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ABSTRACT

New integrated c¢ircult signal processing devices introduced by several manufacturers are
usually considered to be for specialized applications. However, it will be shown that these
devices are "ideally” suited for the real-time simulation of whole classes of dynamie subsys—
tems. Furthermore, these devices could be used to replace analog components and/or hardware
which are subject to aging, drifting and other factors that result in maintenance .problems.
Since practically all training devices invaive placlng a tralnee in a realistic dynemic en—
viromment, these devices could impact the training device industry much like the GF digital
computer. The technological techniques required to utilize these new signal processing chips
will be presented. Finally, a survey of training devices that cculd be improved or reduced
in cost by using these mew devices will be presented.

INTRGDUCTION

At present, there are two prominent manufac—
turers committed to capturing the emerging LSI
(including single chip applications) signal pro-
cessing market. Their alternate appreoaches to
this market are best presented in a tabular form
- see Table 1. Jin brief terms, one has embarked
on a fixed point processor approach, whereas the
other has chosem a £floating -point processor
design approach. The fixed polnt approach is
easler to implement in terms of current technol-
ogy, and as such is more mature (approximately
two years old). On the other hand the floating
point appreoach shows much more potential in
terme of broad-based applications, e.g., compact
spectrum measuring devices wusing FFT chips,
statistical analysis devices, array processing
etc. As a bonus, the floating peint processors

TABLE 1. FIXED VS. FLORTIKG POINT PROCESSORS

Toplcs Remarks
Fixad Polnt Fleatlng Polnt
1. Makeh Qps Fixed Point-acaling Fleating Fointaepo sezling
problems problemns
2. Spaed Comparable Comparable
3. Deaign Easy with single chip Relatively complex, requiring

and ssftWare tools a complete unigue procedurs

for each application

L. Continucua Virtually impcasibla
progran= (memory not dccesalble) still a rather dirficult
mabllity eX&apt for analog contrel deaign problem

of center frequency, stc.

GCompletely achievable but

5. Zvoluticn Rather mature Rather early in davelopment

phase
6. Alterna Limitad to dynamic Most promise for FPT, atatls-
tives models and apecial nop~ tical analysls, array pro=

ressing, eto. - bur
accompanied (s:ill) by
involved dasign steps.

1insar subaystsza

de not have the difficult and “pesky” problems
associated with scaling fixed-point processors.
Several other -manufacturers have committed
resources to enter this marketf. . Still  others.
should be considered as competitors by wirtue of
thelr powerful general purpese wmicrocomputer
lines which can be applied to varied and sundry
signal processing applications.

When -one considers the millions of. dollars
that manufacturers have committed to: manufactur— -
ing and marketing of newly emerging signal pro—

. cessing chips (and chip families), one must ask

where and how can these technologies be applied
to trainers. Hopefully, some of these questions

“can be angwered.

WHAT ARE STCNAL PROCESSING CHIPS?

It is unfortunate that the words "digital
signal processing” or "Processors” and "digital
filters” have become the bywords for devices
that are more accurately described as real-time
digital dymamic simulators or implementations.
Traditionally, managers and planners tend . to
think spectrum shapers or band limiting devices
when referring to filters. Similarly, signal
processors are thought of as communication pre-
and post-signal conditioners. It is important
to note that these devices can be used to imple-
ment any reasonable size dymamic real-time digi-
tal model, such as:

1.. Digital controllers for analeg servo-
systems.

Training seminars have been conducted on nation—
al and internationmal.  levels for their sales/
marketing personnel — and them followed up with
free {as token costs) seminars in  all  areas
devoted to marketing their sigpal processing
components.
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of analog
systems,

combinations
spring-mass

2. Replace whole
devices;  e.g., circuits,
motor ¢ontrollers, etc.

3. Simulate dynamic analog devices of any
type in addition to implementing digital filters
and signal processors. In fact, these. devices
show -promise Ffor K designing inexpensive signal

generators, electrical measuring devices, tume—
able filters, etc.
Finally, it should be  noted that the “general

class™ of signal processing chips should iunclude
special purpose preand post—filters te intexrface
junctures, - FFT spectrum analysis chips, high-
speed floating point multiply/divide processors,
ete. These specialized deviczes also play a role
in processing signals although they are not as
prevalent as dynamic subsystem simulators.

