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NAVIGATION

Eleclronic
Vistos in
theCockpif
Despite bod weother or dorkness,
pi lots wil l  be oble
to "see" the terroin below

by PAMELA WEINTRAUB

I t  rvas ts ' i l ig l r t  as  t l tc  I 'out ' -p i rss t 'ngcr

l  Cessrr i r  ap l r t 'oat ' l i , , t l  Da1 ' ton,  Ol r io ,
I  anc l  anrateur  p i lo t  Lot r is  Tanr l runn<r
\\ 'as nervotrs. He l tacl l ;eeu navigating
b1, sigirt ,  usirrg onl l '  a stanciard aerial
nrap. But i t  * 'oulcl l ;e t lark be' l 'ore he
reachec l  h is  dest inzr t io t r ,  a  pr ivate  ar r -
f i tk l  on t l ie  outsk i rLs o f  the c i ty .  Soon
all  he' cotr lcl  sc'e belo*'  \ \ 'ere stntr l l  is-
lanr ls  o l ' l l i cker ing l ight  in  a  sea o l 'c lark-
ness. He clesce.nclecl,  strait t ing to pick
out  the a i rs t t ' i1 t 's  lanc l ing l ights  w 'h i le
I 'unrbl ing u, i th the nra1t, atrd growirtg in-
creasingly atrxious about utrsec'tr  ob-
sl.ruct ions ahead. The terrait l  arouncl
Da1'ton is more'or less f lat,  btt t  i l 'any un-
l ightec l  towers or  bu i lc l i r tgs  s tood in  h is
path, he was i t ' r  clanger. Tatnl lur ino
final ly tout:hccl clou'tr  safel; ' ,  but his un-
sett l ing expcriencc proverl to bc fhe
ins l r i ra t ion I 'o r  a  revo lu t ionary '  new
navigaL ionzrl  systcnr.

Tarr rbur i t ro ,  ar - )  exper t  i r r  av ia t ion
t:lectronir:s, \\/as rvorktng zrs a ph-r'sicist
in  the av ion ics  laboratory  a t  the
Wright-Patterson Air F'orce Base in
Dayton. He ktteu' that the l troblettrs
l-rc harl  encounte'red over his honte towrt
that evening could be l ikenecl to those
ol '  a f ighter pi lot on a nrission over hos-
t i le terr i tory at night or in bad weath-
er, llying at treetop heights to avoid
encnry radar. At a speed of 600 miles
an hour, what could prevent disaster
i f  a n  u n s e e n  h i l l  o r  t a l l  s t r u c t u r e
lay ahead?



' larnburitro hatl  rvorketl  u' i t l t  t :ott t-
puters that <:oul<l clrarr '  l r ictt t t 'es ol '
Ianclscapes w'hetr I'ed clata I'rottt niaps
anrl photographs. Thc scenes coulcl
be sketched 1'ront an)'  persl lect ive-
straight clorvn, si t le vieu',  or at ly atrgle
in  bet rveen.  A l lowing h is  inrag i t ra t io t l
to roanr, he thought about storing cle-
tai ls l ike t l i is I ' rorrt  al l  ove'r t l te'  worlcl
in the melnory ol 'a pou'et ' t 'ul  cotnl luter.
Given the proper longittrde and la[-
i tucle, t l ie computer screett could, i t t
theory, display a sitnulated landscape
of any region anywhere. I f  the lat i-
tude and longitude were conti truously
changecl, the simulat ion u,oulcl atnoutrt
to a moving picture of the landscape
as it would be seen by an eye in the
sky. And i f  the needed information
could be suppliecl to a plane in f l ight
and projected onlo a display panel in
the cockpit,  a pi lot coulcl "see" unfa-
mil iar terr i tory despite bad weather
or clarkncss.

No t  l ong  a f t e rwa rd ,  Tambur i no
learned that the Defense MaPPing
Agency in St. Louis, Missouri,  was col l-
vert ing ordinary maps and aerial pho-
tographs of the Northern Hemisphere
into digital language that a computer
could understand. As an aid to stra-
tegic planning, the agency was coding
the exact location, elevation, and iden-
tity of such man-made and natural fea-
tures as telephone wires in Arizona,
forests in Britain, and railroad stations

in Siberia. N{trch ol '  f l ic topographl '  of '
the Unitct l  Statcs atrcl I l t trope hatl  al-
reacly been t l igi t izccl,  ancl the agctlcl ' 's
goal was to do the same f'or tlte re'st
of the worlcl .  ' l 'attrbttr i t- to real izecl t l iat
his I'at1tus.1' <'otrlcl llet:ot"tlc fact. He
clasl iecl of i 'a l troposal to the Air l iol 'ct ' ,
ancl five I'eat's ago \\ron acceptallco.
He has beetr workit-tg otr a tnoclcl ever
since, and last year contracted r i  i th
the Hughes Aircraft Company in Ei

Segundo, Cali fornia, to bui lcl  n'hat thc
Air Force cal ls the Airbome Electr-orl ic
Terrain Map Systern.

