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ABSTRAC'I: 

The Active Cont ro l  Concepts which achieve  t h e  b e n e f i t  of improved mission 
performance and lower c o s t  gene ra t e  the  system trends.  The system t r ends  are 
towards improved dynamic performance, more i n t e g r a t i o n  and d i g i t a l  f ly-by-wire 
mechanization. These system t r e n d s  y i e l d  new a n a l y t i c a l  i s s u e s  and implementa- 
t i o n  requirements:  

. Higher bandwidth, more dynamic coupl ing,  s t o c h a s t i c  and 
d e t e r m i n i s t i c  inputs .  

. Limited c o n t r o l  power. 

. Mult ip le  c o n t r o l  loops,  more i n t e r a c t i o n ,  mu l t ip l e  and c o n f l i c t i n g  
cr i ter ia .  

. R e l i a b i l i t y  ( s a f e t y - o f - f l i g h t  requirements)  and low cos t .  

New t o o l s  and approaches have been o r  are being developed t o  address  t h e  new 
a n a l y t i c a l  and implementation i s s u e s  : 

. Q u a d r a t i c  Optimal Cont ro l  . Large Sca le  I n t e g r a t i o n  

Mult i loop Frequency Response e Microprocessor technology 

. D i g i t a l  System Analys is  . D i g i t a l  A r c h i t e c t u r e  

. Software technology 

INTRODUCTION 

Active c o n t r o l  system t r ends  are towards improved performance, more 
Most active c o n t r o l  
The b e n e f i t s  a r e  b e t t e r  

i n t e g r a t i o n  and d i g i t a l  f ly-by-wire  mechanization. 
coi1cepts are w e l l  known and w i l l  be b r i e f l y  noted. 
mission performance and lower cos t .  
determine t h e  system t rends .  

The active c o n t r o l  concepts  and b e n e f i t s  

The new a n a l y t i c a l  i s s u e s  r e s u l t  from the  active c o n t r o l  system trends.  
An active c o n t r o l  system has a f i r s t  o rder  e f f e c t  on a i r c r a f t  performance. 
More a i r c r a f t  and c o n t r o l l e r  conf igu ra t ions  must b e  analyzed. The c o n t r o l  
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design problem is  l a rge r  and more complex. 
bandwidths, more dynamic coupling, s t o c h a s t i c  and be terminis t ic  dis turbances 
and commands and l imi t ed  c o n t r o l  power. Simultaneous implementation of some 
active con t ro l  concepts y i e lds  design problems wi th  mul t ip le  sensors ,  mult iple  
responses and mul t ip le  con t ro l  loops wi th  mul t ip le  and c o n f l i c t i n g  criteria. 

The designer must consider higher 

New t o o l s  are needed t o  address  these a n a l y t i c a l  issues .  Better a i r c r a f t  
mathematical models are required.  Other t o o l s  are classical and modern 
c o n t r o l l e r  syn thes i s  and ana lys i s  approaches (quadra t ic  optimal cont ro l ,  multi-  
v a r i a b l e  frequency response and d i g i t a l  systems ana lys i s ) .  

New implementation needs a l s o  r e s u l t  from the  a c t i v e  c o n t r o l  sys tem trends. 
The designer is confronted wi th  sa fe ty -o f - f l i gh t  con t ro l  s y s t e m  requirements. 
Control sys tem c o s t  becomes a c r u c i a l  f a c t o r  i n  achieving con t ro l  configured 
vehic le  c o s t  benef i t .  

New approaches t o  m e e t  t he  implementation requirements are d i g i t a l  
mechanization, advances i n  a r c h i t e c t u r e  t o  use microprocessors and t o  achieve 
f a u l t  to le rance ,  l a r g e  scale in t eg ra t ion  and software technology. 

These top ics  w i l l  be  discussed i n  subsequent sec t ions :  

e Active con t ro l  concepts and bene f i t s  

. Control systems t rends  

. Analy t ica l  issues 

. Analy t ica l  t oo l s  

e Implementation needs 

. Implementation technology trends. 

