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Since late 1986, GPS, as an new_ element in computer systems, has evolved from a raw idea into a workzng
end to end prototype comprised of a vehicle, a standard single channel GPS receiver, a collection of micro-
computers and a variely of other hardware and software. The protolyping activity has demonsirated that GPS'
time and place tagged input streams are powerfu! and practical new tools fer geographic information system
users. This work has alse helped bring to light the improvements and enhancements thal are needed tu creaie
a flexible, operational, first generation GPS/GIS which will meet the needs of both users and suppliers.
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BP8 - 4 NEW TOOL FOR
COMPUTER UBERS

GFPS I1m one of those rare technology
jewels with the potential for stimulating
fundamental chenge 1N the way that
computers are used, Global Positioning
Satellites is being placed in orbit primarily
to meet the need for very accurste giobal
navigsatior of military vehicles. In the long
term, however, the time and place "tags”
contained in GPS broadcasts, when in-
corporated into computer date base input,
will have e real productivity benefit to
information users which may match or
exceed the navigation benefits of these
satellites. GPS time and place tags can
make a reality out of the much tatked
sbout “vehicle trecking” market. More
immedately, the largest mpact of GPS
is apt to be in systerms which support the
management of the thousands of static
or relgtively stetic sssets such as roads,
brigdges, crop arees, timber tracts, toxic
waste dumps and the like which are
strewn across the ratiomel and interne-
tiona! Ilsndscapes.

IMPLEMENTATION
CONBORTIWM

GPS has been 8 well known technology
for several yesrs and since the shoot
down of the KAL 007 airiiner in the early
1880's, it has been available (at no fee) for
non-military applications. Strangely, there
has been NO rush by either computer
users or computer suppliers to take
advantage of this powerful new tool. This
mMey be due to the current gilemme In
the information sciences where many
American technoiogists don't know us-
ers and user requirerments, where rmany
American users don't kmow techrolo-
gists and technologies. This situation
where aimost Nobody is building the end
to end capability has paraliels in other
tields,

On January 8, 1989 the weshington Post
addressed this ir an edgitorial entitled “The
Super (conductor Bewl” from which the
following quote is extracted.

e w | g o= gt () Armerican manufac-
turers seem to be losing the sermicon-

ductor market to their Japanese com-.

petitors. How can the United States
prevent that from happening to the future

producta based om superconductors”

™The White House put that question to e
committee of scientists and industrialists
headed by Ralph E. Gomory of IBM, and
the committee hes now given amn answer
with  implications far beyond this one
technology. It recommends setting up
several comsortisa centered on universi-
tles and bring In experts from both
government laboratories sand private
industry to work on research programs
on which they aoll agree, Cormpanies
would contribute to the cost, in return fro
which they wouid teke part in directing the
research” (ermphasis sadded)

Completion of the work startea by Rock-
well in its programs in Tenmessee and
vVirginie is proposed as the substance of
the technical work of such a consortium.
A variety of technical issues, including
ut not iimited to) overell systern archi-
tecture, internal and external interfaces,
response to selective availability, aided
GPS, iInput editing end smoothing, deta
base creation and managerment, end user
workstations, moblle workstation design,
and standsrds of performance need to be

addressed addressed arnd solved if s
GPS/GIS is to live up to its potential

Ore specific objective here i5 to take ad-
vantage of the enforced hiatus in the use
of GPS caused by the Challenger cisaster
o impiement, using the consortium tech-
nique, an operational GPS/GIS. The short
and moving daily window of GPS sateliite
avallability is quite adequate for systermn
gevelopment but it S not suted for
routine operational use of a GPS based
system.

Two to three public highway agencies
(state, county, or city) in reasomably close
proximity to each other should be se-
lected end encouragea to become
members of the consortiurmm. AN effort
should be made to include a range of
Institutionai  structures, geographic ter-
rain, and urban snd rural settings in order
to have an srea and a range of erviron-
ments in which the emerging systern can
be adequately tested.

