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GNSS Systems: General Properties

Position, Navigation, Timing (PNT)

Four + synchronized timing signals from
known locations in space required for
navigation

Two + frequencies measure ionosphere
Control, Space, User Segments

Open and Restricted Services



GNSS-aided Time and Freguency Systems
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GNSS for Telecom Timing

Antenna required

— Top of building implies space rental, lightning
ISsues

— Through window gives limited visibility, sats come
and go, GEOs are fixed

Recelver needs Qu or Rb oscillator
— Provides signal, steered to sats
— Stability/cost trade-offs

Telecom timing signals required

Error/failure/attack mitigation
— RAIM
— Duplicate/backup timing
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GPS History
from Brad Parkinson

The Eras of Satellite Navigation

Pioneers -Transit

1st Oper. Sys. / Transit (Jan 1964-1996)
New Systems Proposed (mid 1960°s)
+ 621B (USAF)
« TIMATION (NAVY)
 UPGRADED TRANSIT (NAVY)
“Joint” Program Office (JPO) 1972
- Director, Col. Parkinson
“GPS"” System Defined/ Labor Day 1973
Development Approved / Dec 22, 1973
GPS Operational April 1995 (21.4 yrs)

Deployment
and
Applications Developm

10/1/2009

GPS World Dinner

Upgraded GPS +
Galileo and
GLONASS

“Rejuvenation”




GPS History
from Brad Parkinson

Five Major Engineering Challenges (For GPS Success)

1. Details of GPS CDMA Sigl‘lﬂ' structure (coherence, acquisition,

spreading, com. structure, error correction, message structure, etc.)

2. Space-hardened (upper Van-Allen belt qualified) atomic clocks

3. Orbit prediction - a few meters (URE) in 90.000 miles
of travel

4. Spacecraft lifetimes approaching ten years (GPS
affordability)

3. User equipment that could eventually be miniaturized
and produced at low cost.

10/1/2009 GPS World Dinner




GPS Satellite Signals

21.3°

—

lonosphere
75 to 400 Km
\/\/\

20,162.61 Km
(~12,531 mi.)

12-hr Orbit

Free Electrons
Charged Particles
2 to 50 ns delay

L, 1575.42 MHz

P-Code 10.23 Mcps
Data 50 bps

L, 1227.6 MHz
P-Code 10.23 Mcps
Data 50 bps

Four Satellites
needed for
3-D navigation

Maximum Doppler
Shift

between Satellites
~ + 6KHz

Courtesy H. Fruehauf, ViaLogy LLC
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Present & Upcoming GPS,
Glonass & Galileo Signals

&

L2 Py

WAAS, EGNOS, MSAS,
GAGAN - generated
L1-C/A Look-alike

| OAL-CL
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U.S. Policy

« The U.S. supports free access to civilian GNSS signals
with public domain documentation necessary to develop
user equipment

GPS 1s a critical component of the global information
infrastructure

— Compatible with other satellite navigation systems and
interoperable at the user level

— Guided at a national level as multi-use asset
— Acquired and operated by Air Force on behalf of the USG

« The U.S. policy promotes open competition and market
growth for commercial GNSS

GPS is a Global Public Service providing
consistent, predictable, dependable performance

Presented by Robert M Hessin, Acting Director, US National Coordination
Office for Space-Based PNT, 14 Sep2009, 4t ICG
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GPS Today

Operated by Space Professionals in 24
Space Operations Squadron at Schriever
AFB, CO

Largest Ever Constellation
« 11 Block ITA
« 12 Block IIR
« 7 Block IIR-M + 1 in on-orbit test
Residual Satellites
« 4 Block ITA
Most Recent Launch
« IIR-21(M) — 8th & Final ITIR(M)
« Launched 17 Aug 09
« SVN 50
» Last Delta II Booster for GPS Launch
Next Launches
« IIF-1 - CY10

Presented by David Buckman, PNT Command Lead, AF Space Command,
14 Sep2009, 41" ICG
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GPS Tomorrow

1995 2005 2010 2014 - 2025
GPS IIA GPSIIR / IIR-M GPS IIF GPS III

Space

‘i

= H : e i,
» Standard Service

- Single frequency (L1) + ITA/TIR capabilities * IIR-M capability plus » Backward compatible

+ Coarse acquisition code plus d civil sienal » 3rd civil signal (L5) : 131}3{;1:;:{%;31 151;&1{;
na.wgatmlj. (-—]l_:lﬂcf}ﬂ’“l S1Z1a » 2 Rb + 1 Cs clocks Error than IIF
» Precise Service

