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The Elmer A. Sperry Award

The Elmer A Sperry Award shall be given in recognition of a distinguished
engincering contribution which, through application, proved in acrual service,
has advanced the arr of ransportation whether by land, sea ok air.

In the words of Edmaonde Quattrocchi, sculpror of the Elmer A. Sperry Medal:

“Thir Sperry medal symbolizes the struggle of mant mind against the forces
of nature. The horse represenss the primitive state of uncontvalied pover,
This, as suggested by the clowds and celestial fragrenss, &5 esensially the
same i1 all the elements, The Gyrowope, superimpored on there, represents

the bringing of this power under contral for AR frrpases.
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Bradford W. Parkinson

Inn 1972 13r. Bradford Parkinson (Colond, United Sates Air Force) was named ream leader of a Join
Program Office for the Deparrment of Diefense (DOD) to divect the incegrarion of emerging suellice
technology conceprs leading the implementation of what has evalved as the Global Dositioning
System, lager named NAVSTAR GPS. He chen directed the GPS developmene program for it six
critical initial years, including the development of sarellires, ground conerol station and wser equip-
ment. He was the launch commander on the first launches, Dr. Parkinson's education, industry and
military background ideally equipped him re kead dhis breakthrough in cransportation technelogy.

Dr. Farkinson graduated from the US Naval Academy (BS 1957), the Massachuserrs Instinste of
Technology (MS 1961) and Stanford Univessity (PhD 1966). He was a distinguished gracuate of
the US Maval War College and was head af the Deparcment of Astronautics and Compurer Science
at the U5 Air Force Academy. From 1966 1o 198 he was an academic instiuctor for the LISAF
Test Pilot School ar Edwards Air Foroe Base. From 1972 to 1978 he led concepr development and
directed the NAVSTAR GPS Joint Program Office ar the Air Forae Space and Missile Orrganization.

Calamed Pardanion, wen Fravp wird o F-F [}f:. werpd i TN deadeReic DTRTUCReT g the LISAF Tomr Prlfoe Sedoal ar
Falwrrdr Air Force Base in Californa,
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ErRADFORD W. PARHINSGHN




Afver redring from the milicuy in 1978, Dr, Parkinson joined Colorade Stare University a¢
Protessor of Mechanical Engineering, where he conduceed research and raughe courses in automaric
controls. From 1979 w 1980 he served as a Group ¥ice Presidenr ar Rockwell Intemarional, then
moved 1o Incermerrics, Inc., where he was Vice President and General Manager. After leaving chat
assignment in 1984 he was appointed the Edward C. Wells Professor of Aeronautics and
Astronautics ag Stanford University, There he has creared and led the Sanford University GPS
rescarch program thar focused on civil uses for dee newr rechnology,

Dir. Parkingon’s reserch team is funded by FAA, NASA, and commerdial companies, His group
ts recognized as world leaders in pioneering numcerous innovaive GIS applications including
the dynamic contral of vehicles, the development and demonseration of the Wide Area
Differenial GPS concept for air traffic control, applicarions suitable for the blind landing of
aircraft. robotic control of land vehicles, and use of GPS a perform closed-loop control of
sarellives in orbit,

i J [3r. Parkinson is also breaking new
Fad scientific pround in oo ocher relar-
! | el direcnions, Fimst, he 15 the techni-

Ceal leader and Program maniger
of the NASA-funded Cravity Probe
B program, a oest effor to validare
Einsteins General Theorr of
Relativity using orhiting gyroscopes.
Serond, he 15 managing the develop-
ment of advanced technology for
that mission, including precision
merrology, conorol of spacecrafi, and
esimarion of armospheric effecrs.

It Farkivrer awd the l!';'a-'.:u.:r_}' Frode B roam awe n:\,-.l.ﬁ"g pra:-r'_-'_-}:_g
gproscopes i an gffore o eese Einverins Cionerad Theory of Belativiey




THE ACHIEVEMENT

It is unlikely thar any engineering achicvement nominared for the Spercy Awarnd has wo wotally
embraced the Awards criterion of “advancing the arn of transportation whecher by land, s=a, or
air” chan has the MAVSTAR Global Posittoning Systemn, or GP5, The appﬂmljuﬂs of chis bol-
liant mew rechnology have exeended e every object that resides on, or moves over, the surface of
the carch or in its coratereeseral space. By providing precise information on boch position and
time, G enables the derfvative benefivs of knowing velocity and acceleration, opening up the
addivional porential for precision contral and navigaden for all modes of transportation.

In its early applications, GPS used its army of sacelliees to allow military ships, aircraft, and
ground wehicles wo determine their locatiens anywhere in the world, The benefits for commer-
cial use were also quickly recognieeal so that provisions for 2 reduced accuracy signal were made
available. The system has now progressed to the poine where GPS for commercial uzes has
demanstrared aceuracy berter than any other systems previously developed for the navigation
and conceal of all LEarLPOTEtinn systems.’

