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Making Predictions: A Reality Check

O N this page 17 years ago I was bold (read foolhardy) enough
to predict the state of guidance, navigation, and control tech-

nology as applied to aircraft at the turn of the century. In what can
only be an aging mind’s vivid recall, I clearly remember editing out
a sentence in which I observed that I might very well be around in
the year 2000 to face the consequencesof my predictions.Although
I am pleased that particular prediction turned out to be true, until
George Schmidt called and informed me that it was my duty to face
those predictions these many years later, I thought I had managed
to dodge that particularembarrassment.Given this predicamentand
the fact that I spend most of my time these days in the exciting � eld
of photonics, I consulted with the following people: John Deyst at
MIT, Eli Gai at the Draper Laboratory,and Doug Arbuckle and Jim
Batterson at NASA Langley. So, with some much appreciated help
from these gentlemen, here are my thoughts on comparing the real-
ity of 2001 to my 1984 predictions,together with Eli’s cold-hearted
scores on the accuracy of my predictions (on a scale of 5, with a 5
being a great prediction):

If you wish to be sure that I am not “accidentally”omitting some
particularlyonerouspredictions,consulttheeditorialin the January–

February 1984 issue (Vol. 7, No. 1) of this journal. In it there were
three broad areas where I predicted signi� cant advances, provided
that � nancial resources were not an issue. These were aircraft per-
formance, information integration, and integration of the aircraft
with its mission environment. I then followed with four examples:

1) That software would become a signi� cant part of the cost of
systems and this would lead to methods to automate veri� cation.

2) That full integrationof aircraftpropulsion,aerodynamic,struc-
tural, GN&C, and mission systems would be routine.

3) That powerful computer-aided design tools for both prelimi-
nary and detail design would be commonplace.

4) That a near full understandingof the relativerole of human and
automatedsystemswould be availableto designersof � ight vehicles
and their ground support systems.

Comparing these four with the reality of 2001:
1) Software certainly has become a signi� cant (and in some in-

stances dominant) cost element of modern G&C systems. Also,
softwaregenerationschemes, such as autocodetools, are commonly
used and have relieved some of the tedium of the development and
veri� cation processes.However, automation tools are most applica-
ble to the core portions of the software, such as � ight control code,
but are not readily adaptable to the much greater portion of soft-
ware, which is more logic based and usually extremely complex.
Furthermore, the FAA has yet to certify even the most commonly
used autocode tools, and the DoD position is similar. This lack of
automation is especially critical in areas of veri� cation and valida-
tion of software. Some progress has been made in the mathemati-
cal approaches to proving correctness of software, but so far these
methods have fallen short when applied at the levels of complexity
foundin modernpracticalsystems.Throughplaceslike theSoftware
Institute, veri� cation and reliability enhancing regimens have been
developedand are commonlyused in the softwaredevelopmentpro-
cess. In 1984 we all believed software was deterministic and poten-
tially fully veri� able. Today, the combination of complex software
written in higher order languages, with high-powered, sometimes
specially designed chips, and complex moding and sequencing has
led to a school of thought that it is not. Bottom line: right on as far
as software importance and contribution,considerableprogress on
veri� cation, but only on the simplest tasks. Eli’s score: 4

2) Most modern aircraft exhibit high levels of integration within
the GN&C function and provide mission and life critical functions
in fault tolerant fashion. In addition, there has been much progress
in developmentof fault-tolerantbus architectures,which have facil-
itated distributed fault-tolerant avionics in both military and com-
mercial aerospace systems. However, although progress has been
made toward the anticipated goal of restructurablecontrols, as well

as � ight beyond the linear envelope, this technology is still be-
ing developed and is not yet found in practice. Although consid-
erable progress within the GN&C system has occurred, consider-
ably less integration of the various technologies at the vehicle level
has occurred, with the important exception that full authority dig-
ital electronic engine controls have come into common use in the
interim years. Many organizations in industry, academia, and gov-
ernment still are set up along classic “stovepipe”departmental lines
of propulsion, structures, � ight controls, etc. An interesting recent
development is the aggressive focus at the MIT Aeronautics and
AstronauticsDepartment on systems engineering.Graduates of this
programmay well lead us to a much fuller realizationof this predic-
tion. Bottom line: Almost no advance in cross discipline integration
but good progress within GN&C. Eli’s score: 1

