only be verified by simultaneous operation of both computers. The require-
ments for dual compute r operation during an operational env i ronment requires a
source of external control and monitoring. This capability can best be provided with
a digitally controlled test setup or simulation facility.

5.6. 1 .4 .5  Man-in-the-Loop Sequent ial Testing. A large number of the F- i l l
system modes require that the crew sequence through a number of operating condi-
tions or steps in re sponse to a dynamic or changing set of system parameters. In
ger~ ral, these steps must be exercised in a systemati c sequence , usually within a
give n time period. Some of the system modes requ i ring this crew/hardware i nte r-
action Include targe t recognition, designation, weapon delivery and manual steering.

5—58

- • - -~— • —A---~~~~~~~



-~~~~~ 
-
~---- -——- 

~~~~~~~
-- •- - •  - - ‘~~‘~~

• . .

The evalua t ion  of chang e s ant! opti rit i zat ion to the crew/mcchani z a l i en parameters
cannot be s imula t e d  01 eva lua t e d  w i t h  a s tat ic  t ert  f ac i l i ty .  A means must  be provided
for real — t ime qu eu ing  ol av cn-~v and the men su rem eat or e val a at ion of the r e su l t an t
crew response. This rc j l i res dynamic  display s and other  har d~ arc responses cap-
able of s imul a t ing  th e a c t u a l  d ynamic environment . Failure to piovidi ’ d namic  test
facilities for man—in—the—loop  typ e testing will necessitate problem solution by exten-
sive flight testing.

5. 6. 2 Cost Ramifications

In order to quantize the direct cost saving potential with an F — i l l  dynamic simu-
lator, costs, schedule , and performance confidence factors of a recent effort  in
developing an updated operational fl ight program (OFP) for the F-l1lI) were examined.
These factors were then compared with their expected equivalents ; had the proposed
dyna mi c simulator  approach been available.

The task that was examined is the contractor/Air Force effort  in converting the
PID—4 operational flight progra m, with its identified operational and specification
problems, into an updated PID-5 version (subsequently identified as OFP i 12/2 12)
designed to resolve the PID-4 problems. The task had been preceded by a numbe r of
previ ous similar OFP updates and thus the examined effort is fel t  to represent a
typical update of a mature operational flight program by experienced personnel.

The subtasks to be performed were ideatified as follows:

Task

(A) Problem Analysis
Fact Finding
Problem reconstruction on available test equipment and

hardware
Problcm solution -

(B) Mechanization Change Requirements Analysis
Program optimization
Definition of mechanization requirements

(C) Software/Program Change Analysis
Definition

(D) Lab Evaluation on Available Test Equipment

(E) Initial Software/Program Changes

(F) Prepare Test and Evaluation Tapes

(G) System Compatibility Demonstration and TVT

(H) Finalize Software/Program Tapes
Sell-off

(I) Configuration Cont rol
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• (J) ECS/ ECP Docum entation

(K) - Flight Test

The above subtasks may be grouped into the following phases:

Phase 1 Tasks A and 13 Problem/Solution Definition

Phase 2 Tasks C, D, li and F Implement Changes

Phase 3 Tasks G, H, I and J Static ‘J’est Verification

Phase 4 Task K Flight Test Verification

An examination of the in-house (contractor) effort in completing Phases 1
through 3 indicates the following:

Cost: Average 12 men/month

Schedule: Seven months

Performance
Confidence: Fair confidence that new OFP will  meet all

requirements for operational use

An esti mate of the flight test effort , i . e . ,  Phase 4 , can be made based on the
presently planned F—lll1) OFP D07 115/215 validation at Canno n A F Js  (TAC Project 73
Alpha 136 F). In this validation effort , 40 sorties are pla nned requi r ing  the commit-
ment of six aircraft , four crews , the necessary supporting maintenance and other

• services and spanni ng one to two months calendar time . It has been prc~1ou sly t sti-
mated that an ave rage sortie cost s $14K. Thus, it can be estimated that  t h e  D07
115/215 validation flight test costs will be approximate ly $560 K (sustained by the
operational command).

With a detailed knowledge of the tasks Involve d In deve loping an updated opera-
tional flight program utilizing the existing methodology and test equipment , it is
possible to make a reasonable comparison to an approach utilizing the proposed
dynamic simulator. This comparison is summarized in Table 5-6.

It is is assumed that each of the F—ill models , I. e ., the D, F and FB, will
require one OFP update per yea~r, it is thu s apparent that F-il l  OFP maintenance
effort savings of approximately 3 ((33—55) ($/MM) + (490 K)) ~ $l, 700 , 000 could be
realized each year. Additionally , the schedule improvement to fou r months per ai r-
craft model OFP would permit a continuous noninterference full-time approach to the
programmi ng update effort for the three models of the F-ill. Finally, and most
significant, is the overall high performance confidence factor that the updated OFP
will meet the system requireme nts.