ACTIVE CONTROL CONCEPTS AND BENEFITS 

Active con t ro l  concepts are w e l l  known and have been s tudied  e i t h e r  on 
paper o r  by f l i g h t  test  on seve ra l  a i rp l anes :  

e 

. 
Relaxed s ta t ic  s t a b i l i t y  (e.g. C-5A, F-8, F-16, JA-37) 

Ride Smoothing (XB-70, B-52, B-1, C-’jA, YF-12, JA-37) 

F l i g h t  envelope l imi t ing  (F-101, F-104, F-8) 

Maneuver load r e l i e f  (C-5A, B-52) 

Gust load r e l i e f  (C-5A, B-52, YF-12) 

. 

. 
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. 

. 
St ruc tu re  mode damping (B-52, C->A, YF-12) 

F l u t t e r  mode damping (B-52, YF-12) 

. F l i g h t  path and a t t i t u d e  coupling (B-52 d i r e c t  l i f t  con t ro l ,  C-?A, 
Advanced Fighter  Technology In t eg ra t ion  Program, C- 130 gunship). 

Other concepts which are r e l a t e d  t o  the propuls ion sys tem can be included 
i n  a l i s t  of active c o n t r o l  concepts. 

. Propulsion i n t e g r a t i o n  ( TF-30 and J o i n t  Technology Demonstrator Program) 

. F l i g h t  Propulsion Coupling (YF-12 and F l i g h t  Propulsion Control Coupling 
Program) 

A r a the r  extensive da ta  base i s  evolving f o r  these concepts [1 - 8 1 .  

The bene f i t  of a c t i v e  con t ro l  i s  improved mission performance (payoff)  
and reduced cost .  The measure of performance is  dependent on the p a r t i c u l a r  
a i r c r a f t ' s  mission. It could include payload and range i n  a t r anspor t  type 
a i r c r a f t  and f l i g h t  envelope and maneuverability i n  a f i g h t e r  a i r c r a f t .  The 
c o s t  i s  t o t a l  system l i f e  c o s t  i n  dol la rs .  The goal  is t o  maximize the  r a t i o  
payoff t o  cost .  

ACTIVE CONTROL SYSTEM TRENDS 

Active con t ro l  system trends f a l l  i n t o  th ree  ca teogi res :  

. Performance 

. In t eg ra t ion  

. Mechanization 

Improving system performance increases  the  d i f f i c u l t y  of t h e  design 
problem and can a f f e c t  the  implementation cost .  The designer  must consider  
wider bandwidths and more dynamic coupling l i k e  i n  s t r u c t u r a l  and f l u t t e r  mode 
suppression and r i d e  q u a l i t y  control .  He must design con t ro l  systems f o r  
both s t o c h a s t i c  and de te rmin i s t i c  commands and dis turbances l i k e  maneuver and 
g u s t  load control .  When w e  push con t ro l  configured vehic le  concepts t o  the  
l i m i t  the  designer  is genera l ly  faced wi th  l imi t ed  con t ro l  power. This can 
generate  a requirement f o r  f l i g h t  envelope l imi t ing  or be  a design c o n s t r a i n t  
during f l i g h t  envelope l imi t ing .  

In t eg ra t ion  is  requi red  t o  implement more than one CCV concept along with 
conventional a u t o p i l o t s  and con t ro l  and s t a b i l i t y  augmentation systems. It i s  
a l s o  a r e s u l t  of t ry ing  t o  improve performance by implementing favourable 
coupling. Control sys tem or  mode in t eg ra t ion  presents  the  designer with 
mul t ip le  sensors ,  mul t ip le  responses and m u l t i p l e  con t ro l  loops with more i n t e r -  
a c t i o n  between var iab les .  It can a l s o  present  the designer  wi th  a mul t ip le  and 
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c o n f l i c t i n g  c r i t e r i a .  Examples of the  in t eg ra t ion  t rend are the  B-52 CCV 
program, the  YF-12 Cooperative Autopilot  Propulsion Control System program and 
the  TF-30 In tegra ted  Propulsion Control System program. 

