Space and Missile Systems Center

Global Positioning
Systems Directorate

GPS Program Update
to Civil GPS Service Interface

Committee (CGSIC)

17 Sep 2013

Col Bill Cooley
Director, GPS Directorate

Building the Future of Military Space



Global Positioning Systems Directorate

SPACE AND MISSILE SYSTEMS CENTER

Mission:

Acquire, deliver and sustain
reliable GPS capabilities to
America’s warfighters,

our allies, and civil users
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Deliver and Sustain Global Navigation and Timing Service



GPS Program Partnership

o SPACE AND MISSILE SYSTEMS CENTER

 Civil representatives integral members of GPS team
— Resident in the GPS Directorate — DOT (1), FAA (1), NASA (¥2)

e Support program, Interface Control Document
and Specification reviews

— Civil GPS Service Interface Committee (CGSIC)
— Signal Monitoring Working Group (SMWG)

— Interface Control Working Group (ICWG)

— L1C Product Implementation Teams

— Positioning Signal Integrity and Continuity
Assurance (PSICA) Team

— Interagency Forum for Operational Requirements (IFOR)
— National Space-Based PNT Engineering Forum (NPEF)
— Nation Space-Based Coordination Office (NCO)

Interagency partnerships are critical to GPS modernization success!

2013 09 17 GPS Program Update to CGSIC v2
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DOT: Department of Transportation, 
FAA: Federal Aviation Administration, 


GPS Constellation
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* Robust constellation
— 31 space vehicles currently in operation
« 8GPSIIA, 12 GPS IIR, 7 GPS IIR-M, 4 GPS IIF
— 4 additional satellites in residual status, 1 in test status

« Extensive International and Civil Cooperation
— Agreements with 56 international customers
— 1 billion civi/commercial users
— Countless applications...and growing

* Global GPS civil service performance
commitment met continuously since Dec 1993
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Residual Status as of 14 August 2013:
	SVN-37 (II-20)
	SVN-35 (II-22)
	SVN-32 (II-16)
	SVN-27 (II-15)

Test Status as of 14 August 2013:
	SVN-49 (IIR-20 (M7) )


GPS Signal in Space Performance
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Contact: Karl Kovach and/or Heidi Graziano

SPS appears as accurate as PPS this year because of rounding.  PPS is more accurate than SPS, but not by more than 0.1 m in root mean square User Range Error

Signal-in-Space User Range Error is the difference between a GPS satellite’s navigation data (position and clock) and the truth, projected on the line-of-sight of the user


GPS IIF Status
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 Launched GPS IIF-4 on 15 May 13

— Satellite Vehicle Number 66, PRN 27

— Set healthy 21 Jun 13

— Fourth operational L5 signal

— Providing enhanced GPS clock performance
4 total GPS IIFs on orbit

— Continued demonstration of Flex Power capability
8 more GPS IIFs in the pipeline

— SV-3 scheduled for 17 Oct 13 launch

— SVs 6-9 are in storage

— SVs 10-12 are accepted pending testing

— Improved Rubidium clocks on SVs 3 and 5-12
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-Due to SVN-65 (IIF-3), URE RMS for Block IIFs is currently worse than Block IIRs
   -SVN-65 is using a Cesium clock to test how much worse Cesium clocks are than the Rubidium clocks, brings down URE RMS of IIFs
   -Official spec on URE RMS over 24 hour period is 3 meters or less, SVN-65 is at ~1.5m
   -0.61 RMS for all Block IIFs updated from Boeing Quarterly Report dated 28 January 2013


-Pressure in Rubidium Frequency Standard (RFS) bulb was 2 Torr in the past, increasing pressure in bulb to 3.5 Torr increases life expectancy 
-The rest of the fleet has 3.5 Torr bulb, also note redundancy
-SV-2 had CFS failure about 39 days after orbit, led to the “venting” of vehicles on ground (not yet launched)
-Cesium Frequency Standard (CFS) is “improved” because of venting

-CFS isn’t as accurate as RFS, but CFS doesn’t have to be updated as often, more drift in RFS
-Flex power: transfer power from unused M-Code system to increase Y-Code transmit power
  -most military receivers not yet using M-Code

SV: Space Vehicle
PRN: Pseudo-Random Noise

Launched GPS IF-4 (SVN-66) on 15 May 2013 on Atlas V 401 rocket.  64th GPS satellite overall, first to launch on an Atlas rocket since Navstar 11 (USA-10) in October 1985.