TRAINING DEVICE APPLICATIONS

The ability of this device teo simulate dy-
namic medels in software, to construct dynamic
models in hardware supported by software;, and to
construct dynaric hardware, has potential pay-
offs in many areas of training devices. As one
example of each of these, consider:

A war game simulation where many dynamic
vehicle situations interact together to pro-
duce Monte Carle type results designed to
determine %kill raties, logisties problems,
etc. These type problems are highly depen—
dent on software development and clever
medel formulation.

A flight simulator where countless serves
drive motiom bases, visual optics, and con-
trol loading devices for input control such
as rudder pedals. The success of these de—
vices depend on - implementing servo - syStems
with carefully dJdesigned serve compensators
and controllers that permit the simulated
device and its environment. to. be useful for
training.

A satellite tracker trainer where dish drive
servo welocity limits are far below £ield
units for safety purposes. Then substantial
savings are realized by specially designing
small scale units that behave like the field
units in every. respect except for angle rate

limitss Hardware redesign- is thetefore
necessary te meet these perfermance reguire-
ments.

‘In view of the processor’s ability to be
substituted for the software, interface/hybrid,
and . hardware elements of trainer simulation sys—
tems, its potential as a high bandwidth adaptive
controller becomes apparent.

Simulators are naturally Iimited iIn system

_small

cue requirements by control of the system. hard-
ware/software that adapts (or optimizes) it for
the task.

The processor can be programmed and combined
with other  chips to provide platform drive sig-
nal shaping as a function of specific input var-
iables that characterize a task (e.g., carrier
landing). TFor example, it may be desirable to
change wmotion platform gain as a Ffunction of
slant range to carrier or average stick imput
deviation from trim to 'accentuate cueing for
inputs. Since . large inputs are less
likely as the aircraft approaches the carrier,
the platform cueing range is centered arocund a
smaller, localized aireraft acceleration range.
This would be accomplished using the processor
by dmplementing filters in the software and
modifying the filter gain arnd bandwidth as a
function of slant range.

A SPECIFIC EXAMPLE

0f the many potential applications discussed
for use of the "microprocessor on a chip”, let's
ronsider a typical state—pf~the—art f£light con-
trols  loading device. This device, which is
used in. almest all flight simulators generates
realistic control stick forces, with extensive
use of =analog circuit cards for sigral shaping
functions. All-analog systems are generally
preferred because of bandwidth requirements as
high as 100 Hertz. - Since the fixed point type
of signal progcessor can be operated .at sampled
data rares of more than 10,000, it is ideally
suited for the flight control loader devices.

A typical contrel 1loader is illustrated in
Figure 1. Analog circuit cards are used for
stabilization of the control loops and for gene—
ration of the loader forcing functions  such as
gradient and friction. Typically, several ana—
log cards are required for each control chan—
nel.

Figure 2 shows the same loadef, except with

the "processor omn a chip” replacing the analog
. cards and other analog shaping circuits. Thus,
complex analog . circuitry with dIinherent aging,

drift,

-and their simulations

performance when compared to the real world sit— -

uations they simulate. The hardware simply does
not have, and in cases does not need the range
and fidelity of the real world. For example,
motion platforms wcannot generate the complete
range of acceleration cue characteristics of a
particular aircraft. However, since these
requirements are task dependent, the system per-
formance may be optimlzed as a function of task
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and maintenance considerations are re-
placed with the predictability and low mainten-
ance qualities of a sampled data system.

In summary, requirements for dynamic systems
exist throughout the. scope
of training devices. In view of the previous
discussion "What are Signal Processiag Chips”,
it must be condluded that these (typical train-—
ers and training device) areas all represent ex—
cellent candidates for signal processor chips.
Furthermore, the standard general purpose digi—
ral advantages still apply, e.g.:

be | re— _
software

models can
simple

EPROM based dynamic
designed/modified via
changes.

Redundant hardware simplifies logistics and
maintenance, not t¢ mentionm capital savings.

System repeatability is assured for tradning
mods and correctiouns.



SIGNAL PRCCESSING TECENOLOGIES

The technologival background that designers
must possess to implement systems and subsystem
designs based on signal processors. fall into twe
basic categories. First, there is the general
area. of ¥FT/Spectrum . Analysis applications ap-

plied to such problems as Spectrum Signature
Analysis oxr System identification. These prob—
lems require engineers/designers trained in

noise and communication, FFT algorithms formula-—
tion, discrete and continuous signal spectrums,
etc, At least some graduate level work is
needed for these type problems.

