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2110 L Street, N.W., Suite 520
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Magalie Roman Salas, Secretary
Federal Communications Commission
445 Twelfth Street S. W.
Washington. D.C. 20554

January 1L 2001 ReCEIVED

JAN 11 2001

~~"2'111IJ.....,.
Attn: Wendy Austrie, Policy Division, Wireless Telecommunications Bureau

Re: Mid-Maine Wireless
Carrier Reports on Implementation of Wireless E911 Phase II
Automatic Location Identification - CC Docket No. 94-102

f\" -
Dear Ms. Salas:

Pursuant to Section 20.18(i) of the Commission's Rules and in response to the Federal
Communications Commission's letter dated December 27. 2000, Mid-Maine Wireless ("Mid
Maine") hereby submits its carrier report on implementation of Wireless E911 Phase II Automatic
Location Identification ("'AU") (CC Docket No. 94-102)1

Mid-Maine has not begun offering wireless service. To date. Mid-Maine has not received
a Phase II request from a PSAP that is capable of receiving and utilizing the data elements and has
a mechanism in place for recovering the PSAP' s costs. Accordingly. this report does not reference
any schedules for installation of the hardware and/or software needed to implement E911 Phase II
ALI and does not contain a TRS number.

At this time, Mid-Maine plans to utilize a handset-based technology but has not determined
which particular vendor to use. As it investigates and negotiates with various vendors, including
Tendler Cellular and SnapTrack (see attached), it will consider whether the products offered are
compatible with the proposed facilities and whether they are available with the features required by
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IA facsimile copy of the Declaration by an authorized company representative attesting to
the accuracy of this report is attached. A supplemental filing will be made after the original has
been received. This report is submitted with the caveat that these plans do not constitute a final
or irrevocable commitment to the AU technology the company will employ. Updates will be
provided as appropriate. See In the Matter ofRevision ofthe Commission's Rules to Ensure
Compatibility with Enhanced 911 Emergency Calling Systems: Third Report and Order, 14 FCC
Rcd 17388, 17428 (1999).
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the target subscriber base.

The contact person for Mid-Maine is

Gary Sugarman, President
44 Broadway
Bangor, Maine 04401
Phone 207-884-9911
Fax 207-884-9991
E-mail gary@midmaine.com

Please let me know if you have any questions regarding this report.

Kraskin, Lesse & Cosson, LLP
2120 L Street, N.W.
Suite 520
Washington, D.C. 20037
(202) 296-8890

Attachment
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716 232 3226 P.02/03

DECI.A~AT'~N

r, Gary Sugannan~ President of Mid-Maine Wireless ("Mid-Mainen
). do h~~hy declare

under penaltie,Ci of peJjul)' that I have read the foregoing "Carrier Reports 01"1 rmplemcntation of
Wireless E911 Phase II Automatio Location Identification" and the information contained therein
that pertains to Mid-Ma.U1c is true and accurate to the best ufmy knowledge) ulformation and
belief

Date:
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E-911 CO.\IPLl.-\.'\CE
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As [r,e? (kJciir;c r't-.)r r;:'5pomL!~~ to the E-9 II deadline Jpproache5. Ji"'!J as the?
CharrmJn or' T;:,ndkr Ce!lular, \\e \\ould lil-.:c to inform your company about the a\ailabilit\
Oi" FoneFinJer'. the first autonomous GPS handset approach to location, FoneFinde;
equipped phones arc the complete answer t'or both PhJSe r and Phase If of the: E-91 i Repon
Jnd Or'der (Sec \\\\"\\,fondincer.coml and do so \\ithout any additional infrastructure.

Tendler Cellular has de\eloped the first GPS in a handset. with the Audio\'ox CD\f
9':'/JO For.ef::-.-:;:," phllneS rr:eet::',,:; the E-91 I mandate with incredible 3-meter accuracy.

n'.e ~c?:. tc' FoneFi!1<..k:· is that it tr::lnsmits GPS location \ia synrhesized voice and
DT.\fF wnes e\er the \oice chJnnel direct ll' a PS.-\P or dispJtch oftice using your existing
nel\\Or~ Tt<s also mcJ.:iS ~;-,':::l \\i,~ the ~~-.:\ision of a F()ncFindc h::ll'iJscl die s: stem is
instantly de~:'dl): able.

