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Assisted GPS
A Low-Infrastructure Approach

Innovation

Cellular telephones with embedded GPS
engines will be a reality for many in the near
future. The development of these phones is
being fuelled, in part, by the U.S. Federal
Communications Commission’s E-911 man-
date requiring the position of a cell phone
to be available to emergency call dispatch-
ers. GPS cell phones will enable wireless
location-based services (LBS), which are
emerging as a new opportunity for mobile
network operators to generate new revenues.
All prominent industry analysts report a very
steep growth in location-related services in
the next few years. Services such as driving
directions, identifying closest banks or
restaurants, and tracking of people for safe-
ty or in emergency situations (via E-911 in
North America and E-112 in Europe) are
being deployed currently by wireless network
operators.
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throughout the network and also in the cell
phone. This means an “up front” investment
by the network operator. Network-based
methods improve on Cell ID accuracy but
still do not satisfy all applications. Moreover,
because they rely on the cellular signal to
compute position, they are “cellular tech-
nology dependent” and therefore do not pro-
vide a good migration path to third gener-
ation (3G) systems (see sidebar).

AGPS is the most accurate of the meth-
ods, requiring only low infrastructure cost
and allowing a direct migration path into 3G.

In this article, we describe an imple-
mentation of AGPS which requires absolute-
ly no additional infrastructure from the ser-
vice provider to be able to provide AGPS
data to existing GPS terminals. We will dis-
cuss the main performance benefits from the
user’s point of view for the current handsets
and also for the next generation.

In this implementation, we have chosen
the Short Messaging Service (SMS) as a
bearer for the GPS assistance data because
it is a proven and available message format
and is simple to use (see sidebar). SMS uti-
lizes a low capacity channel and therefore
restricts the number of bytes which can be
sent. We have employed a compressed for-
mat of the aiding data which we will refer
to as Compact Assistance Data (CAD).

This implementation can be considered
a “pre-standard” — one suitable as a proof
of concept and commercially viable in spe-
cial applications. The source for assistance
data is a worldwide reference network of
GPS stations with sufficient coverage to track
all GPS satellites at all times.

What is AGPS?
Assisted GPS describes a system where out-
side sources, such as an assistance server
and reference network, help a GPS receiver
perform the tasks required to make range
measurements and position solutions. The
assistance server has the ability to access
information from the reference network and
also has computing power far beyond that of
the GPS receiver. The assistance server com-
municates with the GPS receiver via a wire-
less link. With assistance from the network,
the receiver can operate more quickly and
efficiently than it would unassisted, because
a set of tasks that it would normally handle
is shared with the assistance server. The
resulting AGPS system, consisting of the inte-
grated GPS receiver and network compo-
nents, boosts performance beyond that of the
same receiver in a stand-alone mode.

There are three basic types of data that
the assistance server provides to the GPS
receiver: precise GPS satellite orbit and

LBS rely on some method of computing
the user’s location. One simple method uses
the nearest cell tower as an approximate
position; this method is called Cell ID and
is currently used by operators that have
already introduced commercial LBS. While
Cell ID accuracy (the size of the cell tower
coverage, normally several kilometers) is
adequate for a number of applications, it
is clearly not enough to meet the demands
of applications such as E-911. Thus,
advanced positioning methods that lever-
age mobile-network resources have been
proposed. These techniques can be divid-
ed into network-based and handset-based
solutions such as GPS and in particular,
assisted GPS (AGPS).

In order to improve Cell ID accuracy, net-
work-based positioning methods require the
installation of hardware and software

Have you ever tried to use a GPS receiver indoors? Chances are, unless you were on the top
floor of a wood-frame house and using a receiver with ample antenna gain, you couldn’t get a
position fix. GPS is a marvelous positioning tool but it does have some weaknesses, one of
which is low signal power. And unlike cellular telephones, conventional GPS receivers do not
work well, if at all, unless their antennas have a clear view of the sky. Although future GPS satel-
lites will transmit signals with higher power, it will be a decade or more before the current con-
stellation of satellites is fully replaced. In the meantime, how can GPS be used in skyscraper
canyons, inside office buildings, and even in underground parking garages? Assisted GPS
comes to the rescue! In this month’s column, a team of researchers from the United States and
Finland describe their approach for assisted GPS — one which does not require a huge infra-
structure investment for service providers.