The Kinds of systerns thet could result
from the efforts of this kind of consortiurm
are directly spplicable to an extremely
brosd ronge of distributed asset man-
egement problems o highwey trenspor-
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tation, marine cherts, aeronauticatl charts,
strip mine coperation sanag reclamation,
toxic waste dump rmanageMment; aarth-
qQueke ancg storm response, flood re-
sponse ana flood plain dellineation; agri-
culture; forestry, public uJtility facilities
management. parks management scid
rein  iNvestigations, air quality assess-
ment, surface water manegement; irri-
gaetion; and on and on,

After the creation of adeguate date
bases has been accomplished, a whole
new range of “process comtrol” applica-
tions renging from vehicle tracking, to
route planning and mMonitoring for the
shipment of hazardous cargoes, o
emergency vehicie dispatch .ang moni-
toring, to highway accident reporting, and
SO OnN.

TERNEBBEE ANRD UIRGINIA
PROJECTS

Tne work that hes been done over the last
two years by Rockwell intermnational and
the QDepartments of Transportation N
Tennessee and Virginie concentrated on
some very basic applications . mep date

base generation and the production of .

thematic management Maps. In  Both
cases, the emphazis was on using GPS
as o time ond place tagged data base
generator, In both cases, however, there
was am end to end capability that could
procduce informstion progucts real ap-
pesal to operational users.

It weas the demonstrable end products
which helped establish the Consensus
withim TENN DOT that s GPS based
systern could be very wusefdl tool for
rmaneging highway assets. In Tennessee,
the ability to produce, in mMinutes, a five
county map showing the Ilocation and
identification =all 350 bridges on state
nighways became am enormously power-—
ful techrology transfer device.

In October, 1886, Rockwel! Internationatl
began to investigate other market poten-
tials for cormmercial GPS receiver that
had been designed primarily for naviga-
tion and time applications. The Chatllenger
accidernt in January of that yesr had put
a hoid on GPS launches and in October,
it was apparent that the market for GPS

receivers would face a major disruption, -

Rockwell's intent was to uncover new and

‘had to be san application ares

.

large GFPS demands thet did not require .
the 24 hour evailability demended in
navigation apphcations. '

Rockweill's decision to concentrate on
highway applicetions was not accidentally
errived at. The broad guidelines were that
the initial application had to be something
in general use all over the countryand it
where
major Investments were being made.
Most Importantly, it hao to be “doable”
without new invention and the investiga-
tionhad to be possible within the con~
straints of a moving, four hour daily
window of satellite availability.’

TRARSPORTATION, THE
FIRBT JAPPLICATION

Selecting highways became 8an eass; call.

*) Highway departments are the
very essence of the nationsl Iinfrastruc-
ture problemn., They are responsible tor
nearly 4 million miles of road and reiated -
assets spread out over 3.5 million square
rmiles of resl estate.

®) The “related (cistributed)
assets” include hundreds of different
Kinds of things ranging. from road
surfaces to bridges, shoulders, signs,
traffic signals, roadway merkings, oui-
verts, railroad crossings, ramps and
cloverieafs, barriers, constructiom eguip-
ment, bulldgings, vehicles and many More
things spread out over the same vast
area. The Investhnent in all these assets
s almost bevond calculstion.

x) wWith the completion of the
nterstate system (and, coincidentally, sn
ever increasingly obvious need for major
repairs to the interstates) highwsey de-
partments have begun a slow shift from
pouring comcrete to more closely man-
aging their existing system of roads.

1 There are fifty state highway
agencies, over 3000 county highway
agencies, more tham 9S00 larger city
highway eagencies and mejor highwey
activity. At the federal level , the Depart-
ment of Tramsportation, the Department
of the imterior, the Department of Agri-
culture and in the civil works activities of
the US, Army Corps of Engineers have
requirements similar to those of stete
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EPS POSITION
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RO4AD INVENTORY WORMSTATION

The GRS position astermination methed /s based on e principl/e that the positicr:
of sn akfect can be determined by measwuring the aistance from it to three or maore
oObyScts (i WYS CHSS SASNISS] Whose posiian 15 known,

Each GFS satellite contnually broacgcasts describing Oata thet describes s exact
position relative to the esarth &t an precise instant in tme that is messured
measwed N rnencsecornds.