It te:':~'S of t!~c n:r3! c:J:;:iers and ((\;;1pliance \\ith thc E-91 i Report and Order. no
longer does the rLlral can'ier ha\e to depend on triangulation systems where there may nor be
appropriate to'.\ers to get a tr:angu!Jtion t::-.:, );or do to\\ers have to be retrotined with
ar;yrhing. :":or does the carrier ha\e to pro\ ide a back haul to the PSA.P.

\\'ith FoneFinder-equipped phones the existing infrastructure is used. and for
automatic location. terminals at the PSAP need only be pro\ided with a Delorme map. a
DT\IF decoder and a 530 Tendier Cellular software interface (eg. S230/termi !la!).

What (his does is give your EMTs. Police and Firemen almost free location. Better
yet. i( is a\'ailable now,

,-\ddiril"lnally. FoneFindcr-equipped phones offer complete relematics in a handset.
J;,J h~1\e be:~ii likened to Cadi!be OnStar \\ithou( h.:l\ing to buy the car. This is because all
Fl"llleFinder phoneS come equipped with J pr\.ltccted 91 [ button and J roadside
.lSsistall":c cor" .. ier~C' QUtll)i1. The: l) I I .... Jlls go llircct to the PS,-\P. \\ ith [he rOJdside



asslst;Jn':e concierge calls gOing ro a third parr;. dispatch aperJtlon such as rhe Cross
C0l!:lrr: G,cup.-\-\.-\ . .-\ T\:. I ~:)OTO\\'TRl'CK and others.

I~ is J k~l:c.r-:: of t;l': F0!1-:Findcr phones rhJt iocJtivn-bascJ sen iCes such as roadsid~

JSS;st.liKe dnd cl..'l1cierge sen iCeS pro\ ide fe\ enue srreams which more rhan affser rhe cost
of the FoneFinder phones. Also. because of the unique capabiliries of FoneFindcr. carriers
C'2~ ~\.pecr r:;'~1:~ 2.ct~"'·.3ti()r!s J:-':d :J.::-!!~e.

It should be noted tnJ.t \\hile FoneFinder IS a\'atbbie ill CD\L-\,analog phones.
TD\l.-\'analog phones are in design.

.-\s rhe carriers undoubtedly kno\\·. the rural carrier can meet rhe FCC mandate by
declaring rhe intention to go \"ith the handset approach and by providing 50% of new
phones with GPS location technology, For rural carriers rhis is not a lor of ph(,nes.

We believe that FoneFinder offers the simplest and most cost effective \Vav of
meeting the mandate and does so with fully integrated GPS phones a\'ailable now.

Robert K. Tendler.
Chairman
Tendler Cellular. Inc.

65 Arlanric Avenue. Boston. \1.-\ 02110
Telephone 617-710-1339. Fax 617-7]3-7186
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An Introduction to SnapTrack™
Server-Aided GPS Technology

BIO(;R.\PHY
\.1:]r~ M1),-,~kil1 rrcei'·,:rl his B" in r·:n~il1l'l'ring in 1l),~7

from Harvcy \-Iudd Collcgc. Hc has bccn developing
GPS-relatcd sl'skms slncc ILlS9. and has been a primary
developer of the SnapTrackr~ LocationScrver technology
since joining the compJny in 19L16.

Norman Krasner received his B.S. in Electrical
Engineering from M.I.T. in 1968 and ~I.S. and PhD from
Stanford University in 1970 and 19n. He has worked in
the fields of signal processing and communication
systems design for over 30 years. including design of

many spread spectrum communication systems. He was a
co-founder of SnapTrack™ in 1995 and is currently V.P.
of Technology.