The second category of dynamic system model—
ing is typically unfamiliar to most engineers,
but its level of expertise requirement makes it
easy to master, even on a part—time basis, for
the dedicated designer. The following areas of
study with clarifying comments should serve to
place the technelopies required for signal pro-
cessor type designs in perspective.

1. Continuous dynamic system modeling — an
area that each engineer should possess by virtue

of his differential equations, c¢ircuwits, linear
contrels, ete., background.

2. Discrete dynamic medeling - an area
missing in many engineer's background. However,

this area is usually easily mastered by relating
to 1. above and studying difference equations -
transforms and discrete models from texts such
as DeRusso, Roy and Close, Cadzow's and Kuo's
books on sample data control systems {(1,4,5,6).

3. Discrete
tions an area

and continuous system rela—
best mastered by studying
digital filters. Here the best approach is to
review continuous filters; (such as Butterworth,
- Chebyshev, Elliptie, ete.) and then  study the
digital filter impulse invariant, step invari-

ant, bilinear transform, and other methods of
digiral filter designs, which are topies in
“standard digital filter texts such as Oppen-

heim's or Antinov's (7,8).

NOTE: Again "digital filters" may be mislead-
ing. The goal and result here is to master dy—
namic discrete modeling (on digital computers of
real-world continucus dynawmic models which rep-
resent the environment of trainers).

4. Digital hardware implementation - _an
area almost all engineers have some background
in. - Assuming areas 1. through 3. above were
mastered and a discrete H{Z) discrete model was
frozen, then the steps of design for the chip
would be:

(a) Code
language (9).

{(b) Using a development-  system,
the asgembler and generate an assembly fille.

the H(Z) model in assembly

evoke

{c) With the software, obtain an ob-

ject file of the H(Z) model.

(d) Evcke the simulator software and
verify the design by input/output test function
runs (10).

(e} Using the support software and a
PROM burner, program the EPROM with the H(Z)
ebject code.

(f)- Test and evaluate the final de~

-sign.

__Thus, because of the rather broad technolog-
ical background required for signal processing.
design, the area has been slow to develop. Ewven
so, approzimately six months. of part-time study
with cne or two shert courses can bring mest
engineers up to speed. This has been. typically
reduced to three months {(one quarter course} fer
those with mierocomputer system design back-

-ground.

CONCLUSIONS

It has been postulated that signal process—
ing L8I technclogical developments will impact
the training device industry primarily because
economic savings can be realized through:

i. Reduced capital costs
2. Reduced maintenance costs
3. Reduced modification and review costs

{via software desipn)

Other benefits ineclude:

4. Repeatability ,
5. Immunity to aging
-6. Reduced size, weilght, accuracy, etec.
7. General pufpose- hardware -H-bquantity
prices.
In view of these potential payoffs, the fol-

lowing conclusions are appropriate:

1. Steps should be taken to utilize signal
processor LSI technology throughout applicable
trainer designs. Considering the mnillions of
dollars committed by manufacturers to real-time
integrated circuits signal processor desigm, it
is obvious that manufacturer market research has
identified a2 multi-billion dollar application
area with substantial advancement in technology,
as well a2s alternate design approaches te “old”
problems with substantial - economiec savings

. {companies are sinking wmillions iInto hardware

development and marketing).
conduct "running” nationwide seminars and are
introducing new chips and support chips. “Ia-
side info" indicates "new wversion” integrated
cireuits masks have gone to production.

For example, some

2. Industry, Academia, and - Government-
agency engineers and scientists must be educated
and prepared to take advantage of the snew signal
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processing — or discrete system and/or simula-
tion design hardware. To do, so requites pre-—
planning and training of the related _work
forces.



3. Although the fixed point approach has . ABOUT THE AUTECRS
encountered some difficulties with early produc- - - s =
tion chips, it seems these problems will subside

in view of new designs on the horizon. The - Dr. Fred 0. Simoms, Jr;, PE
maturity of this technology indigates immediate Professor of Engineering .
utilizatien. University of Central Florida

Orlando, FL 32816 N
4. The new floating point processing sup~ o
port chip families are moving. a little slower.

At this time it is probably prudent to prepare Mr. G. B. HBrowder
for their uwse rhrough training measures - but Electronics Engineer
hold off a little longer on real designs. Small NTEC, Code N-732Z
special purpose designs may be appropriate to Orlando, FL 328132

undertake now.

Mr. S. K. Butrimas
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