Dr. Jimmy LaMance is Director of GPS Algorithm Development at Global Locate in San
Jose, California. He is responsible for developing AGPS technology for use in the telecommuni-
cations industry. Prior to joining Global Locate, LaMance was a principal in Constell, Inc.,
which specializes in custom and semi-custom GPS development for low volume, high perfor-
mance applications. Javier DeSalas is Vice President of International Sales for Global Locate.
He is responsible for business development and sales outside the United States. Prior to joining
Global Locate, he was Director of International Sales for Ashtech. Jani Järvinen has worked
for Benefon Oyj in Salo, Finland, since January 1998. He started his career in a European
Union-funded research project called MORE (Mobile Rescue Phone for Disabled and Elderly
People) as project manager and speech interface specialist. The MORE phone was the very first
mobile phone to include a stand-alone 12-channel GPS receiver based on the Rockwell Jupiter
chipset. Subsequently, he initiated and managed the Benefon Track product program with
research and design as well as marketing responsibilities. His current position in Benefon
includes business development of current products and strategic business development in new
product innovations.
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clock information; initial position and time
estimate;and for AGPS-only receivers, satel-
lite selection, range, and range-rate infor-
mation. The assistance server is also able to
compute position solutions, leaving the GPS
receiver with the sole job of collecting range
measurements. Figure 1 shows the archi-
tecture of AGPS implementation compared
to conventional GPS.

AGPS Implementation
An example of a GPS-equipped cell phone
already on the market is the Benefon Esc!
This phone features a core dual-band Global
System for Mobile Communications (GSM)

900/1800 engine for wireless communica-
tions, a SiRF-enabled GPS receiver for pre-
cise positioning and personal navigation,
mobile maps, Friend-Find, and Mobile Phone
Telematics Protocol (MPTP) among the
other standard GSM functions.

One of the phone’s most innovative fea-
tures is its ability to download topographi-
cal, street or city, nautical, or personal maps
suitable for use at any time directly via a lap-
top computer, home PC, or from the Internet.
The phone’s user interface allows various
operations, from waypoint navigation to
locating a friend using SMS and MPTP to
exchange location information.

The Benefon Track, a sister product to
Benefon Esc!, uses the same platform for
communications and positioning but has
a user interface tailored for professionals
who work alone and individuals desiring per-
sonal security through location knowledge.

One of the most important features in the
Benefon Track is a dedicated emergency but-
ton located clearly at the top of the phone.
This button activates a procedure that instant-
ly initiates a location message and a voice call
to a user-definable number. This phone also
features a wide range of special telematics
functions such as tracking, condition check,
and status messaging which all use position

FIGURE 1 A stand-alone GPS receiver (a) must search for satellite
signals and decode the satellite navigation messages before com-
puting its position – tasks which require strong signals and addition-
al processing time. A cellular telephone network can assist a GPS

receiver (b) by providing an initial approximate position of the
receiver and the decoded satellite ephemeris and clock informa-
tion. The receiver can therefore utilize weaker signals and also more
quickly determine its position.
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Cell Phones: Generation Next
The cellular communications industry has gone through several gen-
erations of systems since the first commercial cellular networks were
introduced in the early 1980s. The first networks to be implemented
were based on analog principles. Limited testing of one of the first
analog systems – the Advanced Mobile Phone Service (AMPS) began
in North America in 1978 using the 800 MHz band. Commercial
AMPS services started here in 1983 and are still operating. Various
analog systems entered service in Europe and elsewhere during the
1980s. 