The system mechanization t rends are towards sa fe ty -o f - f l i gh t  requirements 
and fly-by-wire mechanization. Safe ty-of - f l igh t  requirements come from the  
performance requirements of some CCV concepts l i k e  re laxed  s ta t ic  s t a b i l i t y .  
TheSR.-Tl is  a s p e c i f i c  example. Safe ty-of - f l igh t  w i l l  be a requirement i f  
f u t u r e  a i r c r a f t  are designed t o  r e l y  on stress r e l i e f  o r  mode s t a b i l i z a t i o n  
f o r  s t r u c t u r e  in t eg r i ty .  Fly-by-wire mechanizations reduce c o s t  and’improve 
performance. Fly-by-wire has been demonstrated on the  F-4, F-8 and C-141. 

The mechanization t rends are towards d i g i t a l  implementation. This i s  
caused by the  c o s t  p ro jec t ions  of d i g i t a l  hardware. 
ware is he re  today on the  JA-37 d i g i t a l  f l i g h t  control .  It i s  coming soon on 
the  Space S h u t t l e  d i g i t a l  f l i g h t  con t ro l  and main engine con t ro l ,  and the  
In tegra ted  Propulsion Control System Program, Cost is the  primary f a c t o r  i n  
the  d i g i t a l  versus  analog t radeoff .  

Production d i g i t a l  hard- 

ACTIVE CONTBOL ANALYTJCAL ISSUES 

The a n a l y t i c a l  i s sues  r e s u l t i n g  from the  systems t rends and a c t i v e  con t ro l  
concepts pose a more d i f f i c u l t  design and s p e c i f i c a t i o n  problem f o r  the  buyer 
and suppl ie r .  
The con t ro l  design engineer i s  a l s o  confronted with:  

Active con t ro l  system d i r e c t l y  a f f e c t  a i r c r a f t  performance. 

. higher bandwidths 

. coupled dynamics 

. s t o c h a s t i c  and determinis  t i c  commands and dis turbances 

. l imi t ed  c o n t r o l  power 

. mult ip le  variables 

. mult iple  and c o n f l i c t i n g  c r i t e r i a  

. increased i n t e r a c t  ion 

. d i g i t a l  spec i f i ca t ions  

. extensive system t radeoffs .  

The o r i g i n  of most of  these  i s sues  w a s  discussed i n  the previous sect ion.  

Two a d d i t i o n a l  i s sues  are d i g i t a l  spec i f i ca t ions  and extensive system 
t radeoffs .  When d i g i t a l  mechanization is a candidate  i t  is necessary t o  
s e l e c t  and spec i fy  d i g i t a l  va r i ab le s :  
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. wordlength and mul t ip le  wordlength 

, computational delay and mul t ip le  computational delay- 

sample r a t e  and mul t ip le  sample rates 

This is a new ana lys i s  and design problem. Extensive t r adeof f s  between 
active con t ro l  and a i r c r a f t  concepts and conf igura t ions  are necessary t o  
optimize the  benefi t .  
and cos t  are the  i s s u e .  

Both a i r c r a f t  and c o n t r o l l e r  design and ana lys i s  speed.  

ANALYTICAL METHODS 

I n  order  t o  achieve the  p o t e n t i a l  b e n e f i t s  of active con t ro l  technology 
w e  usual ly  r equ i r e  accu ra t e  and r e l a t i v e l y  complete desc r ip t ions  of the  air- 
c r a f t  dynamics. More design i t e r a t i o n s  of these soph i s t i ca t ed  configurat ions 
a r e  u s u a l l y  required.  I 

NASA and the  A i r  Force are funding s i g n i f i c a n t  e f f o r t s  t o  develop computer 
programs t o  generate the  aerodynamic and s t r u c t u r a l  models from the s tandpoint  
of the  con t ro l  system des igners  needs and a l s o  to’develop the  programs necessary 
t o  r ap id ly  synthesize and analyze a c t i v e  con t ro l  configurat ions.  

i t i o n ,  technology can be  developed which w i l l  make the  con t ro l  
&ively i n s e n s i t i v e  t o  modeling de f i c i enc ie s  and e r ro r s .  This i s  

important “f0.r both r e l i a b i l i t y  and performance reasons.  

Modern con t ro l  technology modulation t o  t h e  w e l l  developed classical 
techniques present ly  ex is t  t o  a i d  the  designer. These are i n  the  a reas  of 
Opt imal  Control. D ig i t a l  Control and Mult iple  Input/Output Control. 

