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GPS Signals

GPS signals are broadcast on 2 L -band carriers

L1 1575.42 MHz
Modulated bg C/A-code & P-code

(codes covered later)

1 2:1227.6 MHz
Modulated 139 P-code onlg

(§rcl carrier, L3, used for nuclear explosion detection)

A. Ganse, U. Washingl:on 3 :

See bﬂpﬁ@w&g&d&a:gﬂmﬂ&ad@_&pcﬂmm for clcctromagnctic Frcclucncg band names
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THE RADIO SPECTRUM

VLF | LF | MF | HF |VHF | UHF | SHF | EHF

The top bar shows how the electromagnetic spectrum is divided into
various regions, and indicates that portion referred to as the Radio
Spectrum. The lower bar illustrates the division of Federal, Non-Federal,
and Shared bands for a critical part of the Radio Spectrum. Also shown
are selected military uses that would be impacted by reallocating
spectrum for competing uses.

Non-Federal Controlled Spectrum (30.4%)
Federal Controlled Spectrum (31.6%)
Shared Spectrum (38.0%)

Selected Bands at Issue

VHF UHF

Below 6 GHz

1000 MHz
Selected Bands at Issue

138 - 144 MHz

Military Uses
Land Mobile Radio
Tactical Air / Ground / Air

225 - 400 MHz

Military Uses
Tactical Air / Ground / Air
Data Links
Satellite Comm
Military ATC
Search & Rescue
Executive Comm
Tactical Comm

400.15 - 401 MHz

Military Uses
DMSP (§)

420 - 450 MHz

Military Uses
BM Surveillance and
Early Warning Radars
Shipboard / Airborne Early
Warning Radars
Missile / Air Vehicle Flight
Termination
Troop Position Location
Anti-Stealth Radar
Foliage Penetration Radar

Auxiliary Broadcast

Sft;”s.tk..m.w

Military Uses

Long / Medium Range Air

Defense
Radio Navigation

Competing Uses X Comnn

Little LEOs
Public Safety
Terrestrial DAB

Alr / Floet Defense

Remote Satellite Sensors

Nuclear Detection

Test Range Support

1215 - 1390 MHz

Competing Uses
MSS

NLMCS
Wind Profiler

Alr Route Survelllance Radars Radars

e

1435 - 1525 MHz

Military Uses

Competing Uses Entire Aerospace
MSS Industry

Compeling Uses Military Uses

Tactical Comm
Tactical Data Links

Telemeltry Supporting

DoD Satellite TT&C (4)
Point-to Point Microwave
Air Combat Training Systems

Competing Uses
DAB / DARS
MSS
NLMCS

1755 - 1850 MHz

Competing Uses
PCS
MDS
3G Wircless /
IMT 2000

2200 - 2290 MHz

Military Uses

DoD Satellite TTAC (4)
Guided Missile Telemetry
Point to-Point Microwave

Competing Uses
PCS
MDS
WLL

3100 - 3650 MHz
Military Uses Competing Uses
High Power Moblle Radars MDS
Shipboard ATC WLL
Missile Links FSS
Alrborne Station Keeping

4400 - 4940 MHz
Military Uses Competing Uses
Fixed Wideband Comm = GwWCs
Moblle Wideband Comm -~ = FSS
Command Links S Publlc Safoly
Data Links N T A i Soapeaets
- e —

wo. e

BM - Ballistic Missile

CMRS -  Commerclal Moblle Radio Service

DAB - Digital Audio Broadcast - Terrestrial

DARS - Digital Audio Radio Service - Satellite
DMSP - Defense Metecrological Satellite Program
FSS - Fixed Satellite Service

GPS - Global Positioning Satellite

GWCS- G 1 Wired Communications Service
IMT 2000 - 3rd Generation Moblle Telephony

LEO - Low Earth Orbit

MDS - Multipoint Distribution System

MSS - Mobile Satellite Service

NLMCS -  New Land Moblle C Icati Service
PCS - Personal Communications Service

TT&C - Tracking, Telemetry and Command

WLL - Wireless Local Loop




Signalz E:lcctromagnctic SPed:rum

From Ben Brooks



GPS Signals

Most "unsophisticatecl" receivers onlg track LI

if L2 trackccl, then the Phasc difference (L1-1.2) can be
used to filter out lbnosphcric dc/ay.

This is true even if the receiver cannot clccrgl:)t the P-
code (more later)

L1~on|3 receivers use a simplhcied ionosl:)heric correction
model

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



For 5igna|~Hcacls Onlg

L1
Antenna Polarization: RHCP /,gék‘!g

Center Frequencg: 1.57542 GHz
Signal Strength: -160 dBW
Main Lobe Bandwidth: 2.046 MHz

C/A & P-Codes in Phase Quadrature

A. Ganse, U. Washingl:on A : i
httP:/ / cn.wikipcclia.org/wiki/ Circular_Polarization



For Signal-Heacls Onlg

12
Center Frequency: 1.22760 GHZ
Signal Strength: -166 dBW

Code modulation is Binary, BiPhase or BiPolar Phase
Shift Key (BPSK)

Total SV Transmitted RF Power “45W

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



% of v g
ST GPS Signal v

* L-band carrier frequency was a compromise

- At higher frequencies, ranging errors due to ionospheric
effects reduce, but attenuation of signal power due to
distance traveled increases

* GPS was first wide-spread use of spread
spectrum technology

- Code division multiple access (CDMA)