In an effort to increase network capacities and to more easily pro-
vide additional services to cell phone users such as fax, data com-
munications and text messaging, digital networks were developed.
These second generation systems made their first appearance in
Europe. Europe had nine incompatible analog systems making roam-
ing between systems difficult if not impossible. Planning started in
the early 1980s to develop a standard which would lead to the cre-
ation of a single Europe-wide digital mobile service with enhanced
voice and text features (Short Messaging Service) and easy roaming.
This system was called GSM, initially for Groupe Speciale Mobile, the
name of the study group which developed the standard, but it now
stands for Global System for Mobile Communications. GSM started
operations in Europe in 1991 and its use has now spread worldwide
including a recent introduction in North America. Most systems in
Europe operate in the 900 MHz band while in North America, the 
1.9 GHz band is used.

In North America, digital service began in 1992 with the conver-
sion of some AMPS analog channels to digital using Time Division
Multiple Access (TDMA), a technique which assigns specific time
slots to different transmissions on the same frequency channel, inter-
leaving the signals and thereby increasing the capacity of the chan-

nel. (GSM also uses TDMA.) Digital AMPS, or D-AMPS, features a max-
imum data rate of 9.6 kilobits per second and supports Internet
Protocol data transmissions over the Cellular Digital Packet Data
(CDPD) service. In 1995, a different digital technique was introduced
by some North American network operators: Code Division Multiple
Access (CDMA). CDMA encodes transmissions from different users on
the same frequency using spread spectrum techniques – the same
frequency sharing approach used by GPS.

Wireless 3G systems will offer high-speed data transfer capabili-
ties comparable to those currently available on wired networks —
speeds of at least 144 kilobits per second. This high-speed service
will permit a wide range of enhanced multimedia services to the
mobile user including permanent access to the Web, interactive
video, and CD-quality sound. In addition, 3G systems will offer a
high degree of commonality of design permitting global roaming. 3G
systems will be based on packet switching technology rather than
the circuit switching used by 2G systems. Circuit switching networks
initiate and then maintain an open connection between users for as
long as it’s needed. Packet switching is a digital communications
technique in which digitized voice or data is subdivided into small
units (packets) and relayed through sites in a network along the best
route available between the source and the destination. Packets from
different sources can be interleaved for transmission on the network
and are reassembled at the destination. Packet switching increases
network capacity and efficiency.

3G systems will not be with us for several years. In the meantime,
2.5G systems are being introduced to bridge the gap between sec-
ond and third generation systems. These systems feature higher data
rates than second generation systems to provide services such as the
General Packet Radio Service (GPRS) which is currently being added
to GSM systems.— R.B.L.
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as a key element. Both of the phones have sup-
port for enhanced Cell ID-based network posi-
tioning which is combined with GPS to pro-
vide users a hybrid positioning capability.

Initial User Groups
Many people benefit from a system that
gives them their position and communicates
it to a service or call center. Many applica-
tions discussed today address wide-spread
acceptance of LBS in the consumer market.
Yet many of the LBS providers are not ready
to support these large-scale commercial 
services. Therefore, we have targeted our
AGPS phones to customers who currently
support location information and to users
looking to combine the functionality of a cell
phone with a GPS receiver for recreational
use.

One target market is comprised of people
who work in dangerous jobs (such as secu-
rity guards), people who work alone (such
as field engineers), and people who are more
commonly in need of assistance (such as
nurses and health care workers). These pro-
fessionals and others like them benefit from
being able to locate someone immediately
from a remote location and for the workers
to be able to request assistance by pressing
a single button. These actions are made pos-
sible by exact location obtained by using
the GPS receiver with assistance and net-
work positioning in those areas which are
not covered by stand-alone GPS.