ABSTRACT
The distributed SnapTrack™ server-aided GPS system
architecture and DSP software-based receiver solution
draw fmm the best of GPS and wireless communications
technology. The DSP-based receiver is superior to
conventional correlator-based approaches in terms of cost.

sensitivity. timc-(o-fir'd·fix and power con.sumption. A

,marl ~crVl:" pro\ idc, key aiJing information and

performs navigation solutions. rn inimizing incremental
h~IIHJ,et costs and proviJing for improved acquisition
limn. sCllSitivily. and accuracy This paper will dcscri/1e

the advantages of the,e innovation, ~1I1J dCll1on,lr~lte the

technology with a presentation of field test results.

Iyr R0 f) l: CT ION

"narTrac~T" /1:1" rlt:'vcln['erl a diqrihuted server-aided
DSP-based processing approach to the problem of
lucJting wireless communication devices. The key
advantages to this approach. when compared to
cnnvellriollal GPS. arc:

I. High st'I/sitil'itr. The SnapTrack™ system can acquire
and provide fixes in conditions with as much as 25dB (a
factor of 3(0) signal attenuation or blockage. Traditional
GPS technology can have difficulty acquiring signals
when lhe attenuation exceeds 5-10 dB. This signal
sensitivity improvement allows SnapTrackT'l-enhanced
GPS to operate in difficult environments. such as most
buildings. inside automobiles. under dense foliage. and in
urhan canyons, where traditional GPS is unreliable or
unusable.

2. Loll' Tillle-To-First-Fix. Traditional GPS receivers
require from 30 seconds to selleral minutes to acquire and
track satcllites. depending upon how much information
they hallc previously gathered. In worst case
CIHJrllllI1lCllts. [he SnapTrack'" system provide, a fir,t fix

111 .IuS[ ;1 fl'w seconds. In open·sky siw;Jrions. lhl' first fix
can be performed in less than a second.

l.o~l" /,ower dissipotiol/. SnapTrackr~ technology

performs Locotiol/ Oil Demo/ld. using a snapshot of data

(lypically (1.1 to I second. depending on sensitivity
rcyuircJl. and then (urns off. The entire location operation



takes only a few second, for a "cold start In a heavily
hl"ckeJ sign31 environment. and is significantly faster if
1'1':,,1' inf,'rl11:lIi')Jl ('[Ich :IS !,'cal oscill:ltnr "U"el1 is known

"1' 'lglLd strength is high (> 1J5JBmi Thlls, in thosc
app:ic'I':,)lh which do no( requirc cllntil1l1l1l1s high·ralc
p""tiollillg, the low duty cydl' SnapTrack "1·enh:lnL·cd
(iPS rl'CL'I>Cr dl\\'pJI<:, J slll,ill IraL'tloll ,)1 (ilL' p"WI:! 01

the ,,:olllll1ullleation dnl,'e le.g .. a portabie handset! With
whi<:h ii's ll1ated.
CONVF:I;TIO:--iAL r,PS

!\ G PS Us<.',' plHitioning s,,<;Iem can DC nr"kcn into four
primary fune(iol1s:

(I) determining the code phases fpseudoranges) 10 the

varipus G PS satellites.

( ~ )dete,mining the rime-of-applicahility for the

pseudoranges.

(3) demodulating the satellite navigation message. and
(of) computing the position of the receiving antenna using

these psclldoranges, timing. and navigation message
data.

Mo.s1 commerCial GPS recelyers perlorm ali ot these

opCI' J I i 0 :1, '" j [;, Gli: J:':. ex l'" rnJ i ass is Iance. Jnth c, '"
c(lnvcntional receivers. the satellite navigation message.

and irs inherent synchronization bits. are extracted from

the GPS s'gnal after it ha' been al:quird Jnd trJcked. Bur
l:0 Ikcting th is in form aria n norm ally takes th irty sel:ond s
to seycrJI minures. Also. a high received ~ignal level
(approximately -135dBm or greater) is required from all
satellitcs to DC used in the navigation solution for the IX
second duration of sllbframes 1-3.