In addition to the F—il l  OFP mai ntenance savings, certain indirect savings
will result from use of a dynamic simulator. These savings will result from a
reduced number of anomalies experienced in flight that are not ide nt ifiable in static

~ a o n  
of problem resuits i: “retest OK” and “cannot duplicate ”



Table 5—6. F— I )  ii) Operational Flight Program Update Comparison

Without Simulator With Simulator

OFI’ OFP
Perf orm a nec Performance

Cost Confidence Cost Confidence
Task (Man-Months) Schedule Factor (Man-Months) Schedule Factor

A~ Phase l
~ 33 MM Low 23 MM 1 Month . High

B )  2 Months

C

• D Phase 2
17 MM Medium 15 MM 1-1/2 Medium

E 3 Months Month

F

G

H Phase 3
33 MM Low 17 MM I Month Hig h

I 2 Months

J

K 40 Sorties Phase 4 Medium 5 Sorties 1/2 HIgh
2 Months Month

$560K $70K

Total 83 MM 9 Months Medium 55 MM 4 Months High
& &

$560K $70K

Valid cost comparisons are difficult  to make because the results are very
depe ndent upon the accuracy of the assumptions. Autonctics has made a comparison
of potential flight test cost , with and withou t a simulator , using the following
assu mptions:

1. Ground test cost ~ill not change except for the simulator acquisition cost ,
estimated to be $1.0 million.

2. Average cost of a test flight is $14 , 000.
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3. Both S \IA MA and the operating commands would be conducting f l ight  t est .
This cor~d it ion  is s im i la r  to the exi st ing s i tua t ion  wherein both GD—F W and
TAC/SA C arc f l ight  t e s t ing  tapes.

FIgure 5—19 present s f l i ~~lit test cost t hrough a 10—year program with the number
of flights required for ver i f ic at i on  as a p a r a m e t er .  The base condition (no simulator)
considers that S~ LA MA wil l  require  six l lb h t s  to ver i f y each tape and that  TAC/SAC
will require 30 for  the F — u l l D  and ten each icr the F — l l i F  and FB- 111A. As noted
previou sly , 40 f l ights  are presently being conducted at Cannon AF’ B for the current
F— l l l D  tape verification. The alternate conditions with a simulator assume the
reduced number of veri fication flight s shown on the Figure and represent what are
felt to be realisti c extremes. It should be noted that  the annual operating cost with
simulator is the same as the base condition until the simulator becomes operational .
The simulator acquisition cost is additive and results in a cost “break-even ’ point
between the third and fourth years dependent upon number of flights required.

5. 6. 3 Personnel/Equipment Use

Simulation/dynamic testing will provide for a more efficien t use of Air Force
personnel and equipment. AFLC/SMA I~1A perso nne l can concentrate on the develop-
ment of F-ill software and system level expertise that  presently doe s not exist in the
Air Force. Operational commands will be left free to concentrate on nnrm a l  hard~ are
support and operational readiness efforts. The more efficient use of personnel and
equipment will result from deletion of extensive software development fl ight tests by
operational commands. The need for an extensive weapon deli very f l ight  test p 10-
gram , with live ordnances and the associated support personnel and equipment,  wi l l
be eli minated. The present iterative process of software problem solving using exist-
ing static test facili t ies and operational f l ight  tests results  in increased progr am
costs and reduced operational effectiveness for the FB — il l A , F-lliL) and F — l l i F
weapon systems.

Little knowledge presently exists within SMAMA or the cperational commands
i nto the details of the Ind ividual subprograms and the rationa le behind their develop-
ment. incorporation of changes to F-ill computer flight programs requires an
Intimate knowledge of system mechanization requirements and the methods of soft-
ware Implementation. Problem solution development , eve n when perfo rm ed by
cont r actor personnel who have intimate knowledge of the requirements and past

t~ !,(. Iopment history, is difficult  and time consuming in the complex areas of weapon
dcli — ‘ - r i, nav igation and fil ter computations. In addition , the task of changing F-ill -j
f i ~~~h~ p i ‘~ r~’ms is being greatly aggravated by the high degree of computer program

i i  ml:  a t lo ns necessary to meet the constraints imposed by computer memory size
.~ ~ . r i a l a h l.’ c~~-Je times. The recommended F-ill avionic si mulator/d ynamic test

- bi l l  pr ’ .o l ~’ the required degree of F—i l l  software vi sibility necessary for
I — M •~ \1.\ to  become proficient in the software maintenance. F’ailure to obtai n

~ I i t  w i l l  r esult In a long and costly learning cycle with F—i l l  software
‘~~ in g performed by a trial and error type procedure using static test

• ‘~ n~~tve  flight testing.