3) There have been many advances in the development and uti-
lization of design tools, including aids to veri� cation and valida-
tion. Computer-aided design at the mechanical and electrical level
is commonplace. The 777 was effectively a computer design with
respect to creating the drawings, etc. In spite of this, the overall
concept was developed without this level of automation. Although
existing tools are useful for predicting performance during the sys-
tem development phases (for traditional � ight regimes only), there
is still much dif� culty in projectingcosts for systems.There remains
a strong need for systematic, quantitative methods for trading off
designoptions to minimize productionand/or operationscosts.Sev-
enteen years after this prediction NASA has an important program
in this area looking toward � lling some of these voids: the Intelli-
gent SynthesisEnvironmentprogram. Bottom line: we have limited
tools of the type envisioned,but they are not yet capableof the com-
plexity associated with full integration of technical, programmatic,
and economic issues. Eli’s score: 3

4) In this area there has been much progressbut also some signif-
icant dif� culties. For example, � ight management in modern trans-
port aircraft is highly automated, and most � ight functions can be
either manually executed by humans or automatically executed by
onboard avionics. However, the resulting complexity of these sys-
tems has created a new set of problems in terms of the pilot’s un-
derstanding of how the aircraft will function when the automated
system is subjected to unusual and/or hazardous situations. This
class of problems has been termed lack of mode awareness, to char-
acterizesituationsin which aircrewshavean incorrector incomplete
perception of how the automated system will function and how it
will respond to inputs from the aircrew. In fact, the sequencingand
interaction of modes has become a new source for pilot-induced
oscillations. An excellent discussion of this phenomenon may be
found in a 1997 National Research Council report: “Aviation Safety
and Pilot Control,Understandingand PreventingUnfavorablePilot-
Vehicle Interactions.”At another level of human interaction,consid-
erable progress has been made. It has become acceptable to gather
military intelligencewith unmannedvehicles,a missiononce theex-
clusive domain of reconnaissance aircraft. Cruise missiles execute
missions once only possible with manned bombers. Trends such as
these represent signi� cant advances in the perception and under-
standing of the role of humans in mission execution. Bottom line:
Operationallywe have fully functional autonomous systems, which
interact with the human at a higher level than in 1984. We are now
relatively comfortable on the two ends of the interaction spectrum:
fully automatic and fully manual. We have advanced between these
limits where the human and the system interact but still do not have
a full understandingof the interactions.Eli’s score: 3.

These are interesting examples, but the big picture of the pre-
dictions is even more interesting. What I failed to predict was the
collapse of the Soviet Union and the subsequent major decrease in
the defensebudget and the associatedR&D investments.The result
of this major event was that the “funding not a constraint”caveat in
the predictions was not even closely satis� ed by the norm of 1984
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when we were investingheavily in new developmentsto counter the
other super power. In reality there have been very few new airplanes
designed and built which we can use to gauge my predictions. We
haveonly a few new airliners,a prototypeof the F22, the Comanche,
and a few new general-aviationaircraft.

I also missed the implicationsof some very important technology
developments. These include the widespread use of GPS naviga-
tion, and the availabilityof rapid-accessworld-wide databases that,
coupledwith phenomenaladvancesin computerspeed,have revolu-
tionizednavigation,led, interestingly,by generalaviationmore than
the airlines. Free � ight, smart weapons, and the advances in both
airline and general aviation avionics have all � owed from these.

In 1984 aerospace applications were a driver of computer re-
quirements. Now aviation does not keep up with advances in digital
technology:passengers carry on more computer power than resides
on the � ightdeck.New aircraftbegin servicewith out-of-datedigital
hardware. In a similar vein, the rapid advances in available band-
width, provided principally by the telecommunications industry,
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have not yet been exploited to anywhere near the extent they could
be. We can probably expect some new models, such as the 777, to
be in service for 50 years. Fortunately some thought was given to
retro� t of its digital systems, but this clearly must be an important
design consideration for all new aircraft.

That is as close as I dare get to the obvious interesting question:
“What will happen in the next 17 years?” Being 17 years older
than the last time I attempted to answer that question, I am wiser
along the lines of Mark Twain, who issued a caution about making
predictions,“especiallythose about the future.”With that thought in
mind, I will not succumb to the temptation. I think George Schmidt
should jump onto that slippery slope in his January 2002 editorial
and that some futureEditor-in-Chiefshould invite him back in 2019
for the sequel.

Donald C. Fraser
Founder, Journal of Guidance and Control