OPTIMAL CONTROL. Quadra t ic  optimal con t ro l  synthes is  techniques makes it 
r e l a t i v e l y  easy t o  handle: 

. mult ip le  con t ro l  inputs  

. mult ip le  sensor outputs  

. mult ip le  responses 

. mult ip le  c r i t e r i a  

. s t o c h a s t i c  and de te rmin i s t i c  commands and dis turbances 

. d i g i t a l  and analog mechanizations 

. cons tan t  or  t i m e  varying dynamics 

. s h o r t  and long mission segments. 

These f ea tu res  were recognized back i n  the  e a r l y  sixties. Since then over 30 
man-years of development have gone i n t o  making the  quadra t ic  optimal methodol- 
ogy a practical  design t o o l  a t  Honeywell [ g - l d ,  probably many t i m e s  t h a t  
e f f o r t  have been c a r r i e d  on throughout the  United S ta tes .  These developments 
of t he  quadra t ic  design methodology have been d i r e c t e d  towards: 
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. lowering the  design c o s t  

. improving con t ro l  system performance 

. cons t ra in ing  the  designs t o  s i m p l e r  hardware 

. automated modeling 

. cons idera t ion  of t h e  da t a  and model unce r t a in t i e s .  

Today the  quadra t ic  design methodology f o r  c o n t r o l l e r  synthes is  is a design 
and ana lys i s  software package. It can be used to :  

. configure con t ro l  systems 

. compute c o n t r o l  l a w s  

. evalua te  con t ro l  s y s t e m  performance 

. perform extremely r ap id  t radeoffs  between competing configurat ions 
and con t ro l  l a w s .  

The u l t ima te  b e n e f i t s  of t h i s  design t o o l  are: 

. mission o r i en ted  performance 

. lower design c o s t  

. b e t t e r  performance or  cheaper hardware 

. c o n t r o l l e r  designs f o r  complex systems. 

MULTIVARIABLE FREQUENCY DOMAIN. It i s  necessary t o  take  a new look a t  the  
s t a b i l i t y  c r i t e r i a  when systems o r  CCV concepts are in tegra ted  and mul t ip le  
con t ro l  loop designs are implemented. Vector frequency response o r  mult iple  
va r i ab le  frequency response is a gene ra l i za t ion  of c l a s s i c a l  ga in  and phase 
s t a b i l i t y  margins. It i s  v a l i d  and meaningful f o r  mul t ip le  loop systems 
[13-161. 
coupled systems. 
s p e c i f i c a t i o n  or improve the  design. 

This concept can be  used t o  write spec i f i ca t ions  f o r  i n t eg ra t ed  or  
It can a l s o  be used i n  the  design process t o  achieve the  

DIGITAL CONTROL. D ig i t a l  implementation confronts  t he  designer with a new 
problem - spec i fy ing  d i g i t a l  var iab les .  
con t ro l  l a w s  t o  m e e t  performance spec i f i ca t ions ,  the  systems engineer has put  
together  con t ro l  modes and switching and the  c i r c u i t  engineer has designed the  
hardware. I n t e r a c t i o n  between these  three  funct ions was minimal. I n  a 
d i g i t a l  implementation the  ana lys t s  con t ro l  l a w  performance i s  dependent on 
hardware va r i ab le s  (wordlength and computer speed) and system or software 
va r i ab le s  (sample ra te  and computational delay).  

In the  p a s t ,  the  ana lys t  has designed 

Designing d i g i t a l  con t ro l  laws can b e  accomplished severa l  ways: 

. d i g i t i z e  analog design 

. d i r e c t  d i g i t a l  design (classical or optimal) 
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No matter what technique i s  used the  i s s u e  remaining is what values  of t he  
d i g i t a l  va r i ab le s  are acceptable.  The d i g i t a l  va r i ab le s  can be spec i f i ed  
by d i g i t a l  a n a l y s i s  software. This software must compute performance and 
s t a b i l i t y  measures as a func t ion  of the  d i g i t a l  system v a r i a b l e s ,  i.e., sample 
rate, wordlength, computational delay o r  mult iple  values  of t hese  variables. 
The performance and s t a b i l i t y  measures include such th ings  as p o l e  and zero  
loca t ions ,  ga in  and phase margins, rms and d i s c r e t e  responses and frequency 
res onse. Rapid ana lys i s  by tbis software can y i e l d  precise spec i f i ca t ions  
c175. 