- . re~~j lr ement s for exte nsive flight testing by the operationaL
- ~~ . ..i ~ r~- . i s ce  the required personnel and equipment. A cu r rent

I t t i ~ P t  progra m validation effort can be seen by the afore—
it~o ‘ .st  i t t o r t s  at Cannon AFB. Air Force planni ng for the
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validat ion of the recently received “final” F— h iD operati ona l f l ig ht prog ram (t~’pe
DO? 115/215) includes 40 sorties, the use of three aircraft  it om th e op rat iona l  \ \ i ng ,
the t ie—up of three operational test and evaluat ion  (C)Tt. E) a i r c ra f t ,  three wi ng crews ,
one OT&E crew and is expected to span one to two months calendar t ime .  £xperier .ce
Indicates that when this effort is complete, however thorough ly  i t  is performed.
nu merous uncertai nties in the r eadiness of the weapon system will s t i l l  remain. The
flight test crew in an uncontrolled environment can do no more than identif y the tc~ of
“problem iceberg, ” so to speak. Testing under controlled cond i ti ons with extensive
program sequence visibility and data recording is necessary to isolate subtle pro-
granimlng and system problems. The dynamic simulator approach as out l ined in thi s
stud y is the most practical aid cost effective means of meeting the rB— l i lA , F— h iD
and F-1I1F system maintenance requirements.

5. 6. 4 Operational Capability

Perhap s the most important advantage offered by a simul ation/d yn amic test
facility is the improvement in operational readiness and weapon syste m accuracy.
Many people fail to realize that the F-ill computer software system must be evalj -
ated , tested aid maintained j ust as thoroughl y as the actual system hardware. The
complexity of the F-ill avionic system necessitates the need for a critical aid quanti-
tative evaluation of its softw are performance . With the existi ng static test faci l i t ies ,
validation of software accuracy and operational effectiveness cannot be obtaine d even
with an ino rdinate amount of operational flight testing. Durin g f l ight  tests , the & i t-
ware program inputs cannot be controlled. Interpretation of relevant results is cu:n-
plicated by stochastic environmental variables. The proposed simulation fac i l i ty
would enable control of input signals and test condition s. Weapon de l ive r~ aid
navigational program sensitivities to individual erro r factors could he observed ned
analyzed. Complex weapon delivery aid navigational f l ight  programs could be opti-
mized by repeated simulated flights under controlled cond itions. llu ~vcver , the
degree of operational improvements obtainable with this faci l i ty  is d i t l i cu l t  to qu ant i f y.
Considering the severe test limitations im posed by the present fac i l i t ie s ,  the uncon-
trolled nature of flight tests and the present iterative process of problem solving, the
expected improvements in F-ill operational capabilities would be significant.
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6. RECOMME NDATIONS AND CON CLUSIONS
6.1 G E N E R A L  

-

Based upon the areas investigated and the result s obtained , i t is concluded
that S \ IA MA  has a real need for a d igi ta l  simulation and integration test f ac i l i t y  of
the type defined in thi s  report. It is noted , howc~ er , that this  capabil i ty of and by
Itself is not the complete an~wer to SMA M A ’ s problem . Along with the described
facility and the ITE , a cadre of competent , dedicated personnel who have detailed
F—ill  software problem solving experience should be developed as soon as possible
to round-out this capability .

As time passes, knowledgeable F—i l l  contractor support is becoming
increasingly diffi cult to obtain. SMAMA should consider this factor in planning
future areas of contractor involvement and the efficiency expected from that
Involvement ,

Autonetics recommends that SMAMA:

1. Complete the upgrading/calibration of the ITE and get qualified software
personnel actively involved , full time , in de tailed examination of F — i l l
OFP statu s, problems and optimization.  This effort will serve the
immediate purpose of on—going system support as well as being a training
ground that will enable future , more comprehensive OFP work on all
three F—il l  systems.

2. Partition the work required to obtain the improved capabil i ty  described
he rein and set out to implement that work throu gh conit .dncd SMA MA and
contractor efforts as soon as possible. ~ich effort will  includ e :

a. Concentrated search throughout the government agencies for appli-
cable base software models; acquisition of those models and examina-
tion of their applicability to the F—il l  use. These models would
encompass off—line data reduction and analysis capability in addition
to the simulation models.

b. Acquisition of CMAC design details from NWC, Chi na Lake, and
fabrication of initial unit .

c. Search for possible alternate test/ simultalon processor and peripheral
supplier , and trade-off these alternates against the baseline presented
herein . Place orders for selected equipment . (P rocessor equipment
delive ry could constitute the l imi t ing schedule factor).

d. Conduct of detailed design requirements study/defi nition for the F—i l l
unique interface equipment 00DM Unit and SAS Unit) followed by initia-
tion of design/fabrication of these units .

e. Firmly bounding all of the software models/submodels based upon this
study and the results of “a” and “c” above, and initiation of software
preparation/acquisition and/or modification.
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