The power of GPS has just begun w permeate the facets of our daily life. While we may wday
acknerwdedpe that this sophisticated technology is roucinely providing navigarion services for
commercial airlines, trucking networks, raflroads and shipe ar sea, wee will snon be recognizing,
and vrilizing, the practical benefics it can bring to each of us in many different forms. From the
hand-held emergency mansmicter ne larger than a package of cigarenes thar can silendy guide the
police to your assistance when a personal chrear is imminent, w the weekend boarer who wants
to “tag” that prime fishing spet for a subsequent visic, or o the motorist whe can now avoid the
frusteations of confusing mad signs and unfamiliar bearings o reach his destinarion, GPS has
artived with 3 wealth of applications thar will bring newr comforts and convenience o our lives,

The development of GI'S did nor emerge our of the laboratory of a solicaey inventor in the
manner of an Edison, Sperry, or Tesla, bur was the amalgamarion of conceprs evalving from
leading edse experiments with satellites, precision docks, 2nd new understandings of arhical
mechanics, Separate effores by the U5, Air Force, Mavy, privace induscry, and academia all pra-
vitled significant breakehroughs in contributing impertane aspeers of the ultimate spatem, bt

it tok 3 combined team, udlizing the crearivity, vision, and sesources of each participating
agency; o pynthesize the best arcribures of zach. It was Bradford Parkinson’s Focwsed lelership
that brought these often-divergent scientists and straregises ro the rable and delivered the essence
of a practical and growth-orienzed satellite positioning system thar is universally konown as the
Global Posinoning System.

Ale moisd dw e Jine of Bpery Aravdr a¢ the back q,l".r-':'ir Aroallar, JprevidiG comeriuniane & matvipatiar oy fusmpred
FUSEL FOT0 angd TOSS.



WHAT IS5 NAVSTAR GPST

Biasic Discription

GES 15 a sarellige based ]'.H."-'_:F.].[i.l'.ll'l EVHLCIT AVET| ]JI'I:'Il.'iI'IE';Z precise three-dimensional '|-||:|5i|:'i|:||-| nbor-
mation, including rime-based derivatives of velocity and accelesation, 2t any point on the carth
of In its atmesphers, It comprises threee distinet Sepments:

This g eoveer af 24 ntedlizer in the Spave Segment of Hee Global Pasitioning Sysiew,

The Space Segment. consisting of 24 sarellites, guaranteeing char ar least four are visible e
a GPS receiver at any given time. The sarellites are arranged in a constellation of six erbital
planc5_ approximarsly spaced ar 55 dL‘E.II\.‘L‘.'\. inclination, wich four sarcllives per |1|.4 ne, The
satcllites arbit ar an altitude of 10.898 nautical miles and have a design life of 7.5 years.,

A minimum of cwenty-one of the sarcllives are in use ac any one time, while three others are
designated “azive spares.” Currently 27 are operational,



—_—

The Censrol Segwient, consisting of a master conerol station and five ground monitoring swacions
{receiver-rransmirrers and antennas) ar locarions around the world., These Gve staions e
enquipped with precise rime standards and coneinually track the visible sarellites while monicor-
ing their broadcast signals. The tracking informarion thus obrained is sent o the master conrml
sration located in Colorado that compures the satellice orbits and clock corrections for each of
them, Three of the Fve ground stations have an uplink capability which is used 1o send updared
arhic informacion and cleck correction data o the sarellives.

Py GPS System Concept

Space Segment

T Hatellites rransmil coded RF signals,
priwide arbital znd clock parameters

« 21 4 3 satelliles
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Control Segment

User Equipmen: Sels Ground control racks saicllites,
User Segment wploads satellite ephemernis and
User tracks satellie signal, clnck characieristics
divwnloads data and compites = 5 monitor slations
pasition, velocity and time + 3 uplink stetions

« | masier control station

The roval Glodal Posivioning Syrem i comprised of a Space Sepreny, Controd Segmient, ansd Uker begmiens

The Lser Segment, now consisting of several million GPS receivers with antennas mounted on
the objecr to be tracked, Each receiver uses the sarellive signals o calenlate o navigatoen “sulu-
don,” or position, and can also desermine velocity and acceleration. Time is also measured o
berrer than a microsecond, Depending on the wser, the GP'S may be coupled with other systems
or sensors to provide increased situarional awarcness.




The Operational Concept

A GPS recerver, wherever it is situzred, has the ability to determine its range to each of ar leasc
tour sarellives by measuring the time required for a transmiteed signal from cach sarcllite o
reach in This requires a highly precise measurement of this very small incremental time, since a
one nanosecend {one-hillionth of a second) time difference is equivalenr o approgimarely 11.8
inches (30 cm.) of range error, This diceates that the clock of a receiver and the elock contained
in each sarellire |.1|'i|:'.!-_: rieasuresd] are :'|41t;-:'|:.-' 5}'rﬁn:_'|ni:cd_. so that the dl:'J;]_'!.-' in time due o the
ranging transit time in be used 1w caloulate acourare distances, These pairs of clocks, however,
are aot precisely synchronized, but compensation is made using a *dock bias™ determined from
a geometrical solurion involving the fourth satellite.