DISTRIBUTED SYSTEM CONCEPT
The SnapTrack™ seryer-aided system architecture

distributes the four primary functions described above

between J GPS reference receiver. a location server. and a
wireless GPS-enabled device (later referred to as a

hJndset.) The basic system model is described in Figure
I.

A G PS reference receiver gathers navigation message and

differenti:l! correcti(ln data for all satellites In view. In

anorher sY\lem configuration. the GPS reference receiver
may be replaced by a network of reference receivers to
provide cllvel':li,'e I'llI' ;1 WII!c ;lrC:I such as the contjn~nl:11

l' S

Thl' /"c,lrlon Serycr rel:cives and stores data from the GPS
r",krCIIlC I'L','C1V",1' luI' III' l I'. ulk). prOVides aiding Uala to

mobile units. and perform, navigation solurions upon
receipr of pscudorange measurements from the handset.

The aid"l~ data. sent to each handset on·dcrnJnd. i,
gencr:III.1' a list of satellires in view from rhe handset ,Ind
their rcl,lti\'e Doppkr offsch. (Estimared DIlppkr can be
improyed by using the location of the base station

l:omrnunicating with the hJnd-held device as an
approximate handset location.) This small mes~age

(approximately SO bytes) is all the handset needs to know

from the location server to extract pseudo range
information from irs short snapshot of GPS data.

The,crl ~I' JI,,) ha, a<:<:c\S :0 a terrain elel alion Uataba,c.

This allows It to perform al:curate altitude aiding for
ground-oaseLl applli.:atlons. a capabllJly !nat IS ImpracllcJI
jf lh.: ll~i, ;'::Ul;\JIJ \olutloii i" p..:rf\JI;il~~ .ll ih~ rn0bi:~. Th~

terrain eleyarion provides C\sentially an extra range
measurement. improving reliability and accuracy.

The sene!' i, able to mitigate multip:lth and reflected
signal effects using a sequential measurement
optimization (S~IO) rechnique. The server also handles
cross-correlations from strong signals onto the PRN codes

of weaker satellites. as well as eorrel:ting for atmospheric
delays.

In general. the location server is remote from the final
application. such as service centers providing display and
operator services.

The wireless GPS-enabled device can track far weaker
GPS signals than a conventional GPS receiver. because it
docs not need to decode the navigation message. But
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Figure I Basic s}'stem model
rapidly alld accurately finding the~e weaker ~ignal~

rcql/ire~ a powerful ~ignal proce~~ing element to ~earch

over the large Ilumber of PRN code~. time~-of-arrjval. and
off,e( frequcl1cie~ (due to Dorrler error~ and local
l:'''.:ifl;lti'r frcqul'lh:y c;"r"l'r\ L The DSp-rJ..,cd prDel'"'' f"nt"

dctcrlll ining p,cuJlll"angc, i, de'cribed later in thi, paper.

HOOO correlator~ would he required to mJtch the speed
and sensitivity of the SnapTrack T.... server-aided GPS fast
convolution processing technique. And the processing
'peed or this h:chnique will improve as DSP technology
,IJ\";lnc::l\.

CO~VE~TIO".\lGPS rORREL\TIOi\
TECHNIQn:S
COl1vcnti,)nal GPS receiver~ use correlation method~ to

COlliPU1C p~euJorange. A e1as,ic hardware eorn:lator
ha,ed receiver multiplie, the received ~ignal by a stored

(or generated) replica of the appropriate PRN code and
thell integrates. or 10\1, pass filters. the product to ohtain a
peak correlation signal. The initial determination of the
presence of a correlation peak is termed "acqui~ition'"

Once a signal is acquired. the process enters the tracking
mode in which the PRN code is removed. or "de~pread'"

This signal has a narrow bandwidth. commen~urate with
the 50 bit per second navigation message modulated onto
the GPS waveform. At this point. the navigation message
may be reliably demodulated if received signal strength is
Jbove approximately -135dBm for the duration of the
l1les,~agc being received.

