The Homebuilt Glass Cockpit

The future can be here now: electronic
instrument displays in your homebuilt.

BY PAUL LAMAR

Cum:m hight-aireraft instnuments-
tion is right opt of the electronic dark
ages, Woulkdn't it be nice if we in the
homebuilder commumity could afford
a “‘glass cockpit?”* The glass cockpit
is what the commercial, military and
business aviation world is coming to
in cockpit instrumentation. It consists
of one or more cathode ray tubes
{CKRI3) connected to a computer
displaying most of the information a
pilat needs. Glass cockpits can reduce
a pilot’s workload drastically, provide
much better navigation information
and allow more time to look for other
airborne traffic.

The recent rise in the popularity of
the mass-produced personal computer
has given us low-cost components
suitable for use in an affordable glass
cockpit,

What is possible with a homebuilt
glass cockpit? One of the first features
to be developed may be a computer-
controlled naveom receiver that
constantly scans the in-range VORs,
determines the bearing and identifica-
tion, looks up the VOR's latitude/
longitude and then calcutates the air-
craft's position by triangulation,

Groundspeed is then caleulated. This
device would also display the frequen-
cies, identification and bearing of all
VORs in range on the CRT.

To construet this device, we intend
to use an existing, ofFthe-shelf, low.
cast portable nawcom tramsceiver and
tount it on an IBM XT-compatible
plug-in card. It must be interfaced
with the computer data buss to transfer
VOR information to the computer
and cause the computer to controf the
reception frequency. We wil] also
remove the redundant LCD display
and keyboard. The instrument-pane)-
mounted CRT will display the fre-
quency in use

Why go to all that trouble, you
ask. My loran already does all of that.
It is true your loran already does these
things. But those with software loran
libraries also know that this and other
software information about airports
cost as much as $3000. Further, this is
ghout all & loran can do. | cannot do
the myriad of other things a personal
computer and 3 naveom rRoeiver can
do. For example, it cannot be updated
with airport and VOR information by
simply slipping in a new floppy disk.

Lamar lestruments’ data acquisition
computer could be integrated into a
low-cost lightplane navigation and

A $100, five-inch CRT mounted in an
instrament panel could display every-
thing from checklists to clearances to
navigation displays.

Here we are talking about a com-
plete, general-purpose, [BM X1-
compatible computer that could show,
by means of a moving-map display
aml suitable software, the position of
the aircraft relative to local airports,
VORs, TCAs, ARSAs and just about
anything else. The computer could
prepare a flight plan (and maybe
someday file it for you by high-speed
data link, directly with the FAAL It
could display MEA {minimum enroute
altitude) and obstruction information
that was relative to your current posi-
tion, You could even take the com-
puter out of vour airplane and run
your business with it if you don't
mind powering it from a car battery.

This computer could also use loran
information. Some brands of loran
receivers are already equipped with an
RS-232 computer interface ports.
However, an integrated loran receiver
on a plug-in card would be a more
straightforward way of using loran
information. It could compare
available Joran information with
available VOR data and determine
with greater accuracy and confidence
your true position and groundspeed.
In the absence of loran or VOR infor-
mation, it could automatically dead
reckon for a while. This cockypit com-
puter sould use NDB information
too. Each type of navigation receiver
could be on a separate optional cand.

Off-the-shelf plug-in IBM XT-
compatible cards are available that
can control servo motors that could
fly the airplanc to a chosen destina-
tion with a specified flight profile.
This feature becomes & nav-coupled
avtopilot. (In time of war we could
press our 40,000 Cessna 1725 into use
a8 cruise missiles. The Soviets would
be helpless.)

This computer could also monitor
all CHTs, EGTS, turbine inlet temper-
atures {TTT5), manifold pressure,
altitude, airspeed, outside air temper-
ature and a myriad of other parameters



by means of existing, off-the-shelf,
IBM X T-compatible plug-in cards
and sensors. This could keep the pilot
completely informed on what is going
on and warn of any impending disas-
ters. It could also display suggested
emergency procedures and check lists
in case something did go wrong,

One of the easy things the glass
cockpit could do is caleulate winds
aloft. Wouldn't it be great if all
lightplanes had accurate winds-aloft
information they could pass to the
FAA flight service centers?

Another possible feature (probably
far in the furure, judging by the
glacial speed at which the FAA
updates its ground equipment) is a
ground-to-air data link with a paper
printout of IFR controller instruc-

tiens. The airborne computer could
acknowledge receipt of the informa-
tion and/or the pilot could read it
back. The pifot would have a hard
copy of controller instructiors and
clearances instead of having 10 scrib-
ble them down franticafly and read
them back.