If the distance 1o one sarellive is

GPS SATE ] I I I l-' i_f_.'!H"':'I Iﬂ' I"jl[ ION Lknown, chen che receiver would be
]L‘I’L-rar.cd ﬁ'l:ll:‘l:l.i."l-'l']:ll.'ri.' LK1 I.I'II_' .'||.|.r|-:]i.l:: I'IF

a h-|::I|I\'_'II_' with the sardlive locied
the cenrer. The radius of dhe x|||'||.'||'
wald he |.‘:|]l.|:'|| ter the CArgre. Ta
marrow deswn the prexszitbalities of the
receiver location, the distance o a
second sieellite is caleulaced. This
locates the receiver ar some poing
on the circle where the ,:.[:Ill-:_:n.'.s from
che ran sarellives intersece. Tt is
chl||f|L| o vissalize two soap bub-
Lles chat are joined 1-:1!:'||-|:|1r'r. Their
interscetion will be a circolar plane,
shom the ez of which the recepver
would be locited, As additional

satellite TAMPres ans determined, the

Frner savetiiser orbur in ra'-.":‘:-Eurf.-' m I.‘a-r.at-a-:.'* Jrerise position

e P b 5

intersecting sphurr:—; I::-m:rp bubehlesh
turcher narrow down the possibilities of a receiver location, the exact determination of which
I'l:*-:.]l.liII:S thar its distance from a minimum of three satellives (ar e cily the same inscant) be
known. The fowrth sarellie range is used w derermine the tming bias for the satellives, required
to generare the geomerric solutions for all four spheres w intersect at a single point.

The GI'S user can receive satellite signals from any visible sarellice, Because of the positioning of
the sarellive "constellation,” any GPS receiver typically can rmack 8 to 11 signals, although only
four GPS saellives are needed w Nix che receiver position.
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THE DEVELOFMEMNMT OF MAVSETAR GFS

1957 = 197 2: Precursors

The ||11'im:4.tr 1_i|ﬂrr||;,:|prnt-'nr .=:||r| :'lt-plu:.-mr:nr rhl‘. f_-'.PS AL A '\111|::l:'l:'.¢'-\.‘|'.ll.| rr|1rr:4ring na vigal'-um :4r|-:|
_:-usil;iqrn-ﬁ:ting system evolved out of 3 succession of sEparate 1'|1i|i1',1r:.-'-+.|:|r.|:|¢1|.| programs e:-|.|1-||.:-i1-
ing early satellite technology. The first explorations came on the heels of the Spurnik launch in
October 1957, which ser in morion several acriviries to discover the arrributes of a transmitting
satellite, and more importantdy, che exact narre of its orbic. The radio sgnals radiated by
Sputnil provided Doppler shift data which could be used to fix che path of is orbit. Wich a
geometric fix point (orbit] established, vsing that “knoan”™ to determine the position ot 3 radio
recerver seemed an obvious next step,

Transit - The Navy was first on the scene, spensoring the Johns Hopkins Applied TPhysics Lab o
launch a satellite known as Transit in 1960, This sysrem was developed to help submarines navi-
gate, but it was rwo-dimensional in nature and sensitive to the velocity of the user, In addinion,

multiple satellives in view would destructively jam the naviganional capability. However, the new
technologies developed for Transit, partcularly relaring o the analysis of the earth’s gravity field

and ionospheric refraction correction techniques, were valuable conriburtions for whar lay ahead.

TIMATION - By 1972, another Navy sagellive systemn was expanding the technology by orbioing
very precise clocks. Known as TIMATION, this sarellice sVstem was used o prov ide ime and
time mransfer berween various point on the earth, and could also provide navigarion informa-
tion. The breakehrough concepr wich TIMATTON was thar no Doppler measurement was
required, bur the wser could direcely and quickly measure range using “side vone ranging.” This
was known as passive ranging, and required accurate spacebome clocks that could be regulardy
updared by a maseer clock on the ground to synchronize the mulriple savellives needed for
worldwide coverage, The TIMATION sysrem was launched in May 1967, and the program
gradually marured to a point in 1974 when the satellite was re-designated as che Navigartion
Technology Savellite (NTS) as part of the DOD joint development of GP'S.

Project 6218 - Transit and TIMATION were essendal foundarions for GPS. The third forerunner
was a LL3. Adr Force program known as 6218, direcred by an office in the Advanced Plans group
ar irs Space and Missile Organization (SAMSO). By 1972, this program had demonscrared the
operation of a pew wype of ranging ransmission based on a coded signal, basically a repeated dig-
ital sequence of ones and 2eroes. This signal, through “processing gain™ was superior to all prede-
cessors hocause it was so jam resistant. Program 6218 was the immediare predecessor to the aoriv-
ity thar evenrually developed che Global Positioning Svarem, and it marked D {now Colonel)
Parkinson’s initial involvement as a key management figure in directing space-based navigarion



COnCepes as part of 5 project that was focused on actual hasdware development. In fact, it was D,
Parkinson's timely “rescuc” of this program from possible cancellation by the Department of
Dicfense that earmarked him for increasing responsibility in future development effarrs.