D i g i t a l  con t ro l  a l s o  y i e l d s  new capab i l i t y  l i k e  nonlinear con t ro l ,  adapt ive  
con t ro l ,  long memory and t i g h t  tolerances.  These new c a p a b i l i t i e s  t o  da t e  
are l a rge ly  unexploited. 

IMPLEMENTATION NEEDS 

The implementation needs t h a t  r e s u l t  from the  a c t i v e  con t ro l  system trends 
are ipcreased system r e l i a b i l i t y ,  lower cos t ,  and s i z e  and weight improvements: 

. Increased system r e l i a b i l i t y  - The s a f e t y  *of f l i g h t  requirements 
of a c t i v e  c o n t r o l l e r s  demand improvements i n  sys tem r e l i a b i l i t y .  
This can be achieved through a combination of improved component 
r e l i a b i l i t y  and through ex tens ive  and e f f e c t i v e  redundancy t o  achieve 
f a u l t  tolerance.  

. Reduced c o s t  - I n  order  t o  r e a l i z e  the  pred ic ted  improvements i n  
performance i t  i s  important t h a t  implementation costs do not  increase.  
Since the  computational funct ion required f o r  a c t i v e  c o n t r o l l e r s  are 
increased, the  implementation c o s t  p e r  func t ion  must decrease. 

. Size  and weight improvements - Again the  performance gains  pred ic ted  
through the  use  of a c t i v e  c o n t r o l l e r s  can be maximized i f  t he  
implementation s i z e  and weight of the  c o n t r o l l e r  can be reduced. 

IMPLEMENTATION TECHNOLOGY TRENDS 

There are a number of cu r ren t  developments and t rends i n  d i g i t a l  system 
implementation technology t h a t  w i l l  con t r ibu te  t o  s a t i s f y i n g  t h e  implementation 
needs discussed i n  t h e  previous sect ion.  These t rends and Weir a n t i c i p a t e d  
impact are discussed below. This s e c t i o n  deals erdclusively wi th  d i g i t a l  
implementation technology s i n c e  t h a t  i s  where the  most s i g n i f i c a n t  gains  can 
be expected. 

LARGE SCALE INTEGRATED CIRCUITS. The a v a i l a b i l i t y  of l a r g e  scale in t eg ra t ed  
(LSI) c i r c u i t s ,  i n  which hundreds of l og ic  func t ions  are implemented on a s i n g l e  
chip,  i s  allowing implementation of d i g i t a l  systems wi th  improvements i n  both 
c o s t  and r e l i a b i l i t y .  
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The major impact w i l l  be from standard (of f  t h e  s h e l f )  LSI which w i l l  be 
ava i l ab le  i n  increas ingly  complex func t iona l  bui lding blocks. 
t hese  w i l l  s a t i s f y  commercial specs, 25 percent  w i l l  s a t i s f y  extended thermal 
specs, and 5 percent  w i l l  s a t i s f y  m i l  specs. 
are: 

In  1978, a l l  of 

Some of these  bui ld ing  blocks 

. Memory modules - RAM'S (Random Access Memories), RON'S (Read Only 
Memories), and EAROM'S ( E l e c t r i c a l l y  Al t e rab le  ROM'S) w i l l  be a v a i l a b l e  
a t  lower cost as the  number of b i t s  p e r  ch ip  increases .  This not  only 
impacts c o s t  d i r e c t l y  but  i t  a l s o  allows more modular a r c h i t e c t u r e  
t o  be used s ince  small memories are economical. 

. Programmable Logic Arrays - These are complex func t iona l  bu i ld ing  
blocks t h a t  are programmable t o  allow performance of a number of 
d i f f e r e n t  l o g i c  functions.  

. Microprocessors - LSI i s  making i t  poss ib le  t o  implement microcomputers 
a t  extremely low cost .  
are discussed later i n  t h i s  sect ion.  