Another market targeted by our products
includes companies which have field per-
sonnel and cell phones and location infor-
mation for workforce management. Examples

Figure 2 shows the assistance data system
architecture. Global Locate provides the ref-
erence network and the hub for archiving the
information. MSLocation Oy (a Finnish loca-
tion services company) provides the serv-
er that receives requests from the phone,
requests information from the Global Locate
hub, then sends the SMS messages with orbit,
clock, position, and time information.

Why AGPS?
AGPS architectures increase the capability
of a stand-alone receiver to conserve battery
power, acquire and track more satellites,
thereby improving observation geometry, and
increase sensitivity over a conventional GPS
architecture. These enhanced capabilities
come from knowledge of the satellite posi-
tion and velocity, the initial receiver position,
and time supplied by the assistance server.

The received GPS signals are shifted in
frequency due to the relative receiver-satel-
lite motion. This is the so-called Doppler 
frequency shift. The receiver must find the
frequency of the signal before it can lock
onto it. Knowledge of the satellite position
and velocity data and the initial receiver
position reduces the number of frequency
bins to be searched because the receiver
directly computes the Doppler frequency
shift instead of searching over the whole pos-
sible frequency range. Satellite position and
velocity data are computed from the orbit
and clock data provided by the assistance
server. The initial receiver position can
come from Cell ID techniques or any other
available source of information. Reducing
the number of frequency bins which must
be searched to acquire the signal reduces
the time-to-first-fix (TTFF).

Shorter Wait. TTFF is further reduced
because the receiver no longer has the task
of decoding the navigation data bits, a task
that takes tens of seconds. Instead, the assis-
tance server provides the satellite orbit and
clock parameter values to the receiver.
Shorter TTFF results in reduced power con-
sumption  because the system does not have
to wait for the GPS receiver to decode the
navigation data for each visible satellite.
If the receiver had to decode the ephemeris
from the broadcast message, it would take
a minimum of 18 seconds after acquiring the
signal, assuming that it did not drop or lose
any data bits. In practice, TTFF (when decod-
ing ephemeris data) is in the range of 20-60
seconds for environments where the receiv-
er has an unobstructed view of the sky. If the
environment is harsh, such as an urban
canyon or even indoors, the receiver may
take much longer to recover the data bits, if
it can recover them at all.

of these companies are those with service
personnel such as heating repair technicians
who make many calls in different locations
during a single business day. This same tech-
nology applies equally well to dispatch-dri-
ven services. The phones provide a commu-
nications link to give instructions and new
tasks. Location knowledge improves the effi-
ciency of the moving workforce.

In the future, field personnel can be
equipped with a sophisticated PMG
(Professional Mobile Radio over GSM) fea-
ture allowing them to use cell phones like
“walkie talkies” using the emergency button
as a push-to-talk switch.

Assistance Data
Global Locate owns and operates a world-
wide reference network which continuous-
ly tracks the GPS satellites and logs the satel-
lite tracking information into the reference
hub. This tracking network allows us to pre-
dict satellite orbit and clock information for
many days into the future. This information
can then be used for AGPS. This feature of
the network removes the reliance on the
broadcast ephemerides and allows access
to satellite orbit and clock data, in standard
formats, not just for the current epoch but
for times into the future. For example, a
phone could request the orbit and clock
data during off-peak times for the following
day. This reduces the network traffic for
assistance data during peak hours and pro-
vides the user with an all-day capability for
location services without requesting assis-
tance data. This concept can be easily
expanded to many days of operation.

FIGURE 2 Assisted-GPS requires a worldwide tracking network for obtaining the naviga-
tion messages of all satellites and data processing hubs along with a server which feeds
data to a Serving Mobile Location Center (SMLC) or Mobile Position Center (MPC) oper-
ated by a network service provider. Data is sent to individual cell phones using
Hypertext Transfer Protocol (HTTP) and the Short Messaging Service (SMS).
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Greater Sensitivity. Increased receiver sen-
sitivity is directly related to the TTFF and the
number of frequency bins which must be
searched to find a satellite signal. Because
the receiver has fewer frequency bins to
search in an AGPS architecture, it can dwell
in each bin for longer periods of time. This
additional dwell time increases the sensitiv-
ity of the receiver, so that it can use signal
strengths below the conventional thresholds
to make range measurements. In addition,
when the higher sensitivity is required, the
navigation data bits would be difficult if not
impossible to decode. Therefore, this tech-
nique allows the use of satellite data which
would have otherwise been unavailable.