1972-197 % Concept Synthesis: The Joint Program Office for GPS

In the early 1970z, the CONCEpE c:-l'h:n--ing the various military services working wgether in order
to increase efficiency and reduce inrer-service bickering was applied wo the evolurion of satellite
ltlL'lnL:-l-::-H,- programs. | he :||.'hu||.i|1l-_:__[|;_'|i,|_'||: I'I.'GEHI.I‘I'I Ofice (PO was creared in 1972 ar the
Space and Missile Organization, with the Air Force designated as the lead service. It was che first
formal example of this conperative management. Dr. Parkinson was named as the first Program
L¥irecror, supported by depury program managers from the Army, Navy. Masine Corps, Defense
Mapping Agency, Coast Guard, Air Logistics Command, and NATO. Also assissing the effort
was 4 small cadre of engineers from The Aerospace Corporation. Dr, Parkinson's ASFEOMent was
ter develop the concepr of a global positioning system as a joint program and e gain approval of
the Deparcment of Defense o proceed wich full-scale demonstrarion and developmens,

Dir. Rarkeinsan (censer) serveal s the firrt Pragnam Divecrer of the faine Program Office fir GES ar she
»':-_.lfl.lT.'f ard Miviile Clegatriizatton.
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At the outser, Brad Parkinson emphasized to his team the original guidelines voiced by che DOD
in torming the Joint Program Office for the advancement of navigation and position-fixing rech-
nology through GPS. The direcrive. quhnr.l_h-r_l"h today appewring somewhar ablique and tongue-in-
check, stated that the milicary's primary purposes in developing GI'S were two-Tol, f.e., to:

® Facilitate precision weapon delivery, and
® Provide a capability which would help reverse the proliferation of mavigation sysiems in
the industry (ar this point in time, the “indosory™ was 100% milizary-ordented).

When, in mid-1973, the program was originally brought before the Defense System Acquisition
and Keview Council ':DS-"ILR‘:] for “'PPF'?‘-'EJ:- iC was |3'=I-':I'!3._E1t'l:|. asa G218 Ayslem, This presenci-
tion failed its review because it Jid not adequately represent the views and requirements of all
the seeviers. A crucial "back 1o the drawing board™ effort of the Joint Program Office took place
over Labwor Day weekend of 1973, where Dr. Parkinson directed the development of a new
design that removed the "Air Force only” connotation and involved all contending parties in the
conception process. Soon after char, in December 1973, DSARC approval was granced. The
project to develop GPS was underway,

1973-1978: The Concept Becomes Realiny

Whar the DSARC approved in December 1973 was a Phase | program for 1, Parkinson and
his team to validate the ol system concept for GI'S. A major stumbling block char chev Faced
was a classic bureaucratic “mrch 227

® How could che development of user equipment be approved when there was no guarantee
it would work with the sarellires?

® How could the saellites be launched without insuring, they would work with the land-
based equipmeni?

O che surtace, it appeared thar the means to validase che concep was at an impasse. The devel-
opment of satcllites was 3 |1:||1_E and Cl:ril]:r' s, made even more crigical b‘}" a ['l.l.fld]]'lE -
straint that approved only four satellites, one of which was a refushished qualification model.

As part of the Labor [ay effore, a soludion to this conundrum was found. In order o minimize
the exposure to 2 massive program setback that any launch or operational failure would have
presencad, it was decided o initially west the concept not in space, but o the growed. In 1976,
on the desert floor near Yuma, Arizona, a system of solar-powered GPS transmircers was
deployed in a pattern that approximared the position of the GPS satellites when arrayed in their
spaceborne “constellation.” Because the transmitrers were fixed relarive to each other, they were
called peendoliter (From pseudo-sarellives).

11
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The satellite transmicters were synchronized o each other, followed by verification thar the user
equipment could work wich them prior to launch, As each of the four sarellires were launched,
prendolites were successively dropped from the rest svstem until all four of che satellites were in
orbit and the equipment was completely debupged. It was then, in 1977, that the operational
claims for GP5 chat had onginally been made 1o "sell” the DSARC were able to graduate from

concept o demonscrated effectiveness.

This approach saristied the doubsters, and helped to sustain and give direcrion o the five long
years of sarellite and user hardware rechnology development thar lay ahead of the veam. It gave
credence and screngrh ro the construction phase by removing many of che elements of nsk asso-
ciared with unrested conceprs. By the end of the "hands on™ hardware phase in 1978 when the
first Maviganion Development Sarellives were launched, the main components of user equipment
had been validared quancitarively and qualicatively. Addicional testing then followed, esting the
hardware on equipment ranging from F-16 fighrer aircraft, helicoprers, submarines, and “man-
pack” equipment carried during deplovment by saldiers inta varions ovpes of rerrain. Literally
hundreds of ress were conducred ar LS. military west facilities around the country.

FROLIFERATIMNG APPLICATIONS FOR CIVILIAN TRANSPORTATION

Transforming GPS from Military w Civil Use

Thi=se CX RO If]uiLH.l." comfirmmed whar had |1:|||.|;|; heen rr‘_‘n;.'ngl'limd that G5 would serve
ITELY A civilian uses than thase for the ULs, r|1||:|.|.rl.l Furthermuore, ||'_;|.|.]:|[|:|:|EE I*S tov these
new roles was not difficule, OF the three segments af 1 he GPS system deseribed above, the oo
most complex = the sarellites and the ground srations - continued o be funded and conreolled
|:‘!-}" the [department af Defense. What had o be .illii:ltﬂd £ i widn:u'ill.g variety of new u.|:r]:l|i-:'.'|-
tions was the wser-handware segment, |_'|q,:.:||:_.;|||'|." the receivers, This sransformation was 1'1:{:|1i\"E|}'
simple since numerous civilian companies had developed and were producing wser hardware for
the military, They were now eaper to serve the far larper market for civil user hardware,