] - » M-Code (L1iM & » Increased availability
(LiY & L2Y) L2M) » Increased integrity

» 12-year design life

* Y-Code navigation

Architecture Architecture Next Generation

Ground ,
Legacy Evolution Plan Evolution Plan Control Segment

Presented by David Buckman, PNT Command Lead, AF Space Command,
14 Sep2009, 4" ICG
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GPS Tomorrow

LaC

Provides high-performance Civilian Navigation Message (CNAV) and
ionospheric correction for civil users with L1C/A

Transmissions began 2005 on IIR-M vehicles
Currently, 7 IIR-Ms transmitting L2C dataless
“Type 0" CNAV messages will begin Fall 2009

» Allows UE manufacturers to begin developmental testing with ICD-
compliant L2C broadcasts

Full CNAV implementation on IIR-M, ITF and III with OCX

Provides safety-of-life applications, is open to all users, and protected
in Aeronautical Radionavigation Service band

On-orbit broadcast 10 Apr 2009 secured ITU frequency filing with
dataless broadcast on IIR-M (20)

Full CNAV implementation on IIF and III with OCX

Presented by David Buckman, PNT Command Lead, AF Space Command,
14 Sep2009, 41" ICG
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GPS Tomorrow
Semi-codeless transition

GPS receivers attain very high accuracy by using "codeless" or "semi-
codeless" techniques that exploit the encrypted military GPS signals
without actually decoding them

Techniques will no longer be necessary once the new civil GPS signals are
fully operational

US government published a notice for users to transition to GPS civil-
coded signals by December 31, 2020

* Provided time for an orderly and systematic transition
« Based on launch schedule and projected budget
US government led community-wide collaboration on this transition plan

US is committed to continually improving GPS services as users complete
a timely transition to dual-coded civil GPS equipment

Example of successful communication and collaboration...win-win situation

Presented by David Buckman, PNT Command Lead, AF Space Command,
14 Sep2009, 41" ICG
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GPS Tomorrow
New Control Segment

» Architecture Evolution Plan (AEP)
Transitioned in 2007
Modern distributed system replaced 1970’s era mainframe

Increased capacity for monitoring of GPS signals to 100% worldwide
coverage (was 96.4%) and have 99.8% of world double covered

Increased worldwide commanding capability from 92.7% to 94.5%
while providing nearly double the backup capability

« Next Generation Control Segment (OCX)
— Commands & monitors all GPS signals
+ Including modernized signals (L2C, L5, L1C, M-code)
Two development contracts awarded — Nov 07
Down select of contract in 2009
Net-centric architecture
Enhanced security

Presented by David Buckman, PNT Command Lead, AF Space Command,
14 Sep2009, 41" ICG
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GPS Tomorrow
New Control Segment

sAO stated concern in an the April 2009 report regarding AF “ability to
acquire new satellites in time to maintain current GPS service without
interruption.”

Air Force testified before Congress on 7 May 2009 on constellation
sustainment strategy

* Timely acquisition supported by mission assurance practices incorporating lessons
learned from IIF program

Robust risk mitigation methods including use of residual satellites, power
management , and launch schedule adjustment

« US Air Force

* Committed to meeting or exceeding our performance commitments to worldwide
users...as we have for 14 years!

Presented by David Buckman, PNT Command Lead, AF Space Command,
14 Sep2009, 41" ICG
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GPS Status Summary

GPS is healthy — largest constellation ever, producing
best signals ever

» Tremendous accomplishments in the last year

GPS moving forward with development and deployment
of new civil signals -- improving navigation accuracy
and robustness

Each segment modernizing with ‘reduced-risk’ steps

International cooperation critical to future successes

Presented by David Buckman, PNT Command Lead, AF Space Command,
14 Sep2009, 41" ICG
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GLONASS

GLONASS constellation deployment na%)m

POCKOCMOC

20 I 2002 I 2003 I 2004 I 2005 I 2006 I 2007 I 2008 I 2009 I 2010 I 20:11 m L1 °F+ LZOF transmlts
R by 18 Glonass-M sats
Only L10OF transmits
by 1 old Glonass and 1
Glonass-M sats

Satellites in constellation:

L10F /

7 MNew
GLONASS
signals

Satllite in constellation

18 Glonass-M
SatEIlites available AUl Aud g 3 I1'| II.II'|2 22JIU 'dJI'H 'd.ll'm 'dll'm 'd}:!.' 'd.l:l? "J.?:H a.[lﬂ 22.;.'1 1}.['22 "J.I:‘JJ 'dJ;H 'd.;du

for double frequency

measurements I_} Constellation Update based on GLONASS-K

sl GLONASS-K Flight Tests

ICG WORKSHOP  30..31 July 2009 3

Presented by Reshtec Co., ICG, 30July2009




GLONASS
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- GLONASS to GPS time correction —=— GLONASS to UTC time correction