The convenlional acquIsItion proce~~ is vcry time

c'1nsullling. e'r<'cially if receivcd signals Jre weak. To
Illlprove acqlli'ition time. mo~t CPS receivcrs utilize a
Illultiplicity of correlators Inominally -36 for a /1
channel receiver). which allows a parallcl search for
correlation peaks as a function of timc-of-Jrrival. PN

(ode. Jnd frequency offset. Recently. nlJssivcly parallel

correlators Ion the order of 2·H}) haY<' been useJ to

improve acquisition speed Jnd scn~itivity. In ncess of

H.\:\DSET ARCHITECTL'RE
Fi;u:~ ~ i' J "hand~et view" of thc SnapTrack™ server
aidcd GPS 'ysrelll. Note that the conventional tracking
loops arc replaced by snapshot memory and fast
convolution procc~sing.

At the request of either an external application. or the
hand~el u,er. the scrver send~ information on satellites in
view at the handsel's approximate location, including
Doppler predictions. After a snapshot of GPS satellite RF
data ha~ been stored in the handset memory. the DSP
proce'\Ses the data and returns pseudorange measurements
to the ,crver. along with other statistical information.
This snapshot approach allows the handset to gather GPS
data when it is not transmitting. thus eliminating potential
sci f- inte rference.
Each of the messages between the handset and the
location server is small (50-100 bytes). This represents a

,ignificant reduction in required communications
handwidth when compared to delivering differential
correctillns. almanac. ephemeris andlor satellite trajectory

data to the hand~ct.
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Fi~ure ~ Ulod dia~ram 01 DSP·ha~ed GPS rroee~sing

sy"cm

FFT-ha~ed fast convolution tet:hniques provide higher
scnsitivlty and faster acquisition speed by performing a
I.lr;,' nu:n!,cr of FFT (1rl'rati(1n.~ togcthl'r with ~pccial prc
and pust·prl.J\;essing opcratiolls [I j. It is cxpct:ted. in a
Yr i)r"('CJ\~ C,\~lirlP;~. ~hul r.h~udorangc in Ill ...., DS~ ..., in

qt~l!',: I;'l':-"'\~~~J~':' ~..;ccond'. \\'irh much fa\jcr

pel/prlll,lnec In siluation' with higher (> -115dBml sign.1I
qrcngth or DSP speed.

phasing of thi~ ~equcnce could then be compared to a
loc~1 reference sequence to determine the relative timing
between the twn. thus eqabli,hing (he p"eudorangc.
Doppler and local oscillator uncertainty complicate this
pruce~'. The serler reduce, thesc uncertainucs bJ
providing Doppler estimates .
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Figure 3 ('(Illerent and Incuherent ,UlllrnallUn with
matl'hed filtering.

Snapshot Duration (Sec.)

Figure 4 Predit:ted Sensitivity in Thermal Noise

The presence of 50-baud dut~ superimposed on the GPS
signal limits Ihe coherent summation of CIA code epochs

.~\'isumt:'i: .1.5 dB Soise Figur~
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Thl' abo\ l' prpeess is c~rrjcd out separately for c:lch

~.I!dlil~' in ,jell from [hc 'iilfllC 'ict of datil in the ,napihot
memory. since. in general. the GPS signals from different
sutellites have different Doppler frequencies and the PRN

p"tterns differ from one another.

In thc syqem de"cribed in Figure ~. received data is
down-converted to a suitahly low (-~;"IHz) intermediate
frcqucnq. digitized and qored in a buffcr memory. This
data is then operated upon using a programmable DS? Ie.
Unlike continuously tracking hardware correlalOr-based
receivers. this "snapshot" processing techniquc is not
subject to the fluctuating signal levels and changing
nalUre of the signal environment.