'F-|,1|.|1,'|1.'.'ir|.__|_: some additional refinemencs chat would serve to protect the acourcy and integricy ol
the military system should an enemy attempt 1o use GP'S rechnology against us, the path rapid-
by cleared for propagation of GI'S into the civil sector.
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GPS and Civil Transporraion
Prominent among the early civilian uses for GGPS were those for an exploding range of transporta-
tion applicarions, where it far surpassed the performance of previously starc-of-the-art systems,

The urilization of GP'S in advancing the art of transporation has been growing ar 4 race that is
increasing geomerrically. There is currently no transportarion system under developmenc thae
dies not include, as an integral consideration of its design, the potential for incorperadng some
aspect of GPS. This could be in the familiar application of naviganon or pusition-fixing o
enable safe and unencumbered transit from point-to-poing or the more recent derivation of the
technology which will permit accurate aetitude congral for mancuvering in spice, or cloge to the
ground, as in an approach and landing 1o an airpor,

Some Specific Applications

In his opening remarks as the 1996 AIAA Von Karman Distinguished Lecrurer, L. P'arkinson
referred o GPS as the “ninth I|:||.i]'ll.].-.,"'-"' JZIIJI:'IL'LE thar the :|l:li.|i1.}-' o “lenoesr where WLl e within the
widdth of a streer has spawned a host of new rechnologies, new uses, and new industries.” It is
widely acknowledged that the hreakrhrough utilization of GPS in the civil sector came when it
made possible the knowledgge of precise position of sehicles in transit; previous methods had o
D:l}r an FH:q.'i]iilIEll:'l. l'cP.:.n:i_nE 1.l'_-|3_ |-_.|_.|_“|:p {iF |_|'_"]|':J:|I1_|:|]'|i:', 0T C.il.iJLI:JI'jt'll:lE h&iﬂd an ]3:5" h"'“‘l"" hﬂdingﬁr
and {assumed) constant speed profiles. GPS eliminated all of the doubr and inaccuracy of such
reports and vector plorting, and could do so despite the “imperfections” {varying specd, delays,
changing roures, eic.) along the way. Several early, new and prospective examples include:

Land
® The original uilization of GI'S for navigarion on land in the non-milicary sector began
weith :p[l!i-c:tl:iuns i,n'ln;,r]‘-'i[l.g the meed w pnrcis:l}' track the movements of higl"l value or
hazardous material over natienal highways. One early application was to monitor ship-
ments of suclear waste material to dump sites, with GIP'S receivers mounted on lead
vehicles of the convoys,

® As recently s two years ago, GPS units were being manuficrused ac a rare of 60,000 per
month, with almost half of them going into Japanese automobiles. In the United Seares,
design innovation using GPS to determine the position of auromobiles for assistance in
case of hreakdown are available from upper-end luxury category manufacturers, hur this
feature will soon extend to all madels in the near furare.

* The other “right ssdlivier”™ ave generally acknowdsdged 10 be lecrrizity gas, selephone, TV, waer, sewer, parbage rellectio,
ana radiz.
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GPS IN THE AUTOMOE

(PS5, correntdy goeilable in lwcury awedels, will snam b avatlabile fn alf mew guesmodiler,

# Industnal applications invalving the movement of machinery are alsn becoming wide-
spread. In one instance. (PS is being used to track and coordinare the movemenes of
large, parallel overhead cranes which are used o move lumber, The resolution of posinon
and velocity is precise enough o prevent adjacent cranes from interfering with each other.

® New high speed train systems, such as the TGV in Europe, are equipped with GPS sys-
tems s 2 backup monitoring system to assure human conerollers that the crains are main-
taining desired speeds and separations. With a fixed track system. the predicied navigation
course of a trainser is never an isue, but with the porential for block signaling failures and
loss of dara, a look-down satellite fix is 2 reassuring redundant safery enhancement,

# The construction of new automaobile roadways, bridges, and rail systerns w support land
rransporeacion has besn made easier through the use of GI'3 by surveying crews during the
pre-construction phase of these major projects. Without relying on line-of-sight theodolites
with their oprical distortions and difficulr Ingistics. survey crews are now unencumbered
with no mose chan a backpack contining the GPS receiver and antenna, to accomplish
their tasks. In facr, 5.|_|:".-'{':.-'ing was the first madker for GPS, since eady satellive |J.-:|:‘:-|l.‘.~:_-'L'I.'|.CI.'I.I:
only allowed periodic opportunines of viewing at any point on the earth,



Aar
® With a special variant of GPS involving the use of a fixed receiver on the ground in

conjunction with sacellites (Differencial GPS, or DGPS), sccuracies of 2 te 4 comtimeters
[ on a landing centerline have been demonsirared. Major FM-«.ih:nmmd COIERCTON Sre

working to esablish GIPPS-based landing icasibilicy, and in 1994 Stanford Universicy,
under Dir. Parkinson, and United Airines demonsteated a full Category L auroland
capahility with a Bocing 737 aircraft. The FAAs grearest concern with L'-'-'"-'““E. aids, thar
of gutem integrity, is being consistentdy demonstrated 10 a convincing degree. It is now
pomible w approach. and precizely land, on the mow remoce dire landing serip in the
middle of Kansas, withour the usual heavy investment in insisument landing hardwears at
the site. In fact, noching more is required than knowing the geographical coordinares of

the intended rouchdown spor!