Ithough they u,ere devise'cl l'or
mil i tary use, the new electronic:
maps could aid commercial

f l ights taking of l 'or landing, tour planes

swooping down for a view o1'the Alps,
perhaps even crop dusters and piatres

that fight forest fires. Before take-off,
pi lots wil l  insert into the airplane's
mapping comltuter an electronic mem-
ory with temain information l'or the
area of the proposed f l ight. In the air,  a
navigational computer wi l l  suppl; '  the
lat i tude, longitude, alt i tude, and course
to the mapping computer, which rvi l l
rapidly search its memory for the de-
script ion of the land below. Then, using
a series of geometrical equations, the
computer will perform millions of cotn-
putations to create thirty new pictures
every second of the shifting scene out-
side-which will make it as fast as the

rnov ing l r ic t t t r t '  o t i  a  t t ' lev is ion scrcet r .
Thc e lect ron ic  c l isp lav u , i I I  eventua l ly

be able to pro. ject aerial views o1' not
on lY ntounta ius anc l  lnonuntents  but
also neu' hazards-ot '  targets-racl ioerl
1'rorn other aircral ' t  i t r to t l te plane's con' i-
l tuter cluring t l ight. I l '  a l t i lot neecls to
knou, about the location ol '  oi l  ref iner-
ies, skl 'scrapefs, or local lancl ing str ips,
t l ie cl ispla; 'could be i trstructecl to tnake
those features stand ottt  as l l r ight sl lots
o1' recl.  For hi l ls ancl val leys, l te tr i ight
see something sinri lar to the vierv'  be-
low: simulated slopes attcl  horizon, atrcl
a st ick f igure representing l i is l l lane, al-
lou,ing him to steer a path clear ol 'clan-
ger. He n,i l l  be able to f l ip a switcl i  at lcl
preview the terrain farther ahead. Ancl,
adds Tanrburitro, 

"the pi lot wouldt i ' t
evetr need to see a displat' for thc tlall
to be cloing i ts thing. The systern coulcl
scan the area around the plane' ott  i ts
own, and sound a warning u'hettever
danger  loomed."

F'or more information, the pi lot coulcl
glance at a supplementary television
screen supplied with data by the tr lap-
ping computer. There he coulcl soe con-
tour maps, l ike those on page 46, i tr  as
many as 16 dif ferent colors. Unlike the
aerial-view maps, these would tel l  t l ie
pilot about the lay of the land beyond
the horizon. "The aircraft position is
represented by the bottom center of
the screen," Tamburino explains. 

"The

red areas indicate land that is higher

A pilot flying at night could guide a
plane by looking at electronic pictures
similar to those above, proiected onto
the display panel against the wind-
shield of the cockpit (left). In this sim-
ulation of a flight through the Toiyabe
National Forest in Nevada, the Pic-
tures, left to right, show an airplane,
symbolized by stylized wings, turning
to the right to find a mountain Pass
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The red area at the left in the bottom
map is Austin Summit in Toiyabe Na-
tional Forest, and the red area at the
right is Mount Prometheus. As the
plane proceeds over the terrain in this
simulation, it flies between the moun-
tains, approaches a sol id barr ier, and
cl imbs to f ly over i t

than the altitude of the plane. As the
pilot flies higher, the red regions shrink,
and more of the picture turtrs to yel-
low, green, and f inal ly blue. I f  things
get too red, the pilot ivill have to gain
altitude-or risk conring to an abrupt
halt against the side of the mountain."

The likelihood of such an abruPt
halt wi l l  diminish as scientists learn
more  abou t  p resen t i ng  e lec t ron i c
maps-both the 16-color variety and
the aerial views-to pilots. The Air
Force is experimenting with graphics
that will portray specific natural fea-
tures. such as forests and lakes. After
that, the scientists will perfect images
of man-made objects rangirtg from
bridges to bui ldings to smokestacks.
The tr ick, Tanrburino says, is to keep
the in'rage as simple as possible with-
out simpli fying i t  so much that the
pilot no longer recognizes it. For ex-
ample, the system could use a bright
red triangle to depict a building, or
create a detailed drawing that showed
everything down to the indiv.idual
bricks. 

"We want to be impression-
istic," he says, "because the life of the
pilot depends upon simplicity. But we
still don't knou' how much abstraction
the human mind can take."

The mysteries of human PercePtion
will present other problems as well. A
building 50 feet tall and a mile away,
for example, may appear to be the
same size as a skyscraper many miles
away. Scientists'will have to learn to
program the computer to sketch the
two structures so that the difference
between them is clear to the pilot. An-
other source of confusion is that land
near by seems to rush past faster than
land in the distance. To compensate
for this, the desigaers plan to com-
press the image at the bottom of the
map and expand the image at the toP.

While the Air Force is designing sim-
ple maps to test on pilots in the lab,
scientists at Hughes are building a
prototype system that could be used
in an airplane. Once that is complete,
sometime in 1982, pilots will be able
to test the maps in flight, which will
allow Air Force mapmakers to refine
the system still further. By the late
1980s the Air Force will have a sys-
tem that should substantially increase
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safetv in the skv.