Each received GPS signal (CIA code) is constructed from
a high rate (I MHz) repetitive pseudorandom noise (PRN)
pattern 0 f 1023 sy mbol s, com mon Iy ea lied "ch ips,"
These "chips" resemble the waveform shown in Figure
3A. Further imposed on this pattern is low rate data.
Iran.smilled from the satellite at 50 baud. All of Ihis d,lta

is reccived at ;1 verv low si!!nal-IO-llnise ralio a~ mea~urrd

in a ~ Mil! bandwidth. 'I' the carril.'r frcqucncy and all

data r;t(es were known 10 gre~( pret:ision. and I1U data
were present. then the signal.to-noise ralio eould be
grcatly improved by summing sut:ces,ive frames. FtJr

e.l~mple. there are 1000 CIA codc epochs over a period of
I second. The first such epueh could be coherently ~dded

10 (he next. the result ~dded to the third. etc. The resull

would be a signal having duration of IO~3 chips. The



In a pcril1d n I' :!O mscc. That is. at most 20 on e·
millisecond-long epochs may be coherently added before

.LiLl s:l;n invcrsj'll1' prevent further coherent summation
(links, this d.)la is provided by the server). Additional
PfoccS\lng pin ma) be achieved through sum marilln I)f
the magnitudes lor squares of magnitudes) of thc
c1lhercl1tly sum 111 cd inrcfVah. providing thc ,en.sitivity

and accuracy shown in the curvc, of Figurcs 4 and 5.

-\ '::II,nr:II,',1 'ingl.:·':llcll'll· (iPS sinlul:lrPr ;111.1 :1

dcmllnQratiol1 sy<;tcm dcsigncd oy Sn:lpTraek 1.\1 werc

uscd to opcrilllcntally vcrify thc performancc prcdicted
ill Figure 4. Thc 20-mcter accuracy prcdictcd by Figurc 5
with a I-sceond snapshot and -150dBm signal strength
wa, al,o demon,tratcd in later field testing.

Nllh:: .'\il!n;lt f\,1.I.,. NUl he
f) ...·kllt·tl~II.,_:;l)~lU'" Inru1l.n·d

/.. r DUr.'IIIIlll Ih'llI\l, 1)5 .sc~

-150 dBm

-140dBm

Snapshot Duration (Sec.)

Figure 5 Predicted accuracy in thermal noise. HDO p:: 1.5

FIELD TEST RESVL TS

Thc SnapTrad rM demonstration syqem was used

e.~tcnsivcly for field lests designed and auditd hy

Indcpendcnt wirclcS\ carriers. Environments ranging
frum llpcn sky til Ill-vehicle. indoor and urban canylln
were in ve\ligated.

Tabk I sumlllari!.cs tcst results from seven te\llocations
vi,ltcd ovcr thc past ycar. Thesc scleeted results arc
rqncsenl:II;Vc nt':1 much brn:ldn r:lnge (If Ic't,

The leq sClup con,istcd of a I ~-chJnnel referencc

rcccivcr tran'lll iuing reference data to a PC -bJsed
location server. which communicated with a SnapTrackT\1

sensor via modem over an analog cellular phone
connection. The SnapTrack T

\4 seIhor used an off-the

shelf active patch antenna. and a long cablc. which
allowed testers to place the antenna in hard-to-reach
1'1:lccs. Preliminary resulls indicate similar performance
... ilh J "miero-helix" pas<;ive antcnna. which is more

suitahle for hanJsct inlcgrJtion[2J_

Environment Conditions Yield 68.3%
Horizontal
Error

OUldoors Open site 100% 4 meters

Urban Street. Shinbashi. Tokyo 2-10 story buildings. narrow streets and alleys 100% 15 meters

Inside Sport Utility Vehicle Parking lot surrounded by red wood trces and two-story loor,;. 17 meters

buildings. Antenna placed on inside shoulder

Two Story House Center of basement IOOq· 20 meters

Two-Story Office Building I" floor. interior '''10m 94'} 22 meters

Urnan Canyon. Denq:r. CO 20-JO S[MY builJings. wide,trecls. allilUde aideJ YX t;;' 29 mctcrs
50·Story Building Glass/Steel huilding. 21" floor. I~ ft from outside wall X9~r ll~ meters

Tallie I Fidd tesl re'lIll, summary

The system was operated such th,ll no information was

carried ovcr for each succcssive ,ample. Thus. each
succcs,jvc sn,lpsho[ can be considered an independent

"first fix." A more detailed description of each location
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'I'r,tlocalion: one-lane urban road
:\ lapanc'c wireless cilrrier selected the site depicted in
Figure oa tn represent a fairly typical Tokyo environment.
The :Intcnna W:IS placed JprrnximJtely ) feet ah"v~ t~~

ground on the ~ide of a one-IJne rOJd. surrounded by 2-10
stury building'.

