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INTRODUCTION

The concept of large-scale weapon system simulators for
the purpose of training the reguired highly skilled military
operating personnel has been influenced considerably by the
advent of the modern economical digital minicomputer  which
not only lends itself to conveniently handling all the centra-
lized bookkeeping operations reguired for large-scale simula-
tions, but it can also function to generate dynamic variables
for simulated subsystem components. In fact, in almost all

- cases the latter function will represent a large majority of
the digital processing required to service large-scale simula-
- tors. Since interfacing technigues can influence the digital
processor load for this latter function by several hundred
pPexcent, it is of prime importance to exercise careTul consider-
ation for the manner in which all dynamic subsystem variables
L are interfaced. To this end, the purpose of this presentation
. is to present analog hardware, digital hardware, and digital
: - software interfacing techniques which can be traded off with
digital processing requirements to realize economical savings
in a proposed simulator/trainer system.

ANAL.OG HARDWARE INTERFACING TECHNIQUES

The term "analog hardware interface" is used here in the
modern context; namely, the hardware may contain logic devices
(gates, electronic switches, etc.) but these serve only to
operate on analog signals. Usually the analog intexface hard-
ware can be considered to be driven by a DAC (digital to analog

] converter) analog voltage subject to discontinuities produced
by digital update inputs. From this discontinuous* analog
signal, the function of the analog interface hardware will be
to provide a smocthed signal suitable for driving the appropri-
ate input to a given training device. '

~The "brute force" means of data smoothing is to simply
specify an update rate fast enough that DAC output changes will
not exceed a required signal resclution. For example, let it

* In actuality, the voltage slopes between levels will exhibit
g velocity~limiting which is primarily a function of DAC output
.. saturation current levels and DAC output loading.
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be required to provide an analog output with a resolution of

0.1% of maximum value, If this wvariable is derived from a e

digital system simulation whose maximum eigenvalue, Am, is "

10 (1/sec.}, then the regquired update period, Tuds is given by

0.001
ATt

Tud = = 10~4 {sec.) (1)

whereas the sample period, T, used in the simulation could be
approximately

- 1 S - = =
T = 0.1 5= T 2)

as obtained by invoking the Lomax Conjecture.lfz* From (1)} and
(2}, it is implied that the digital simulation needs only to
‘update the computational algorithm every 100th of a second but
the DAC output needs to be updated every 100 microseconds., If
analog hardware is used for data smoothing, a 100-to-1 proces-—
sor time savings could be realized. To illustrate, consider
two alternate approaches.

. The first approach, whigh is to use standard sample and
hold devices (zero-order hold, first~order hold, etc.),3r
should be used if delays from the "input" to. the output of the
analog interface device cannot be tolerated. The basis for
designing such an analog interface device is depicted in the
analog/hybrid _program of Figure l(a) which was taken from : "
earlier work.2s6,7 To illustrate how the program functions,
an exaggerated form of the input-output functions are depicted
in Figure 1l(b). 1In effect, for first-order hold operation,
the program (and any device designed on the basis of the pro-
gram) attempts to predict the variable between sample instances
based on the last two samples,and when a sample period (a DAC
update) occurs, the output is updated to the new corrected’
value. The operation of the program in Figure 1 is to generate

xp (6) =% (£)
T hd

Xh{t) = xp{t) + nT>t>(n+1)T (3)

which is precisely the first-order hold extrapolation of Xny
the digital number sequence which represents the dynamic vari-
able x(t). RUN goes "hi" when the simulation starts and FF1
(flip-flop) toggles at each update period thereafter. Since
FFl is. "lo" initially, TS 1 & 2 (track/store) are in track to
insure not drifting to saturation while integrators 3 and 4
are in IC for the same reason. Subsequently, the T/3 (inte-
grators) alternately initialize and track (operate) to produce
xn(t) as set forth in (3). A design based on this program
would include the ultimate refinements in that speed of opera-
tion is only limited by the amplifier velocity-limits. For

* Superscripts refer to references in LIST OF REFERENCES. s ‘i
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slower variables, the amount of hardware could be greatly re-

duced. , .'

Obviocusly, the first approach would result in substantial
savings in the digital processing reguired for the digital
simulation variable that was discussed earlier - T,q and T
given in (1) and (2). However, one should not be deceiwved, the
full 100-+o -1 saving cannot be realized because of the accumula-
tive sample, track, and store errors. Furthermore, the basic
process of prediction is differentiation, a noise producing
. process. With care, a 10-to-l savings in update rates could be
realized which is more than adegquate for justifying trade-off
considerations between analog hardware interface units with
digital processor requirements. It should be noted that such
trade-offs should consider analog interface designs based on
other extrapolator (sample-hold) forms; e.g., second-order
hold, exponential-hold, etc.

