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A Composite of Presentations
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GPS Status Report
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U.S. PNT Policy
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Anticipating the Future?
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Early Commercial GPS Receivers

Texas Instruments TI-4100

Magnavox T-Set

Trimble 4000-S

Who in the 1980s 

could have 

anticipated the 

incredible evolution 

of GPS equipment, 

applications, and 

performance?
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Who Anticipated GPS in Cell Phones

♦ Sparked by the 

E911 requirement

♦ Use of Location 

Based Services 

(LBS) is exploding

♦ Improved by 

Assisted GPS 

(A-GPS)

♦ Better accuracy

♦ Location in seconds

♦ Turn-by-turn 

navigation

About a Billion Cell Phone GPS Users
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Who Anticipated Precision Agriculture

♦ One to 10 cm accuracy

♦ Far better productivity, 

efficiency, and protection 

of the environment

♦ Enabled, e.g., by MSS 

signals for the John Deere 

StarFire Service

Automatic Steering

Automatic Spray Control
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Enable The Future

♦We cannot envision future applications

♦But we CAN enable future applications by:

• Enhancing interoperability

• Improving cooperation and transparency

• Providing civil services free of direct user charges 

• Thinking more globally than regionally
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Interoperability Workshop
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Framing the Workshop

♦ In general, users don’t understand the implications 

of differences in GNSS signal structures

♦Those who do understand are companies that 

design and build the user equipment

♦For some time, ICG WG-A has been seeking input 

on what is most important for interoperability

♦Today we will receive voluntary input on 

interoperability from 9 companies and other experts

♦The input is valuable and voluntary – THANKS!
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The Goal of Interoperability

♦ Ideal interoperability 

allows navigation 

with one signal 

each from four or 

more systems with 

no additional 

receiver cost or 

complexity

Interoperable = Better Together than Separate
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Spectrum of GNSS Signals

E6B3E5b/B2b
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Tri-Lane Phase Navigation is Near

♦Over the next decade there will be a dramatic 

improvement in potential wide area GNSS accuracy

• Providing reliable 10 cm navigation

• From wide area differential code and phase corrections

• Precision agriculture will be the first large scale user

♦Enabled by having three GNSS frequencies 

♦Two will be 1575.42 MHz and 1176.45 MHz

• GPS L1/L5, BeiDou B1-c/B2-a, Galileo E1/E5a 

♦What middle frequency or frequencies will be used?
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Important Opportunity

♦Modernized signals from GPS, QZSS, and Galileo 

are clearly defined by Interface Specifications

• Interoperability was a key part of the signal choices

♦Less is known about future signals from China 

(BeiDou), Russia (GLONASS), or India (IRNSS) 

♦Working Group A (WG-A) on Compatibility and 

Interoperability of the International Conference on 

GNSS (ICG) will meet in April to encourage better 

interoperability of emerging modernized signals
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For Your Benefit

♦GNSS signal providers are seeking your input

• As odd as that may seem, it’s true

♦You are being asked to help shape the GNSS future

♦Your advice could improve GNSS effectiveness for 

your clients and for your customers

• Product and service cost, accuracy, integrity, availability, 

continuity, interference protection, C/N0, TTFF, etc.  

♦Your participation and leadership now can bring 

significant benefits to your organization in the future

• Insight, contacts, and a better GNSS
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Some Key Issues (1 of 2)

♦ Increase of noise floor in GNSS receivers

• More signals from more satellites in the same band

♦Common or offset center frequencies

• Frequency diversity vs. frequency commonality

• How many global systems should share spectrum?

♦Common signal spectra in each band or not?

♦Can minimum elevation limits be raised?

• Reduces Multipath error as well as Ionospheric and 

Tropospheric refraction error

♦ International clock and geodesy references, or not
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Some Key Issues (2 of 2)

♦ ICAO acceptance of new signals for international 

aviation

♦Transmitter bandwidth to enable better multipath 

mitigation and code measurement accuracy

♦Another common open signal for wide area, high 

precision, phase-based navigation

♦Potential to use existing or planned spare capacity 

in open service or SBAS messages to increase 

multi-GNSS interoperability
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Backup – Interoperability Results












