More on microprocessor t rends  and t h e i r  impact 

Custom LSI  w i l l  a l s o  be ava i lab le .  In those cases where t h e  func t ion  
cannot be conveniently implemented with s tandard LSI,  custom LSI ean  be 
j u s t i f i e d  f o r  s u r p r i s i n g  l o w  volumes. 
volume of less than 100 systems, ( t h e  sample  system cons is ted  of 900 ga te s  of 
random log ic )  i t  is  c o s t  e f f e c t i v e  now t o  use custom LSI as compared t o  s tandard 
Small Scale  IntegrationlMedium Scale  In t eg ra t ion  (SSI/MSI) implementation. 
A t  a volume of 1000 systems, t h e  c o s t  advantage ( including both recur r ing  and 
non-recurring c o s t s )  i s  near ly  an order  of magnitude. 

In  re ference  18 i t  is  shown t h a t  f o r  a 

LSI, e i t h e r  s tandard or custom, o r  a combination of t he  two w i l l  provide 
major c o s t  advantages now and increas ingly  so i n  the  future .  

The use of LSI implementation a l s o  provides advantages i n  terms of 
r e l i a b i l i t y ,  p r imar i ly  because of a reduct ion both i n  the  number of I C s  and i n  
the  number of interconnects  i n  the  system. 
t y p i c a l  d i g i t a l  subsystem of 5Ob gates  of random log ic ,  an  order  of magnitude 
r e l i a b i l i t y  improvement can be r ea l i zed  with LSI implementation as compared t o  
s s I/MS I implementation. 

Reference 18 shows t h a t  i n  a 

LSI  implementation w i l l  a l s o  provide s i g n i f i c a n t  improvements i n  s i z e  and 
The sample system of weight compared t o  the  s tandard SSI/MSI implementation. 

Reference 18 shows more than order  of magnitude improvement. 

MICROPROCESSOR TECHNOLOGY. The LSI technology has spawned a s i g n i f i c a n t  new 
technology c a l l e d  microprocessors. The microprocessor i s  defined as a 
s tandard programmable LSI which c o n s i s t s  of a paral le l  a r i t hme t i c  u n i t ,  a 
c o n t r o l  u n i t ,  and a genera l  purpose p a r a l l e l  da ta  bus f o r  memory and ex te rna l  
device communications. This ch ip  ( o r  chip set) can be combined wi th  LSI 
memory ch ips  t o  r e a l i z e  a general  purpose microcomputer f o r  extremely low cost .  
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These microprocessors (commercial spec )  are now being manufactured i n  high 
volume by semiconductor vendors. It i s  pro jec ted  t h a t  by 1978, 200K ins t ruc-  
t i o n  pe r  second microprocessor chips  (o r  ch ip  sets) can be purchased f o r  from 
$15 t o  $25 each i n  volumes of 100 o r  more. 
computers can be implemented f o r  as l i t t l e  as $200 t o  $400. While extended 
spec and m i l  spec microprocessors w i l l  undoubtedly c o s t  more, they w i l l  be  
ava i lab  le. 

Thus 8 b i t  and 16 b i t  micro- 

These microcomputers, having the  programmability of conventional genera l  
purpose computers, w i l l  be used i n  two ways: 

. t o  perform computational funct ions 

. t o  rep lace  hard-wired log ic  

I n  both appl ica t ions  a s i g n i f i c a n t  f a c t  i s  t h a t  t h e r e  i s  no longer a dr iv ing  
f o r c e  to  use  the  device e f f i c i e n t l y .  System l e v e l  c o s t  t rade-of fs  tend t o  
l e a d  t o  dedicated use of t hese  devices f o r  c e r t a i n  funct ions even though t h i s  
may r e s u l t  i n ,  f o r  example, the  device being kept busy only 20 percent of the  
t i m e .  This leads t o  important new t rade-of fs  i n  t h e  area of system a rch i t ec tu re ,  
which is  discussed next. 