GPS |l Status
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* Newest block of GPS satellites
— First satellite to broadcast common L1C signal

— Multiple civil and military signals;
L1 C/A, L1 P(Y), L1M, L1C, L2C, L2 P(Y), L2M, L5

— Three Rubidium clocks
« Achieved SVO01 initial power turn-on 27 Feb 13

e GPS Satellite Simulator delivered to
support OCX, 21 May 13

« Shipped GPS Non-Flight Satellite Testbed
to Cape Canaveral (19 Jul); will undergo
launch processing

2013 09 17 GPS Program Update to CGSIC v2
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GPS Block III satellites: Lockheed Martin

From 2012 Slides:
Factory to Factory Link
-between Lockheed facility in Newtown, Pennsylvania and Cape Canaveral where the simulator is set up
-other link between Lockheed facility in Newtown, Pennsylvania and Raytheon (OCX)


Enabling Affordability & Capability
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« Dual launch of GPS Il satellites significantly reduces
launch costs

 GPS and Launch Directorates are coordinating on final
requirements for a GPS-specific dual payload adapter and
mission profile requirements

— Early studies indicate only minor changes needed to support
this capability, with minimal changes in the production line of
GPS Il SV09+

e Future Size, Weight, Power (SWAP) considerations
— Battery & Solar Array Efficiency, Efficient Amplifiers, etc...
« Added Capability
— Search and Rescue/GPS
— Laser Retroreflector Arrays

Notional
Dual Launch
Configuration
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IMU: Inertial Measurement Unit
USB: Unified S-Band

SAR/GPS: Canadian payload for receiving Search And Rescue beacon signals
	implementation of U.S Mid Earth Orbiting Searc hand Rescue Space Segments is via a Canadian-provided  406 MHz SAR repeater on the GPS III satellites presents a cost effective opportunity with
	low risk to provide a SAR system that accommodates existing and planned 406 MHz beacons across the globe. USAF and USCG as the US operators of the civil
	COSPAS/SARSAT system, the international search and rescue system, share (50/50) costs associated with integrating Canadian provided SAR repeater to GPS
	III beginning with SV 09 in accordance with NSPD-39 which requires civil capabilities hosted on GPS satellites be funded by the appropriate civil agencies. Costs
	presented represent USAF 50% Share

Laser Retroreflector Array: NASA/NGA payload, will improve satellite ephemeris measurement
	NASA will build, flight qualify and deliver 24 (TBF) LRA to AFSPC
	NGA will support costs of integration of the LRA aboard GPS III space vehicles with an estimated cost of $20 million
	LRAs are totally passive and require no power or active control
	LRAs are made up of arrays of corner-cube retroreflectors
	Material quality of quartz is key for long lived applications, such as GNSS satellite installations

SGLS: Space Ground Link System, Telemetry, Tracking & Commanding, Channel-6, 1.7 GHz uplink, 22 GHz downlink
-Replace SGLS with Unified S-band (USB)

Ariane 5: 8 satellites at a time


Ground Segment Status
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Current system Operational Control Segment (OCS)

— Flying GPS IHA/IIR/IIR-M/IIF constellation with AEP 5.8.2 and
LADO 2.11.2A currently deployed

Next Generation Operational Control System (OCX) on track
— Exercise 3 completed on schedule, demonstrated: = Tk

« End to end capability from satellite separation to on orbit planning '*"";':'I\:;r’mor Station

» Successful anomaly resolution
— OCX Block | Ready to Transition to Operations planned for 2016
OCX development successes:

— Interim Authority to Test granted to Launch and Checkout System by
Space Designated Accreditation Authority (Jun 2013)

— Demonstrated reduction in navigation estimation error (JPL Data) ﬁa‘
OCX to GPS Il Integration Status Ground Antenna
— Initiated Hardware in the Loop (HWIL) testing using OCX LCS

— Communicated with Ground Non-flight Satellite Testbed at Cape Canaveral

— Actively working System Integration demonstrations highlighting key system interactions
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Mr. Leonard: 
Mr. Al Trivison:
Mr. Timothy McIntyre: division chief for GPL, OCS has been transitioned 

AEP: Architecture Evolution Plan
LADO: Launch and Early Orbit, Anomaly Resolution, and Disposal Operations
SAASM: Selective Availability Anti-Spoofing Module

LADO: 2.11.2A version
AEP: 5.8.2 version

Type 0 message coming from Block IIR-M and IIF, header and PRN correct, but body is alternating 1’s and 0’s, no real data


GPS Modernization — New Civil Signals
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» Second civil signal “L2C” -
— Designed to meet commercial needs
— Available since 2005 without data message
— Phased roll-out of CNAV message
— Currently 11 SVs broadcasting L2C

— -~ Third civil signal “L5”

— Designed to meet transportation
safety-of-life requirements

— Uses Aeronautical Radio Navigation Service band
— Currently 4 SVs broadcasting L5

« Fourth civil signal “L1C”

— Designed for GNSS interoperability Improved
— Specification developed in cooperation perLOFIT?]nGZ i
with industry challenge

— Launches with GPS Il in 2015
— Improved tracking performance

Urban Canyons

Early CNAV test conducted in Jun 2013
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CNAV: Civil Navigation
GNSS: Global Navigation Satellite System

SV’s with L2C broadcast capability:
     Block IIR-M (SVNs 53, 52, 58, 55, 57, 48, 50) 
     Block IIF (SVNs 62,63, 65, 66)
     Number of SVs required for operational L2C capability:

SV’s with L5 broadcast capability:
     Block IIF (SVNs 62,63, 65, 66)
     Number of SVs required for operational L5 capability:
Used special test software (Not OCS) to conduct CNAV test (15-29 June 2013)