Figure oc Satellites tracked by SnapTrack sen~or and
.:nnventional hilnd-held

Result> in Figure 6c show the conventional receiver
tracking 14.3% of the satellites in view over the data
collection period. while the SnapTraek handset was able
to acquire 65.3% of satellites on "eold starts" throughout

the data collection interval.

:\ convcntionill handheld GPS receiver was u~cd for
,llmparlson purpo'cs. Thi~ receiver wa~ allowed to
operiltc .:ontinuously throughout the data collection.
re,ting horizontally (antennil facing the sky) near the
antennil used for the SnapTrack handset.

Test location: sport utility vehicle
Figure 7a shows one of several test vehicles used in
SnapTrack T\4 parking lot in-vehicle testing. This lot has
moderate blockage from a two-story building. as well as
,everal redwood tree, overhead. Resultant accuracy IS

simililr [0 that observed in 010,[ indoor tests.
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Fi~urc 7a Sport utility \chide

11)::

1U:;

.'!)

SC

l ~.~

"i r,

~ .2~:z

."'11:

7~

1

i !
I

I I
I

I
I : .:'I
!
j ~J

50 75 10025o·25·50·75

i5

East (meters)

I I I I I
+---+---+1-'+-+---:-+---J
iii I

50 -:-/r-..---.....,-I--'-r-·---1f---+--·, -r-l
25 '---1--'---+-. r·l.

,.. . t

.--4---'-[.-~r--

,I ! • ~

10:

·25

I I· I
·50 :...1--1---:----+--t---t---j---t--:--'-i

75: 4-+-!-+--+---+-+--1
. i ' I! ' ~
J .. J .. 1·100

.100

~
o

Z

Figure 7h Shot pattern. "port utility vehicle

25 25 50 75 1eO

Eut ImcttcJrs)



Te~t Location: Two-story office building, interior

1JGi55C25

Easl(meers)

-i5·50

.,

100 : I l I I r·-" ;
~-~ - -- ---t---+--'' --+------'--------i--

I I I
I' I
i__~-+--I--+---+--+-~
;-- L-t-.r-':~:~~I.~".-+--t---+-.-
, I I." :-----i--·-r- -[-'--+---+--+--+---

, : J I':'---1-- --r---r---' -- ----
·75

I,. _.L_ .. L~ ,,-',----,-.~._

§
o
Z

two·qnrv commcrcial hrick huilding A, exf1cctcd, thc
;I(curacy i\ clllllpMahle to mo>l residcntiallocations. The
Il'\t CLJuipllll:nl \Va, placed in an intcrior first·f1oor room.

Figure 9h Shot pJltern. first floor interior room

Test location: urban canyon
Figure lOa illustrates a somewhat typical downtown
cllvil·olll1lellt. Figure lOb and Figure IOe demonstrate
servcr-aided systcm performance in this environment with
and without altitude aiding. In this test ca'e. altitude
aiding resulted in a 30% accuracy improvement. In

weaker signal environments. altitude aiding is very
important. improving ,atellire geometry_ as well as
providing a reliable extra measurement in the navigation

solution.

Tc\l lo(alion: hJ,Cml'll[ or 1\' o·'lor~ residence

l''<; I).,'..:'! 'l'k'(Il'd Ih, h"lh,' 111 Flgllre x~ <1\ ~ -ample
~""r!"'l ", II, r') ,I" 'I,'~ ;:1 Fi1;I.lr~ ~h. !h,~

;1\1 I<' JI 11.1 \\.h i'!,I. I,,~ ,I:,' (,'Il~l'; "r the' hJ\l'Illl'nl. (Thl' .'i-