ARCHITECTURE. 
conf igura t ion  of the  bui lding blocks of the  system. The s i g n i f i c a n t  t rend 
here  t h a t  w i l l  he lp  s a t i s f y  the  implementation needs of advanced f l i g h t  con t ro l  
systems is a t rend  towards more d i s t r i b u t e d  systems. From a d i g i t a l  computer 
po in t  of view, t h i s  means networks of minicomputers or  microcomputers r a t h e r  
than the uni-processor a rch i t ec tu re .  The low c o s t  of the  computer modules w i l l  
l e ad  t o  dedica t ion  of a computer module t o  a s p e c i f i c  funct ion r a t h e r  than t i m e -  
shar ing  o r  multi-programming t o  allow a computer module t o  handle severa l  
functions.  This is  done pr imar i ly  to  reduce software cos ts ,  p a r t i c u l a r l y  the  
execut ive program. 

By system a r c h i t e c t u r e  we mean the  o v e r a l l  organizat ion o r  

Extensive research  and advanced development a c t i v i t y  i s  going on now on 
d i s t r i b u t e d  computer systems wi th  emphasis on bussing techniques and execut ive 
techniques 191. The d i s t r i b u t e d  computer approach has the  following p o t e n t i a l  
pay off  s : 

. Cost - Since the re  is  only one computer bui lding block i n  the  system. 

. Expandabili ty - Since  t h e  bussing and execut ive w i l l  al low a v a r i a b l e  
number of computer modules t o  be present.  

. Fau l t  to le rance  - Techniques are needed to  provide backup i f  a module 
performing a cr i t ical  func t ion  should f a i l ,  
required i n  t h i s  area bu t  s ince  a l l  computer modules a r e  i d e n t i c a l ,  
it holds promise of being a b l e  t o  s a t i s f y  f a u l t  to le rance  requirements 
without  high l e v e l s  of redundancy. The use  of the  small dedicated 
bui lding block allows redundancy t o  be app l i ed  t o  varying degrees 
throughout the  system depending on the  c r i t i c a l i t y  of t he  funct ion being 

Much more work is  

941 



performed, 
t h i s  system so s p e c i a l  purpose hardware f o r  f a u l t  to le rance  may be 
requi red  f o r  it. 

The interconnect ion mechanism i s  a cr i t ical  resource i n  

SOFTWARE, A t rend  towards using a l i b r a r y  of software modules which can be 
t a i l o r e d  and l inked t o  f i t  the  software requirements of a s p e c i f i c  system w i l l  
have important impacts on both system cost and r e l i a b i l i t y .  This i s  a 
s i g n i f i c a n t  change from cur ren t  av ionics  software p rac t i ce  i n  which ad hoc 
techniques are used on a system by system bas i s ,  producing software t h a t  i s  
both expensive and unique. 
modules t o  s a t i s f y  a new requirement a l s o  con t r ibu te s  t o  r e l i a b i l i t y  because 
v a l i d a t i o n  and v e r i f i c a t i o n  of the  software w i l l  tend t o  be more complete. 

Being a b l e  t o  select and t a i l o r  a l ready va l ida t ed  

A t rend  towards the  use of higher order  languages is  a n  important 
companion 
fe rab le '  from one computer t o  another. 

of the  l i b r a r y  of modules t rend i n  order f o r  t he  l i b r a r y  t o  be trans- 

SUMMARY. 
appear t o  be achievable  due t o  t h e  following implementation technology trends: 

The implementation needs of higher r e l i a b i l i t y  and reduced c o s t s  

. Large Scale In tegra ted  C i r c u i t s  can provide today order  of magnitude 
advantages i n  c o s t ,  r e l i a b i l i t y ,  and s i z e  and weight compared t o  
s tandard SSI implementations. 

. Microprocessors are r ap id ly  becoming a v a i l a b l e  a t  extremely low costs .  
It is pro jec ted  t h a t  200K i n s t r u c t i o n  p e r  second microprocessor ch ip  
sets s a t i s f y i n g  commercial specs w i l l  be available a t  $15 t o  $25 each. 

. Dis t r ibu ted  computer a r c h i t e c t u r e  cons i s t ing  of a v a r i a b l e  number of 
i d e n t i c a l  computer modules interconnected by b u s s e s  a r e  being developed. 
These a r c h i t e c t u r e s  have p o t e n t i a l  advantages i n  hardware c o s t s  and i n  
s a t i s f y i n g  f a u l t  to le rance  requirements. 

. Software t rends towards re-use of software through use of a l i b r a r y  
of modules w i l l  pay of f  i n  terms of both c o s t  and r e l i a b i l i t y .  
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