What about the cost? We are talk-
ing less than $2000 worth of aircraft
equipment and maybe less than $500
for the hard copy feature alone: not
much, in ght of the $40,00¢ or more
for present completely equipped
avionics packages in lightplanes. The
current ATC voice communication
method is archaic if not downright
dangerous. 1 never ceases tp amaze
me that the system works at all, Much

of what the controllers do now could
be autpmated with increased safety.
And in the event of an accident, a
cormiputer record of the commands
sent £0 an aircraft would be zvaitable.

The computer hardware and soft-
ware to do this is available right now
at fow cost. A $200 plug-in card called
a modem (MOdulator/DEModulator;
a device used to hook camputers to
telephone lines), hooked between the
aircraft gomputer and the audio out-
put of a naveom receiver could do the
trick. A small printer would record
the data,

Telephone lines have roughly the
same bandwidth as ground-to-gir
voice radios. Therefore & madem is
ideal for this purpose. If the navcom
receiver is computer-controlled, it
could switch com frequencles auto-
matically as the aircrafl is passed off
from one ATC center to anozher, The
same type of modem connected in
place of the microphone on the ground
transmitter could serve the ATC center.

Unfortunately, given the EAA's past
performance, it is not likely to take
the low-cost, off-the-shelf approach
and use these standard mass-produced
modems. The FAA will, instead,
probably come up with some very
exotic, high-cost, non-standand hard-
war to achieve this function . . . if
and when the EAA decides to do it.
Don't hold vour breath on this one

One of the possibilities we don't
think we will try t0 implement is an
airceaft attitude display as used in
comumercial airline glass cockpits. The
low-¢ost vacuum attitude gyro does a
pretty good job and is simple and
reliable. To achieve the same thing
electronically wouldn't be practical
because electric gyros with electronic
output data are far more expensive
($5000) than the mass-produced
vacuum gyro.

On the other hand, we may decide
1o experiment with feeding the com-
puter slip/skid, rate of climb (and/or
altitnde and/or airspeed) and compass
information to infer and display atti-
tude. If airspeed is increasing, the
altitude is decreasing and the compass
is precessing, the aircraft is obviously
in a descending turn. This is a tech-
nique similar to a partjal-panel scan
after a vacuum failure except the com-
puter is figuring out what is going on.

The possibilities are almost
unlimited. Adl of this can be done
with just one five-inch CRT on the
mstrument panel plus the computer
arcd maybe a very small printer for
ground-to-air communications. By
the way, a five-inch CRT with 2-volt
power supply costs fess than $100.

A small printer mechanism, removed
from a calculater, should cost less
than $20.

My company, Lamar Instraments,
would love to produce and sell at
reascnably cost 2 completely inte-
grated glass cockpit for use in light-
planes. But we woke up from this
dream and counted the number of
new lightplanes being sold today . . .
and figured the cost of developing a
glass cockpit . . . and we fell qut of
bed. I suspect some existing avionics
manufacturers feel the same way. The
cost of developing the software alone
would be horrendous.

Clearly, what is called foris a
cooperative effort from the home-
building community and maybe the
established avionics manufacturers to

" achieve this aim.

For our part, we intend {0 make
available low-cost components and
software based on standard 1BM XT
personal computer components with
a standard, easy-to-learn computer
programming language that will help
the homebuilding commumity achieve
the goal of a low-cost glass cockpit.
We cannot achieve this oursclves. We
feel if we are completely open about
what we have developad 50 far, in the
tradition and spirit of the open per-
sonal computer, other people will join
in and contribute software and hard-
ware designs.

Our hope is that other people will
also write articles for this magazine,
develop and sell hardware and sofi-
ware products of their own, or send
their information directly to Lamar

Instruments. We will credit them for
their contributions in our next article
on this subject.

Want to participate? Please, only
conymented source code written in
QBASIC or 8088 assembly language
for computer programs should be
sent. To make this work, we must
standardize on a computer buss struc-
ture design, a graphics standard and a
standard programing compazter
language. This will make it possible
for many people, working indepen-
dently, 1o come up with compatible
components and software. Since there
are 10 mitlion IBM XToompatible
campatters in use and hundreds of
compatible plug-in cards, we chose
that buss structure for the homebuilt
glass cockpit. We chose the EGA
monochrome standard for graphics.
This is supported by MicraSoft's
QBASIC and is a good compromise
between a high resolution display and
Cost.

The BASIC computer programing
language is taught, starting in gram-
mar school. Surely some of us older
pilots and engineers can learn it. For
those computer language snobs who
might look down their nose at
BASIC, we ask them to take another
look. BASIC has been improved
dramatically in the last few years in
speed of execlition; moHularity and
low-Tevel hardware aocess. We there-
fore chose MicroSoft's QBASIC as the
standard progeamming language T

FOR MORE INFORMATION ar to
participate in the design of a “gluss
cockpit™ for homebuilts, contact
Lamar Instruments, 2107 Artesia
Blvd, Redondo Beach, CA %278,
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