Customer Satisfaction. Although discus-
sions of TTFF and navigation data bits are
compelling to engineers, the real reason for
implementing AGPS is customer satisfaction
when using location or E-911 services. With
AGPS, the position can be computed more
quickly, on the order of a few seconds. If the
position solution took minutes, as is com-
mon with warm starts in conventional GPS
receivers, the consumer might become frus-

trated while waiting and wonder whether
there was anything wrong with the phone.
The typical cell phone consumer has grown
accustomed to applications which work in
a few seconds. Location services should
behave the same way to gain customer
acceptance beyond those already familiar
with, and accustomed to, the performance
of GPS receivers.

Infrastructure Requirements
SMS is currently available in most cellular
networks and supports store and forward low
data rate messaging services. The General
Packet Radio Service (GPRS) is the next gen-
eration of mobile messaging and is available
in the so-called 2.5 Generation (2.5G) cel-
lular systems. GPRS provides packet data
services (“always on”) with rates compara-
ble to a 56 kilobit per second modem.

In the next generation of cell phones, 3G,
data rates will be even higher in order to pro-
vide services such as streaming video,
streaming audio, and high speed Internet
access. 3G features “bandwidth on demand”
depending on the quality and type of service

the customers requests with data rates up to
2 megabits per second. 3G services are not
yet available from the handset manufactur-
ers, but the standards are being finalized and
services are planned to start within the next
few years.

Our AGPS system uses SMS because of
the widespread availability of the service.
SMS data rates and latencies provide ade-
quate performance for AGPS purposes.
However, special considerations were
required to accommodate satellite orbit and
clock information into the SMS constraints.

SMS Data Compression
Our worldwide reference network, hub, and
server infrastructure tracks the GPS satellites,
computes current and predicts future satellite
orbit and clock information, and provides that
orbit and clock data to AGPS systems. The
tracking network provides the raw tracking
information to the hubs, as shown in Figure 2.
Global Locate provides algorithms that con-
vert raw orbit and clock information into an
ephemeris-like format compatible with ICD-
GPS-200C ephemeris propagation equations.

What is SMS?
The Short Messaging Service (SMS), also called the Short Message
Service, is a feature of digital cellular telephone networks which
permits the transmission and reception of brief text messages using
a mobile phone. It debuted in the early 1990s with the inauguration
of Global System for Mobile Communications (GSM) networks in
Europe.  Messages may be up to 160 characters in length for lan-
guages based on the Latin alphabet and up to 70 characters for
non-Latin alphabets such as Arabic and Chinese. Binary messages,
including data for phone applications, may also be exchanged via
SMS. Each binary message is typically limited to a length of 140
bytes.

SMS is simple to use. You type a message on the phone keypad,
cycling through the characters assigned to each key to select the
one desired. Some phones have special dictionaries which attempt
to predict which word you’re trying to spell. Once the message is
composed, you specify the phone number of the recipient and send
it. The recipient sees the message displayed on his or her phone.
What if the destination phone is switched off when a message is
sent? SMS is a store-and-forward system. The messages go via a
messaging center and each network has one or more such centers
to handle SMS messages. The center will store the message until
delivery can be made – typically for as long as 72 hours.
Confirmation of receipt can be requested assuring the sender that
the message has been received.

Some networks permit messages to be exchanged between
phones and the Internet permitting limited e-mail capability.

SMS messages can be sent or received at the same time as a
voice or data call is in progress since SMS uses a signaling path (one
of the auxilliary channels used by the network to register the phone
as active, notify a user of an incoming call, synchronize communi-
cations, facilitate cell handoffs, etc.) rather than the voice or data
channel.