V.,ltt .111,li(l~ !)!il i, II :, n\., pi'l\I.'~1 t'lll'ldl' {i.llllainlain

l';1o'i1.~11 '1~11.t1 \:Il'II~(I: I,'; d.ILI lOIlIl,'lll\ Ity.1 Figure Hl

"Jl"",," " ":. ,ll'lll Pl'j iIJlIJ', ,111 .... ,~· III i\l'l~ i~l\.:,I:.llltl

Figure 9J TWIHlory brid huiJJing. interior first floor

figure lOa Urhan canyon. downtown Denver
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Figure 10c Shot pattern. urban canyon. unaided

Test Location: 50-Story Glass/Steel Building, 21"
noor, 14 feet from outside wall
Figure II a illustrates a signal environment with poor

SI': 1l~t1 qre II gth and Ion g In U Iripath, III prev iou S tesls.

CJ1/Jcr rhL' ':;;l1al -.trcllglh 1;1110 tlll:n:forL' often (he
g,'ol1l,'try lor path kngth differences were poor, (n this

case. 14 feet frolll the outside w:dl on the 2 (" floor or this

building. buth problems were evidellt. creating greater

p<lsilil'n hi.lse, dll,' II) rdl"<'lIPlls IrPlll a soulh -bclIlg
buildlllg. as s/JI)WII ill Fig 111',' II h_

Denver E·911 Trial
SIl:JpTr;ld1\1 provided the ellabling GPS technology for a

ree,'n[ I:nJ-[ll-enJ IV irclcss E-Y II trial conducted in the

Dellver area, Figure 12 is a gl)lld illustration of how [he

SIlJi'TI';lC~;\I dl'lI-ibul~d ,yslel1l archileclur,' (,Ill he used,

Flu' [hi, dCl1l11nstrall,l11, a single rdnl:llce receiver

pril\' idcd ref\.'IL'I1CC inforl1Llli\ln to a loca[ion 'erver. The

SIl,lpTra(~ 1\1 S\.'Il'\lr was programmed with Ihl: Mobile

Ilknlilil':i11\111 \UlllbL'lI,\I/\1 11" an a(clllllj1anying digital

1'11<lIH', ,1I Ih:iI th\.'ir '1:j1:II';I[,' L'alls could 1:lt..,. be /llarched
bv th~ SlglI:dS\lfl Service C\1rwol Point (sep,_ (In this



to the SnapTrad suo-handset and the digital phone
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Figure I J Driving out of urban canyon

I'wviul:u EYII funl:tionality.) When the mobile user
placed a call to the Public Safety Access Point (PSAP).

Ihe two pieces of information were combined into a single
call by the sep when presenting the information to the
see database. This dat:Jbase provided call routing
in.'trll(lion' for the digitaln:1I phonc's 1I11 voice call. The
SCP was ahle III uctermillc which PSAP should receivl'
each call using the location information from the

LocationServer and :1 digital map of PSAP coverage
boundaries, The see ANI/ALI database also provided
the handset location to the selected PSAP. pin-pointing
the caller location on a GIS map display.

Figure lJ shows results from driving through an urban

canyon in downtown Deliver. The small c1u'>ters of points

in Figure I J arc located ncar stop lights 011 the mutc Ollt
of downtown. Figure J~ iilu,tratl's thc rc\ulh of dYllamii.·
vehiclc [esting on an urban highw:Jy.
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SUMMARY

Sl1apTmck IM ~erver-aided GPS jmprove~ upon
CllllHiltiollal (J I'S performance hy shilling processing and
d;Jlah.I'c fun';!Ions helween lite l!1o!lile (j PS
rcecivcr/proeC'ssnr (the clienl) and a r('molL' infrastruetLJrl'
(the server and reference network!. The result is a highly
sensitive. eo~t-effeetive. low-power. GPS receiving
system that provide, first fixes in a few seconds from a
cold slarl. even where conventional GPS is unworkable or
unreliahle

Audited field test results demonstrate accuracy of J·lon
meters (depending on degree of blockage), which is
substantially better than the 125 meters required by the
recenl FCC E9J J mandate. even in severe blockage and
multipath environments.
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