The Naveore | recever in the mobile workstation is egquipped with s owrn clock
which allows it to astermine, once esach second, e ‘psewdo range” between it
amg eaclh of three ar fowur satellites needed gerierate & hvae Jivensionsd posSitionr:
fix, The pseuds range S an gppraximate dJdistance arriveg ot by multiplying the
elspsed  time of the sstellite message ldeterminea by e receiver clockl by Hre
speed of lght 185,000 miles pesr second.

Any error in the synchronization of the satellite snd receiver clocks will affect
the sccuracy ol the pseuda range.

TQ reduce ony erfect Of Nen=sSynctwroni@od CIooks, he recerwver SIS0 colcu/stes
the distance o a fourth satellite so hat the receiresr Clock can be resst 1o exsctly
miatch the satelite claock, &y computing clock offset 8s well 8s three gimersicned
Pasition. the receivar can coryrect for var/ations in the veloocrlty of he rodio Signsals
WAICH 1t recelves rom e SSINtes. ANl S OfF COUrsSe, is Neppering Continuous!y
8 mebile worksation moving a8 Uaffic speeds orm any ciess oF rosad from City
stroet o interstate  bighway.,

The reswlt /s arn scowate sef of “tags"™ in digital formet of atikede. longrtude.
elevation, and time once &very second, Lihike elapsed djstence tags. which are
wswally @ string of interdependent measurernents beginning at some orbitrary
LpomMt each Sot of GPS coordinstes 5. an ingdspengent cal/ocu/ation of locatian orn
S 13Ss GF the oarth, In the Tennessee andg Virginia prajects, GFPFS coordinstes wers
wused to plat segments of reads amd 1ocations of point items o within 30-50 feet
of Sccuracy as described by &8 sample of geodstic beric/narks
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transportation departments,

%) The “data base” applicaticns
related to road
“process control” epplicetions such as
accident location reporting, hazardous
cargo routing, or emergency (81 vehicle
dispatch anad tracking,

®) Highway epplications also
ripple out to the railroad, water and air
transportation applications thet exist In
state hnighwsay departments.

x) Transportsetion department
applications create the esserntial dete
bases reeded to begin to address the
same kinds of demands in other state
agencies - Education, Health, Environ-
ment, Agriculture, Commerce, etc,

TERRESBEE 4AND VIRGINIA
RESULTS

Over the mext 27 months, Rockwell and its
consultants were engaged in joint devel-
oprment prograrms with the Departmemts
of Transportation imn Tennessee and
Virgimia. During the course of these two
orogrems, working prototypes of & mobile
data acquisition workstation, 8 post proc-
essing configuration of microcomputers
with specially designed software, and
eventually a full end to end capability for
displaynng ang plotting output products
were fabricated and extenaively wused.
Sixty one var/days were spent during this
time in acquiring dats needed to locete
complete roeds, segments of roads and
point itermns aiong rosds in both Tennes-
see and Virginia. The field equiprment
operated In summer and winter, in rain,
smow, electrical storms, on days when the
temperature was below zero and on days
when the termperature wes well above
100 oJegrees.

Beginning ot absolute point zero where
the DOT participants knew nothing about
GPS and the Rockweli staff kmew nothing
about highweay applications, over the two
year period, these progrems became
weeful models for the introduction of
complex, new technologies. In addition,
the empirical and documented aexperi-
ence in the Rockwell program can be an
extremely useful guide to the further
effort meeded to design and implement a
operational set of GPS based information

leed directly to roed

tools.

The Tennessee and Virginia programs
demonstrated a variety of things.

¥ GPS based data acquisition .
is a matural and extremely effective imput
front end for Geogrephic INnformation
Systems (GPS/GIS, as it is used here,
refers to a8 system wnhich combines these
two information sciencesl GPS coordi-
nates are unique fingerprints which can
locate points ano features with a two
dimensionag accuracy to within S0 feet
on the surface of the earth. GPS ex-
remely precise time teg, wnhen useg with
coordinates, becomes an absSolute den-
tifier of GIS transactions.

L Although not specifically
demonstrated because of the limitations
of currently available mapping softwere,
the application analysis showed that three
dimensioned graphic presentations of
transportation ascsets will be an ex-.
tremely sttractive mew information tool to
many trangportation Marnagers.