In addition to person-to-person messaging, SMS is used to notify
a cell phone user of new voice or fax or e-mail messages waiting to
be read. In fact, voice mail notifications account for a vast majority
of SMS traffic. SMS is also used to broadcast share prices, sports
scores, weather, flight information, news headlines, lottery results,
and even jokes and horoscopes. SMS can be used to remotely moni-
tor machines, to read meters, and to notify a distributor that a
vending machine is empty. Using GSM’s  Subscriber Identity Module
security features, SMS can be used to pay bills. SMS can support vir-
tually any application requiring short bursts of data.

SMS is wildly popular in Europe, particularly among young peo-
ple.  The GSM Association estimated that in December 2001 alone,
approximately 30 billion SMS messages were sent over GSM net-
works.

Although SMS is an integral component of GSM networks, it has
been adopted as the text messaging protocol on other types of digi-
tal cell phone networks including those using different flavors of
time division multiple access (TDMA) and code division multiple
access (CDMA) – the techniques used by most North American digi-
tal cell phone networks. Even so, SMS has been slow to catch on in
the United States and Canada. This might be because of the wide-
spread use of home computers and conventional e-mail and the rel-
atively low cost of wired telephone and Internet services compared
to Europe. Another deterrent is the restrictions that some North
American networks currently impose on SMS users. For example,
some networks only permit the reception of SMS messages. And
some only permit the exchange of messages between users on the
same network. However, national and international SMS roaming
between networks, like that already available for voice transmis-
sions, is under development. Also, some North American cell phone
companies are converting their TDMA networks to GSM — a move
which will facilitate the full use of SMS messaging capabilities. —
R.B.L.



overall size of this data set by using a unique
CAD scheme which fits orbit and clock
information from three satellites into a sin-
gle SMS message in addition to the initial
position and time information. Therefore,
assistance data takes 3-4 SMS messages
instead of the 8-12 required to broadcast the
full uncompacted data set.

The CAD compression scheme utilizes 138
bytes for the satellite orbit, clock, initial posi-
tion, and time data. The additional two bytes
are used to manage the message count and
message sequencing. Each SMS message
contains a full set of satellite information for
the satellites included in the message, pro-
viding a robust architecture in the event a
subset of the messages was lost. For exam-
ple, in the event that 1 out of 4 SMS messages
was dropped, satellite orbit and clock data
for up to 9 satellites would still be available.

This robust and compact method to com-
municate with the AGPS receiver is a pre-
standard implementation. With the advent
of GPRS and 3G messaging services, the
requirement for extremely compressed assis-
tance data will diminish. However, a robust
method of ensuring that an adequate sub-
set of information is available to the AGPS
receiver will still be required to provide the
customer with the best location-based ser-
vice experience.

Phone Modifications Required 
The handsets we used to test our approach
include a GPS receiver as an integral part of
the phone. However, we had to modify the
phone in several ways to upgrade it to an
AGPS system. We modified the phone
firmware to request assistance data via the
SMS, convert the data from the SMS format
to one compatible with the GPS receiver, and
to load this data to the GPS receiver.
Therefore, we recreated that data structure
in the firmware based on the assistance data
received via SMS. Location information can
be extracted from the phone in three ways:
through display as latitude and longitude,
through the phone’s National Marine
Electronics Association (NMEA) 0183 port or
by using MPTP wirelessly over SMS. Similarly
the phone could be remotely configured for
various operating modes by using MPTP.

We also had to make minor modifications
to the phone software to interface the phone
to the SMS server and the Global Locate net-
work. The assistance data is available in
Hypertext Transfer Protocol (HTTP) format
and is bit packed for immediate packing into
the SMS messages. MSLocation provided
the interface between the SMS messages and
the Global Locate server. Additional soft-
ware was added to the phone processor to

unpack the assistance data from the SMS
messages and convert that data into an ICD-
GPS-200C data format.