\

Lisng she variant known & Differensial GPS. am ginplawe con fond wirh precicion covn wher there i mo
rrrrwment Londing equipmient ai the e,
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Sea

® An cxtension 1o the DGPS applicadion is Wide-Area Differential GPS (WADGPS) which
will increase the operating area of DGPS for all aircralt with benefits of collision avoid-
ance capabilities in congested air traffic arcas. The FAA has already embarked on 2 pro-
gram with the atribures of LMGPS in the U5, calling it WAAS, or Wide Arca
Augmentation System.

® All major avienics manufacturers are providing basic GI'S navigadon hardware for aircraf,
and the syseem is hasic to many new aircraft development programs wsch as the Bocing 777
and the Airbus AXXX. Curently used as a back-up 1o inertial syseems, it will soon become
the primary source of navigation for both domestic and oceanic enroute Opcrations,

@ For general aviation applications, all-purpose navigaion receivers can be puschased a1 a
fraceion of inerrial systems (some less chan $500), with simple inseallstion, no requiscd
calibearion, and with 2 highly reliable outpur giving the pilot accurate rack ever che
ground, speed, and vime to destinarion,

® In a recent experiment in vehicle control applications, o variation of DGPS wsed multiple
receiver antennas on an airplane w dynamically measure vehicle attitude to demonsisated
accuracies of 0.1 degree. The potential thar this breakthrough represents companed 10
onboard incrtial reference systems, with their stringent calibration requirements and «nft
problems, is already encouraging further development.

® Applicacions for GPS on waterbome craft have been growing ar a rare where virtually
every modern muarine vessel alloar roday, whether in commerdial or pleasure use, benefirs
trom a GPS installation. In instances where the installacion of marine surveillance radar
systems has been cost prohibitive for smaller operators, the affordable GPS kas become
the navigarion and collision avoidance resource of choice. Maritime navigation safcry has
been messurably enhanced as 2 resuly.

® ln & recent survey of ancient Chinese junks and prows in Hong Kony's Aberdesn Harbaor,
the edicor of a prominent avionics rrade mugazine was amazed to fied the majoricy of
these craft carrying portable GPS receivers. They were being used 1o locate prime finhing
locations for subsequent visits, a3 well a5 3 means o navigare the difficult convolutions of
the Hong Kong harbors and shoreline!




® [n ver another application to maritime operatiens, the rracking of oil spills is being
accomplished using buoys equipped with GPS and & radic system o notty an Ohl Spill
Response ‘Team of their location, The buoys are designed o drift with the spill, with the
alerting systems making ships aware of the oil spill location fur aveidance purposes, plus
keeping che spill undisturbed for subsequent cleanup operarions,

& Maririme navigarion, patticularly in confined waterways, is being enhanced with follow-
on refinements o GPS. The 115, Coast Guard has now complered its coverage of all
muajor waterways, including the Grear Lakes and the Mississippi River, with 2 specialized
version of DMGI'S for more precise sceering informarion thar can be used by river trafhic.

® Anather application that has major significance in shipping lanes near the Arctic Cirde is
the ability ro track the position and migration of large ice lloes and icebergs. The larger
loes can be ar sea for years, are impracrical to descroy, and pese 2 major threat e collision
potential wo martime vessels, They are being equipped with GGI'S and monitored around
the clock, forming the basis for alerts when in the vicinity of sea lanes. Some of thess
floes are no higher than the surface of the ocean and are impaossible to deteot wich ship-
borne surveillance radar,

Ar Stamford Unéversity, Profecor Pavkinsen comtinger £ load innovative researeh itto bragger ao ficurions of
! i Fal

(iPS rechnodory




As a3 Spanford University Priodieaor, Die Padkinson has conrineed his research on GPS advanced
applications and techniques. Under FAA and commercial sponsorship 2 plethora of new appli-
cations have been demonsorared |r:|.' ks team. N-:H‘H'r'l.'ll'[..'l:r' is the :In*r:lopmum of a hully rolsoti
John Dieere farm tractor. | his has shown “hands off™ :r_uJ-.in-g of a.un'nr'l-'.llr.'r-rllfl:-.] "rowsE 00 am
accuracy of 1 1o 2 inches. This application alone may lead 10 producrivity enhancemenrs thar
hully justity the ULS. government's investment in Gl

As we have scen from this diverse i,

FOCENT SYSIE sl memments o GPS have
-|||:|~:i|:i|:Ta'|1|:. hroadened its J.Fr]‘l“-'.'.llium o

' [ ] L]
Callforma Fame[ Ir.|r|,:.5u_|[|:.|.|:||||'| :II'n:! |.'|1'|1.|I'|-\.':'|.‘|. [hl: ALCLFALCY
and usabalicy of the congepl. Huowever,
nv . TR

che bhasac l;;-..|!'.|.-.:-|1r1-:_'.' il"F"l'U\.I.-l.'iI B IS
thar developod out af the pompairy of

Fl ||rnp-c|:ij'+- concepes chat were ﬁ}'rll_hl_‘hi.‘.l:l:l.
by Dr. Parkinson over thar Labor Day
weekend i 1973 have not -\.'I‘.u.l:l:‘-;nl.
Rather, they provided a solid base from
which new applications have continued
[0 emerge over the subssquent reenty five
VEATS.