Presented by Reshtec Co., ICG, 30July2009




GLONASS

@ Navigation satellite “Glonass-M”

POCKOCMOC

Main features
* Guaranteed life time 7 years; T i e
* Mass 1415 kg; . Kankn
» Clock stability 1e-13; L
« Attitude control accuracy 0,5 deg;
* Level of unpropogated forces 5e-11 m/c?
* Navigations signals:

4 signals in L1 and L2 bands with FDMA EIA O
S SNk GHHC
' . LA EMHE

Main features
+ Extended life time AT &
* Second civil signal L2 L = B : BV
* Increased board clock stability
* Improved attitude and the solar panel
pointing accuracy
* Improved dynamic model
* Using Inter Satellite Link (ISL)
measurements for improvement ephemeris
and clock navigation data

PEAMITE Mk A G TR RN

&'y EahH

\

ICG WORKSHOP  30..31 July 2009

Presented by Reshtec Co., ICG, 30July2009




GLONASS

@ Navigation satellite “Glonass-K”

POCKOCMOC

’
Main features

Guaranteed life time 10 years;
Mass 995 kg;
Clock stability 1e-14;
Level of unpropogated forces 1e-11 m/c2

Navigations signals:
Four FDMA signals in L1 and L2 bands

New CDMA signals in L1, L2, L3 bands

e
Main features
+ Extended life time;
New CDMA navigating signals
Improved attitude and the solar panel pointing accuracy
Dramatically decreasing level of the unpropogated not
gravity forces;
Provides the high precision thermal control for cnboard
clock (0,1°- 0,5°C);
Additional suffering disaster payload

(Cospas-Sarsat)

ICG WORKSHCOP  30..31 July 2009

Presented by Reshtec Co., ICG, 30July2009




GLONASS

GLONASS constellation deployment program

[ December 2009 -

September 2009 — Launch 3 “Glonass-M” sats
launch 3 “Glonass-M” sats — -
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F_| rst “Glonass-K” fligi;t__-
test model launch

ICG WORKSHOP  30..31 July 2008 19

Presented by Reshtec Co., ICG, 30July2009




GLONASS
3D

The direction of GLONASS navigation signals ,.uernes
rodkBioc modernization T

Introduction of new CDMA signals

Provide bhetter potential accuracy for pseudorange and

phase measurements
Provide a better interference and multipath resistance
of GLONASS signals
Provide of greater interoperability with GPS and future

GALILEO and other GNSS

ICG WORKSHOP  30..31 July 2008

Presented by Reshtec Co., ICG, 30July2009




S

POCKOCMOC

GLONASS

Summary

The development and maintenance of GLONASS provides by
special federal Program and takes up special focus in budget and
policy of RF

GLONASS accuracy and availability has significantly improved for
last several years

GLONASS Program is in progress and will be extended to 2020
Current major GLONASS improvement objective are:
o Deployment of full constellation (24 sats) by the end of 2010

o Achieve the performances to be comparable or better then other
GNSS by the end of 2011

o Modemization navigations signals set, introduction new open
CDMA signal on L3, and L1, L2 bands

Presented by Reshtec Co., ICG, 30July2009



GLONASS

ollite System - Reshetnev Compaay” =
RF, 662972, Zheleznogorsk Krasnoyarsk reglon Lenin str.,52.
tel: +7-(391-97)-2-80-08,fax: +7-(391-97) 5-61-46;

(“l‘:l(ﬂ“fi:i%‘,’vI'tf“}h(ft!lev.l‘l!
www.iss-reshetnev.ru

Presented by Reshtec Co., ICG, 30July2009
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. (4
Proposed Orbit for QZS N[C T
period : 23 hours 56 minutes footprint in one day

(geosynchronous)
inclination : 43+4 degrees
eccentricity : 0.075+0.015

(preference for Japan)
orbital planes : 3 (spacing 1209°)
central laltitude : 135+5 deg.E

see IS-QZSS in
http://qzss.jaxa.jp/is-qzss/index_e.html

o
@D
=
©
=
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=
©
-

satellite 3

3 satellites is needed for 24 hr service. %0 100 110 120 130 140 150 160 170 180 190