The second approach to analog hardware interface design
represents the antithesis to the first in that the hardware
functions basically as an integration scheme to perform inter-
polation. The design of such hardware could be based on the
data reconstruction model8:? of Figure 2(a) which depicts a
completely general interpolation scheme. The type of intexr-.
polation is determined by the selection of Fyg(s) whereas n
determines the order. The model of Figure 2(b), a simple form
of 2(a), could serve as a basis for designing a first-order )
linear data smoothing interpolator with the corresponding "
variables displayed in Figure 2{(c¢) which is self-explanatory. .

The form for the Ffirst-order extrapolator cutput of Figure 2(c)
is given by

Xelt) = x,_q(£) 4 T £ nT<e<(n+l) T (4)

This second approach to analog hardware interface design
has the inherent disadvantage that a one update period, Tyug,
delay cannot be avoided. However, the output experiences no
discontinuities such as those present in data extrapolators--
compare Figures 1l(b) and 2(c). 1In addition, it may be possible
to modify the digital simulation to account for this Tyg delay
depending on the purpose and origin of the signal. If this
correction is possible or if it doesn't matter, then the full
savings discussed relative to equations (1) and (2) could be
realized} namely,a digital processing saving of 100-to-1 could
be realized for servicing a signal with characteristics des-
cribed by (1} and (2}.

DIGITAL HARDWARE INTERFACING TECHNIQUES

Digital hardware interfacing techniques will be defined == gy
as those technigues that involve data smoothing hardware with - "
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both digital input and output. To illustrate, consider the

hybrid servo-lens position drive system of Figure 3.10 aAssume ,

it is desirable to drive it with the signal whose update para- '
meters are once again described in equations (1) and (2). Such
an assumption is reasonable since typically these systems are
characterized by high resclution and slow tracking speeds. 1In
the present form the proposed hybrid servo of Figure 3 would
drive the lens to track very small digital step input increments..
However, the digital hardware in the servo control logic could

be easily designed to--according to the assumpticons in (1} .and
(2) --accept digital steps 100 times as large with a 100-to-1
reduction in update rate and simply synchronously apply one
one~hundredth of the total step input every 100 microseconds.
Such design is practically trivial with modern available IC

logic components. -To synchronize digital hardware -interfacing,
one could utilize the interrupt functions in modern digitals or
simply exercise care in the timing of service from the digital.

DIGITAL SQOFTWARE INTERFACING TECHNIQUES

Digital software techniques as applied to interface con-
siderations which could be used to reduce digital processor
loads can be divided roughly into the following classes:

i, The inclusion of simple data-smoothing
- subroutines, such as linear extrapolation
or interpolation, which function only to ; .'
smooth data updates which of necessity T
are derived from complex time-consuming
computational algorithms. In essence,
truncation error in algorithms can be
traded off with data smoothing subroutines.

and 2. Precalculated or external input data
which are stored for table "lock up" and
"play-back" which again could make use
of data smoothing subroutines.

In addition to the above, one should consider wvarious program
languages for implementing these.

SUMMARY AND  CONCLUSIONS

In brief, the basis for designing analog hardware and
considerations for digital hardware and software that could be
applied to interfacing large-—scale simulator/trainers, which
use the centralized digital processor concept, have been pre-
sented. The scope of coverage was of necessity limited by
space.

Even with the limited scope of coverage, it can be con- .,
cluded that the digital smoothing techniques presented here
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should be considered in detail for any and all large-scale
simulator/trainers because: , "

1. Substantial economi¢ savings are realizable

and 2. Judicious applications of technigues as set
forth would permit expanding the capability
and scope of present trainers way beyond the
realms that are realizable when very little
consideration is given to interfacing tech-
nigques.

13
In closing, it is conceded that there must be even other con-
siderations for interfacing--an area characterized by neglect--
that would lead to further advantages.

FURTHER RESEARCH

There is very little known or available for the optimi-
zation of adaptive processes for MIMO (multiple-input, multiple-
output) sampled-data systems which are serviced by a centralized
digital processor. The authors have made some inrocads in this
area and one proposal for research is at present pending. The
results of such a study would be directly applicable to the
problem addressed by this presentation,
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