= Il'l "'Ir‘.'rﬂ:'rﬁ |.|'||{ I.:!! F.ﬁr]{hln'alnl:l 1|'|l." FII'I'I{: ."'I..
: - Sperry Awand, the Board is giving recog-
Autn mat E d tra [:tnr |!iric-n te the II.I::I thar, in the Lransporta-
tion sector, (iP5 has become a dominane
design contideration for enhancing safery
and operational effectiveness regardless of
the size, shape, speed, or operating envi-
ronment of the vehicle.

California Farmer magazine cover ihows D Farkinon
anad iradevity @b 48 dalematod Pt
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Elmer A. Sperry, 1860-1930

Alver p'ldl.ﬂ“'l'l.; from the Cordand, MY, Normal Schon! i 1 881, .'iprlry had an sssociztion
with Professor Anchony at Cornell, where he helped wire is first genersior. From thar experi-
ence be conceived his initial invention. an improval elevinical generator and - lght. He then
opencd an decrric company in Chicago and coatinoed on 1o invent mapor iprovernents in
clecus mining oquipment. locomoaves, strovtcars and an deceric antomubile, He developed
gyroscopic stabilizers For ships und airceafi, o successful marine gyro-compass and gyro
contrelled steering and fire control systems used on Allicd warships dunng Wodd War 1.
Sperry also devcloped an aincrafi searchiighe and the words first gusded mussile. Hin gy nscopic
work resulied in the automanc piloc in 1930, The Elmer A. Sperry Award was established in
1955 1o encourage progress in transportation engineeting,




The Elmer A. Sperry Award

To commemaorare the life and achievements of Elmer Ambrase Sperry, whose genius and perse-
verance contributed so much to so many ovpes of ransporrarion, the Elmer AL Sperey Award
was established by his daughter, Helen (Mrs. Robert Brooke Lea), and his son, Elmer A, Sperry,
Jr. in January 1953, the year marking the 25th anniversary of their father’s deach. Additional
gifts trom inreresred individuals and corporations also contribute to the work of the Board,

Elmer Sperry’s invenrions and his acrivities in many fields of engineering have benefited rremen-
dously all forms of mansportation. Land rransporacion has profived by his pioneer work with
the SLOIAEE h;]l:[-l:'r]-', his d-u:n:lu:rpmq:m of one of the first eleceric automobiles {on which e incmo
duced 4-wheel brakes and seli—centering steering), his electric trolley car of improved design
(fearures of its drive and eleciric lllukirlg SYSLEN re still in nsed, and his rail faw dececoor
(which has added an imporan: facier of safety o modern railroading). Sea transportation has
been measurably advanced by his gyrocompass (which has freed man from the uncertainries of
the magnetic compass) and by such navigational aids as the course recorder and auromaric steer-
ing for ships. Air transportation is indebted to him for the airplane gyro-pilot and che ocher air
navigational instruments he and his son, Lawrence, together developed.

The donors of the Elmer A. Sperry Award have stated that its purpase is o encourage progress
in the engineering of transporeation. Initially, the doners specified thar the Award recipient
should be chesen by a Board of Award representing the four engincering socicries in which
Elmer A. Sperry was most active:

American Society of Mechanical Enginecrs
{of which he was the 48ch Presidenc):
American Institute of Elecrrical Engineers
(of which he was a foundesr member):
Sociery of Auromorive Engineers; and
Sociery of Maval Archirecrs and Marine Engincers.

In 19G0, the participaring societies were augmented by the addition of the Institue of
Aerospace Sciences. In 1962, upon merging with the Instiure of Radio Engineers, the American
Institute of Elecrrical Engineers became known as the Institute of Electrical and Flectronics
Engineers; and in 1963, the Insdwure of Acrospace Sciences, upon merger with the American
Rocler Sociery, became the American Institute of Aeronautics and Astronautics, In 1990, che
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American Seciety of Civil Engincers became the sixeh society w become a member of the Elmer

A. Sperry Board of Award.

Imp-::ll'l::u][ disceveries and engineering achvances are ofren the wordk of & group, and the donors
hawve fuether .¢J!||:u:i|"|.-|‘.'|i that the Elmer A, Sperry Aweard honor che dis[i:np:ishcd concribunons of
groups s well as individuals,

Since they are confident that future contributions will pave the way tor chanpes in the arr of
ransportation equal ar least to those already achieved, the donors have requested thar the Board
frein time to time review past awards. This will enable the Board in the furure w be cognizant
ol mew areas el achievernent and to invite participarion, if it scems desirable, of addirional engi-
necring groups representative of new aspects or modes of ransportation.

THE SFERRY SECRETARIAT

The denors have placed the Elmer A, Sperry Award fund in the custody of the American
Seciety of Mechanical Engineers. This organization is empowered to administer the fund, which
has been placed in an incerest bearing account whose carnings are used to cover the cxpenses of
the hoard. A Secrerariar is administered by the ASME, which has generously donaved the time
of its staff to assist the Sperry Board in ies work.