Longitude (deg.)
The 1st QZS is to be launched in 2010. . cen
Figure “8

Presented by Shin’ichi Hama,et. Al., ION GNSS 2009




Image of interoperability with GPS

GPS(2
<GPS(1) g 2 GPS(3)
L 4 wgreo

QZS(j)time & Timing measurement

{SV(i)time — GPStime}

GPS SV(i)time & "Q af0, aft, af2 between QZS(j) and TMS
af0, af1, af2 "‘ {stu)ume GPStjme}

GPStlme

\ Qzsij)time

TIVIS (Time management statlon) USNO

QZSStime TWSTFT via GEO

Presented by Shin’ichi Hama,et. Al., ION GNSS 2009




P
Functions of the ground stations N[C T

Japan  USA  Australia Thailand India
Koganei Okinawa Sarobetsu gChichijimag Hawaii Guam Canberra Bangkok EBanganre

Mg Kuband g I . |
L WOAWaY |

L-band Monitor| O O

TWSTFT (GEO)| O 0

*1 MCS is installed at Tsukuba, Japan by JAXA
*2 TTC station is installed at Okinawa, Japan also by JAXA

Presented by Shin’ichi Hama,et. Al., ION GNSS 2009




Compass/ Beidou

China may complete a 12-satellite regional system by 2012
— 5in Geostationary orbits
— 3in Inclined Geostationary orbits
— 4 in Middle-earth orbits

China is currently developing COMPASS to reach Full
Operational Capacity (FOC) around 2020

— 24 MEOs

— 3 GEOs (including 2 Beidou-1 satellites)

— 31GSO0s

A draft Interface Control Document (ICD) may be available in
2010

http://www.insidegnss.com/node/1697
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The Goal of GNSS Cuvil
Interoperability

« Compatibility
— Do no harm

* Interoperability provides users a PNT
solution using signals from different
GNSS systems:

— No additional receiver cost or complexity
 — No degradation in performance

 http://pnt.gov/public/2009/09/ICG/USbriefing.pdf
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GNSS Interoperability Issues

« Coordinate System
— GPS and Galileo plan on using the same system: ITRF
— Glonass uses a slightly different system

* Time Scale

— GPS and Galileo have agreed to transmit the
GPS/Galileo Time Offset (GGTO)

— Goal: an objective of three nanoseconds (one meter)
accuracy for the GGTO message has been accepted

— Glonass uses a different time scale, though known
relationships are kept within bounds

 Signal Compatibility

— Generally all systems can be received by the same
system

33
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Failure Modes

GPS best feature and worst problem: it is extremely reliable

Satellite failure modes can produce signals with large errors

— Receiver Autonomous Integrity Monitoring (RAIM) should compare
all satellite signals and discard errors

— System design should compare GPS-based clock to local signals

Receiver problems
— Satellites set unhealthy should not be used

— Firmware errors and wrong interpretations of specs
* lonosphere/troposphere models
» Leap seconds

Jamming: intentional and unintentional

35



GNSS Signals Are Vulnerable to Jamming

« Signals can be easily jammed

« Several incidents of accidental jamming

* Most telecom receivers can go into holdover
for at least a week with few ill effects

 Wireless base-stations can be affected
adversely

36



Other GNSS Issues

lonosphere solar sunspot max 2013, though little
activity lately

Indoor positioning

Signal Authentication

37
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Conclusions

GNSS Now

— Global GPS civil service performance commitment met/exceeded
continuously since Dec 93

— Glonass operational, committed to replenish
— Galileo, Compass with experimental satellites

GNSS Future

— GPS: new signals, more accuracy, yet backward compatible, more
integrity information

— New/other systems: Glonass, Galileo, Compass, QZSS

— Integration with indoor positioning

GPS/IGNSS fallure modes: they exist and there are precautions

Resources are available: see next slide
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GNSS Resources

U.S. Coast Guard Navigation Information Center
— Voice Announcement ++1-703-313-5907

— Resource Person ++1-703-313-5900

— Web Page http://www.navcen.uscg.gov/

— Civil GPS Service Interface Committee (CGSIC) — GNSS status and other
info:
http://www.navcen.uscg.qov/cgsic/meetings/48thMeeting/48th CGSIC agen
da final.htm

U.S. Space-Based Positioning, Navigation, and Timing Policy:
http://pnt.gov/policy/

International GNSS Service (IGS)
— http://igsch.jpl.nasa.qgov/

US Timing Labs

— NIST info: http://www.boulder.nist.gov/timefreqg/index.html

— U.S. Naval Observatory: http://tycho.usno.navy.mil/gpstt.html
GPS World: www.gpsworld.com

Inside GNSS: www.insidegnss.com

Institute of Navigation www.ion.org
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