" To be successful, 8 program
of thus type has to proceed from the
beginning of the informeation process to
the creation of & useful end product

® The benefits of having knowi-
edgeable and creative user personnel o
functional experts . as part of a applica-
tion tearn eare too varied and too numer—
ous to list here. One undeniable benefit
is that & joint effort helps to Keep DOWN
users and suppliers from making the
gridiock” mistakes which so frequently
plague first gereration atternpts to use a
new technology.

R The development of a cacdre
of technically informed wsars has to be
ome of the end results of a joint develop-
ment project. In the absence of such 8
cadre, 8 joint development s apt to
become an entirely sterile process which -
will die as scon as the user developrnent
tearn leaves.

X A cadre of technicatly in=-
forrned users is the fountain from which
epplications rippies flow. People who
know both the application and the technol-
ogy are the very best baae from which to
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expand the uses of a GPS based geo-
graphic information system.

L] The programs demonstrated,
agein, that jont development programs
and procurement activities are entirely
different undertakings. A develocpment
effort has to have the latitude to explore
desd ends.

* The Tennessee and Virginia
projects demonstrated that a new infor-
mation systerm cannot presume to change
the user institutiom, it cam't Impose sny
raquirement for any alteration of man-
agerment method., and it cannot imMmpose
new programming or operationa! loads
on installed computers. IMprovements
and benefits have to be demonstrgtedand
the process by which these benefits and
improvements were created hes to be oll
but Invisible to the user organization.

x Minimally aided GPS C.A code
can be used to create B Mmap base :deally
suited for transportation network plen-
Ning applications  Since it matchas the

ROOHU.IELL SPS UJORHSTATIOR

gccuracy of a USGS quad map the
standard map bese for DOTs. In most
cases, it aiso produces a8 much more
current and mMmuch more accurate base
than any method currently available. New
approaches to GPS saiding 'offer the po-
tentiat for addressing proiect level apph-

cations.

* In Transportation Depart-
ments, the production of road maps is am
essential base apphcstion for a GFS/GIS,
By far, the bigger “mapping” activity which
goes on N transportation agencies is the
production of hand colored road rmaps
which convert into grephic form, the
computer listings which describe spe-
citic highway assets . bridges, for ex-
ample. The production of these “manage-
memt" maps  consuMmes  thousands of
man hours each year, in a demonstration
sample, thie application was automated in-
the Rockwelli project.

L The automation oOf “smart™
input streams, which is implicit in the
GPS method, can provige very large pro-
ductivity improvement either hand digit~
izing or digital map scarnnning.

® Migration of very large exist-
ing, elapsed distance tagged files into a
GIS comoatible graphic Mmode becomes &
very stralgh' forward procese by mateh—
s ing these ispseqc tags
to similar tags which
are a part of the road
aslignment files created
by the GPS system. In-
cluded here are fites
created by automated
road condition survey-

ors such as
Tennessee's ARANS
j vanr.

X There are other

appications whish can
best be supported by
off-road mobile work-
B stations, with B8 rnam
N pack as ore cilass of
such waorkstations.

x A operational
§ GPS/GIS for DOT ap-
8 phications has to be
easy for transporta-
} tiom mMansgers o rely
e or, it has o be aasy for
wor'kmg level tramaportation peopile to
use, it Nas to be able o grow o accom-
modate growing and changing end re-
quirerment . and if it 15 to be acceptedg, its
design, standacrds and imMplementation
mMmust include the airect participation oOfF
trangportation agencies snd pceopie.
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g Over a two year pperiod, Rockwell's GPS mobile workstalion became a compiex proloiype data
T acouisition  sub-system consisting  of @ number of computers, sensors, other hardware, and - special
. purpose and other sofiware which were linked together in 2 mobile, functionally distributed network. The
L mohile unit and its related post processing work station demonstrated thet accurate snd complete
E;H records  of segmenis and point ilems (consisting of descriptions, cordinale position lags, precise time tags,

and 2lapsed distance locations) can be generalad at traffic speeds in the range of road environments {rom
flatlands to mountains. Daily calibration of ali equipment was an essential,-and rigorously observed quality
assurance procedure at the beginning and al the end of every field dala acquisition session.
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