MSLocation provided the initial position
for use in the AGPS aiding data. This initial
position is based on Cell ID, time slot, sector
information, and cell tower location. The
combination of GSM-network-based position
solutions and AGPS provides a strong part-
nership for an optimal combination of tech-
nologies to provide location information.

AGPS Performance 
We have tested the performance of our AGPS
approach for TTFF and position accuracy.
We conducted the testing in both open and
urban environments. TTFF was measured
relative to the time when the assistance data
was received at the phone and power con-
sumption was monitored during the testing.

Special software was loaded into the
phone to clear the memory of the GPS receiv-
er prior to requesting a position solution. In
these tests, the GPS receiver memory would
be cleared and the assistance data request-
ed. After the assistance data was converted
to the format for the receiver, the position
computation was requested. This test con-
figuration used power directly from the
phone battery and the built-in GPS antenna.

Figure 3 compares TTFF performance
using AGPS assistance data and when
decoding the navigation data from the satel-
lite broadcast. We collected the data for this
particular test using on outdoor rooftop
antenna. The AGPS performance provides
typical TTFF of 30 seconds compared to
about 48 seconds for decoding the naviga-
tion data. This is a significant performance
increase which directly impacts customer
acceptance and usability of AGPS technol-
ogy. It is also interesting to note that decod-
ing the ephemeris takes 18 seconds (900 bits
divided by 50 bits/second = 18 seconds).

For this application, the satellite orbit and
clock information is compressed to best uti-
lize the SMS messaging capability. This process
of tracking the GPS satellites and computing
orbit and clock data allows us to provide assis-
tance data to the AGPS-equipped phone in a
standard format while providing the best pos-
sible validity periods into the future.

The limiting factor on SMS messages is
the overall length of about 140 bytes (accept-
ed by most services, but length limitations
vary by provider). Therefore, the satellite
orbit and clock data must be organized to
fit into these 140 byte blocks.

To send the full broadcast ephemeris con-
tent for each satellite in view would take one
SMS message per satellite, resulting in 8-12
SMS messages per set of assistance data
(assistance data is only provided for those
satellites which should be in view from the
initial location). However, we reduced the

FIGURE 3 The time-to-first-fix (TTFF) is
considerably reduced when a GPS receiv-
er is assisted with data provided by a cel-
lular telephone network as this test data
shows.
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Figure 4 shows the output position per-
formance for the position computed using
both broadcast ephemeris and AGPS assis-
tance data compressed over the SMS data
link. The resulting one-sigma accuracy shows
a slight improvement relative to that using
broadcast orbits.

Future Enhancements
GPRS when available will provide a more
efficient medium for transmiting AGPS assis-
tance data over the network in comparison
to today’s SMS or circuit switched data.

When handsets are upgraded with the lat-
est GPS chip technology, true indoor GPS
performance will become a reality. �

Manufacturers
The Global Locate worldwide tracking net-
work uses Trimble (Sunnyvale, California)
12-channel, survey-grade reference receivers.
The Benefon Esc! and Track cell phones fea-
ture an embedded GPS receiver manufac-
tured by u-blox AG (Thalwil, Switzerland)
using the SiRF Technology, Inc. (San Jose,
California) SiRFstar chipset.

“Innovation”is a regular
column featuring 
discussions about recent
advances in GPS technol-
ogy and its applications
as well as the fundamen-
tals of GPS positioning.
The column is coordinat-
ed by Richard Langley of

the Department of Geodesy and Geomatics
Engineering at the University of New
Brunswick, who appreciates receiving your
comments as well as topic suggestions for
future columns. To contact him, see the
“Columnists”section on page 4 of this issue.

FIGURE 4 Since an assisted GPS receiver
can work with weaker signals, additional
range measurements are available to it
which can result in increased position-
ing accuracy, as illustrated here.
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