Dataless pilot can do ranging with less C/No because of longer integration time

L5 is best anti-jam because of 
	1. higher power
	2. completely dataless pilot, not multiplexed


US Gov't Committed to Civil Signals
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The modernized civil signal deployment is in progress

— 11 L.2C and 4 L5 capable SVs on orbit

— OCX will implement full command & control of L2C & L5

— Expect the 15t L1C SV launch in 2015

Intend to maintain semi-codeless phase relationships until 31 Dec 20

— Documented in Federal Register Notice Vol. 73, No. 185 (Ref. 31) 23 Sep 08
Semi-codeless users should start transitioning to L2C

— Most high-precision manufacturers already offer L2C capable receivers

— Significant benefits available now

Complete civil signal constellation implementation limited by:

— Constellation health — currently enjoy a robust combination of legacy signals
— Launch opportunities — acceleration possible with dual launch of GPS llI

The PNT EXCOM drives civil signal implementation

2013 09 17 GPS Program Update to CGSIC v2
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Semi-codeless: look at certain properties of Y-Code to compare, C/A is in quadrature with a “noise sequence” (Y-Code)
As of 31 Dec 20, could put Y-code in-phase with C/A code, or could take data off of Y-code on L2, which would prevent semi-codeless users from operating in the way they  traditionally have.

PNT EXCOM: National Executive Committee for Space-Based Position, Navigation, and Timing


Summary
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e GPS has continuously met its
commitments to all users

* GPS had multiple operational and
acquisition successes in the past year

* Modernization of all GPS Segments
IS on track

e Striving to continually improve
navigation and timing services while
maintaining backward compatibility
with legacy equipment

Maintaining and improving GPS services for all users is Job #1



Homepage for General Public
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English | Espaniol | Francais | 53¢ | e

P B Official U.5. Government information about the
- G’OV Global Positioning System (GPS) and related topics search: -

MULTIMEDTA SUFPOET

On Aug 2, the FCC proposed
a fine of nearly 532,000 for
an individual whose illegal

use of a GPS jamming device
on the highway outside
Mewark Airport interfered
with an aviation safety

system.

LEARN MORE___ =

New Additions to GPS.gov @ Y
» Aug §: Presentations from APEC GIT/18 and GIE’S USEF'SuppDI;t

IGNSS 2013 —

m Jul 30: U.5.-Japan cooperation announcement

m Jun 26: Videos on WAAS and NextGen

m Jur 25: GPS national risk estimate fact sheet and Common Querstions
updated summary

Do GPS devices show your house or m Jun 13: Redesigned what's new and website

= How do | stop GPS devices

from giving wrong
business in the wrone place? Are they history pages directions?
sending trucks through 1,ﬂ::ulur back alley? VIEW ALL WEBSITE UPDATES. . w a What can | do about GPS
Don't blame the GPS satellites... contact maps directing traffic to

the map makers! We'll tell vou how. LEARN my netghborhood?

MORE... = Test Your GPS Knowledge = How do | report GPS

service problems?

True or false? GPS satellites continuoushy
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Backup
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OCX Estimated Performance
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» JPL has employed OCX core Kalman filter for over 6 months

» User Range Error = Satellite Ephemeris Error + Satellite Clock Error
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Histogram of User Range Error (cm) for three configurations:
	1. Architecture Evolution Plan (AEP): current system
	2. OCX_34Stations RMS: OCX baseline of XX stations + extra XX stations, which provides higher accuracy
	3. OCX baseline: XX stations
-Legend in upper right-hand corner of plot shows OCX baseline (9.6 cm RMS) is approximately 1.9 times more accurate than AEP (18.4 cm RMS)
-Probably best case, plus added JPL estimates, actual URE may not always be this good once OCX comes online
-ITT Exelis builds NAV software on ground
-JPL developed the algorithm for OCX core Kalman Filter
	Why is JPL Kalman better than the OCS/AEP Kalman filter? Answer: new Kalman filter system uses primarily carrier-based pseudo range 	measurements, which are approximately 100 times more accurate than the older system, which primarily used code-based methods for 	psuedo range measurements  
-JPL sells OCX’s better estimates to commercial customers


Jun 2013 CNAV Testing
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« GPS CNAV testing publicized in advance through various
PNT conferences and online at GPS.gov

« First CNAV live-sky test broadcast with civil input
— Demonstrated CNAV messaging on GPS IIR-M & GPS IIF SVs (L2C, L5)
— Focused on basic PNT functionality

* Broadcast populated messages for two weeks

— Contents included: CNAV ephemeris, clock, almanac, and non-navigation
message types

» Perfect opportunity to identify or explore any CNAV message issues in
order to implement fixes before operations

 CNAV message set unhealthy at the conclusion of testing

» Further CNAV tests will be conducted to continue to troubleshoot before
CNAV message is set healthy

2013 09 17 GPS Program Update to CGSIC v2
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CNAV message types 10, 11, and 3X were broadcast
10, 11: ephemeris
3X: clock and something else
12: almanac messages
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