The Elmer A. Sperry Board of Award welcomes suggestions from the transporration industry
and rhe engineering profession for candidares for consideranon for this Award.
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PREVIOUS ELMER A. SPERRY AWARDS

1955 To William Francis Gibds and his Associates for design of the 5.5, United States.

1856 o Derald W Lﬁﬂugfm and his Associates for the 120 serics of air Eramspon piu.ln:_:-..

1957 o Havald © Haviilion, Mickard M D5 heorth and Engere W Kesterirg and Citation to
their Associates for dcvﬂlﬂpihg the diesel-electric locomotive.

18958 o Ferdinend Porsche (in memoriam) and Aefng MNordbofand Citation to their Associares
for development of the Valkswagen auromohile.

1959 To S lf:m_,l_';l';z}' e Havilland, Majer Frank H. H.g!!'ﬁn!' (in memoriam) amd Charfes O
Wialker and Citation 1w their Associates for the it jet-powered passenger aircraft and engines,

1960 o Frederick Darcy Braddon and Cirarion to the Engineering Department of the Marine
Division of the Sperry Cryrescepe Company, for the three-axis gyroscopic navigational reference,

1961 To Reberr Gifmore LeTonrmean and Ciradon wo the Research and Development Division,
Firestone Tire and Rubier Company, for high speed, large capacity, earth moving equipment and
ANt sz tires,

1982 To Liyd [ Hibbard for applying the ignitron rectifier o railroad morive power.

1963 To Farl A Thowspron and Citation to his Associates for design and development of the
first notably successful auromaric avromobile rransmission.

1964  To fper Stkerrky and Michas! E. Ginhareff and Ciration to the Engineering Deparrment of
the Sikorsky Aircraft Division, Uhiited Aireraff Corporation, for the invenrion and developmenrt of
the high-lifr helicoprer leading to the Skycrane.

1965 To Mayward L. Pennell, Richand L. Rouzie, fobn E. Steiner, William H. Cook and Richard
L. Loesch, fr. and Citacion o the Commercial Airplane Division, T Soeing Campany for the
concept, design, development, producrion and pracrical application of the family of jer rransports
exemplified by the 707, 720 and 727.

1966 To fideo Shima, Mavutave Fuji and Shigenari Oichi and Ciration o the fopanese
National Railways for the design, development and construction of the New Tokaido Line with irs
many imporrant advances in railroad cransportation.

xi




1967 To Edward R Dye (in memoriam), Hugh Defaven, and Roberr A, Walf Tor their contri-
bution to automotve occupant safery and Citarion o the research engineers of Cornel!
Arrpnautical Labonstory and the staff of the Crash Injury Research projects of the Corned!
Lmiversity Medieal Collepe,

1968 To Chrstapher 5 Cackerell and Richard Stansos-fone and Citation wm the men and
women of the British Hovercraft Corporatian for the design, construction and application of a fam-
ily ot commercially useful Hovercrafr.

1968 To ﬂﬁug.‘iw O Maehdillare, M. Migken and Exlward £, Tele, froand Citations o Walbers
. Crumprich and the organizarions of Geerge G Sharp, fne., Baboock and Walvox Compamy, and
the New Fark Shiphuilding Corporation for the design and eonstruction of the N5, Savannah, the
tirst nuclear ship with reactor, to be operated for commercial purpases,

1970 To Churler Stk ﬂn:.ll.'.'lrr and Citations s the J,:Il.-:r!ﬁl_lllrlt_‘l af the MTT Frrrnmentarion
FLabaraaries, Deleo Elecrronics Division, Gl Mators Corperition, and Aero Products Division,
.Ei.l-"l'-‘l?.li .\:}EEE.I'P:IE, Fnr rh-: ﬁlll:l'_lzﬁﬂll :lp]'lli-:.'.:-lli.ll:n er ineriial gllid: nee 5:..'51[-1'“5 (8] :u:rmml_-]'i_-j:ll ai[ n_.'-u.'i_-
ganon.

1971 To Sedpacsick N Wighe (in memariam) and Ceorpe W Banpferan and Citations wo Wilians
0. Hailes, Lioyd V. Lewis, Clarence 5. Snavedy, Herbert A, Wallace, and the employees of Generad
Railwnzy Signal Corpasry, and the Signal & Communications Division, Westamghouse Asr Brake
Campay, for development of Centralized Traffic Control on railways.

1872 To Lesmard 5. Hobbs and Perry W Praee and the dedicared engineers of the Prare &
Whitney Aircealt Division of Liwited Aircrafi Comporation for the design and development of the
JT-3 rurba jer engine.

1978 To fervme [ Goldwran, Frank A Nemec and JSemer . Flenry and Cltations e the naval
archivects and marine engineers of Friede and Goldman, Tne. and Alfred W Schusendtmer for revo-
lutionizing marine cargo transport through the design and development of barge carrying cargo
vessels.

1877 lo Clifford L. Eastharg and Hanley [ Urbach and Cirardons to the Railroed Engineering
Dieparument of The Timben Compary for the development, subsequent improvement, manufac-
rure and application of tapered roller bearings for railroad and industrial uses.

1878 To Robert Paiseoc and Citations to the employees of the Maneficnire Frangaive des
Prewmatigues Mickelin for the development of the radial tire.
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