+ Allows multiple transmitters to use same frequency band
1575.42 MHz

- Adding code has the effect of C/A-Code
"spreading” the signal

« 2MHz (20MHz) band about the
carrier at L, ~ 1575.42MHz

—=  — 2046 MHz

From J. HOW, MIT = 20.46 MHz ——————|



[Pty SPectra of P and C/A
1 code
’ (scluarc wave in TD <->
R sinc in FD)
= (.1 us
C/A f}
Y P(Y)
AL A o
[ R i fi
20 MHz

ht‘tpz/ /www.ooloraclo.edu/engjneering/ASEN/aseniO?O/aseniO?O.html



Direct Secluence Spread SPectrum

Fig 3: Spectrum of a DSSS Signal

http:/ /www.ieee.org/organizations/ |1ist‘org_ceni:er/cht_PaPcrs/SPreaclSPectnlm.Pchc



F‘recluencg HoPPed SPread Spectrum

Fig 5: Spectrum of a FHSS Signal

hﬂrP:/ / cn.wikil:)cdia.or?g/ wiki/| Hcclg_Lamarr



GPS signal strength -~ {:rec]uencg domain

Background noise

S0

A

16 dB
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T
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Note that C/A
code is below noise
level; signal IS
multiplied in the
receiver by the
intcrna“g
calculated code to
allow tracking.
C/A-code cﬁi s
1.023 Mhz, P-code
c|1i|:> i510.25 Mhz



GPS signal s’crength ~ {:rec]uencg domain

S0

Background noise ~ ( ) -~ Z( )

L FPower = P(t Yy t
16 dB

’

/‘u

H

:“<__ C/A-code

H]

= Bandwidth = B~%

where
T = 1s chip duration

T T T
-10.23 MHz I 10.23 MHz 20.46 MHz



GPS signal strength -~ {:rec]uencg domain

S0

Background noise A

16 dB

1.<_.__ C/A-code

1
A
2%
A
(A
A
A
A
%
A
-
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L

13dB
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P-code

T T
-10.23 MHz 10.23 MHz

- NANNANNANNEN

T
20.46 MHz

The calculated
power spectrum
derives E‘om the
~ourier transform
of a square wave of
width 21 and unit
amplitude.

FD shaPe ~
common function in
DSP called the
“sinc” function.



PRN Codes

GPS signals imP!cment PsecudoRandom Noise Codes
Enables very low power (below backgrouncl noise)
A form of c/irect~5@qucncc sprcaczl-spectrum

SPechCicaug a form of Code Division Multiple Access
(CDMA), which Permits Frcclucncy sharing

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



PSCUC!O ranclom I"IUITIIDCI"S/ SCClUCﬂCCS

What are theg?

Deterministic but “look” random

Example —~ cligits of m

5,14159265558979525846264%38527950288419716939957510

1 ooks like a random sequence of single digit numbers.

But you can comPutc it. Is Perf:ectly deterministic.



F‘rec]uencg of individual cligits (First 10,000 cligits)
This list excludes the b, before the decimal Point

Digit Frequency
0 968
1 1026
2 1021
3 974
4 1012
5 1046
6 1021
7 970
8 048
9 1014

10000

H
o)
(.r
\)
=

http:/ /www.ex.ac.uk/cimt/ genera|/ Pi]OOOO.htm



PRN Codes

Codes are known “noise-like” sequences
Each bit (0O/1) in the sequence is called a c/wp

Each GPS SV has an assigned code

Receiver generates ec]uivalent sequences interna"g and
matches signal to identﬂ:g cach SV

There are currentlg 352 reserved PRN’ s
(so max 32 satellites)

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



PRN Code matching

Receiver slews interna”%:gcnerated code sequence until
full “match” is achieved with received code

Time data in the nav message tells receiver when the
transmitted code went out

Slew time = time dciag incurred b? SV-to-receiver range
Minus clock bias and whole cgclc ambiguities

Receiver/Signal Code Comparison

I i
FUTLUAML >

A, Ganse, U. Was]'iington A ]'ittp:/ /s’caicF.washingt:on.eciu/aganse/




Coarse Acquisition (C/A) Code

1023-bit Gold Code

Origina"g intended as simP|9 an acc]uisition code for P-
code receivers

Modulates Li onlg

ChiPPing rate =1.023 MHz
(290 meter “wavclength ")

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Coarse Acquisition (C/A) Code

Secluencc Lengtlﬂ = 1023 bits, thus Period =1 millisec

“300 km range ambiguitg: receiver must know range
to better than this for Position solution

Provides the data for Standard Positioning Service
(SPS)

The usual Position gcnera’tccl for most civilian
receivers

Modulated bg the Navigation/Timing Message code

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Precise (P) Code

Pcodeis |<nown, but encrgptecl ]'39 un|<nown (secret) W
code into the Y-code

Recluires sPccial chip to decode
Modulates both L1 & 1.2
Also modulated 133 Nav/Time data message

ChiPPing rate =10.23 MHz

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Precise (P) Code

Sequence Length (Y code?) = BIG (Period = 267 dags)

Actua”g the sumof 2 sequences, Xl & X2, with sub-
Periocl of 1 week

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Precise (P) Code

P-code rate is the fundamental Frcqucncg (Proviclcs the
basis for all others)

P-Code (10.23 MHz) /10 =1.023 MHz (C/A code)
P-Code (10.23 MHZ) X 154 = 1575.42 MHz (L1).

P-Code (10.25 MHz) X 120 =1227.60 MHz (L.2).

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Code Modulation

L1 CARRIER 1575.42 MHz

WA L1 SIGNAL
C/A CODE 1.023MHz

JUAMA e )Q ® ior
NAV/SYSTEM DATA 50 Hz

@ Modulo 2 Sum

P-CODE 10.23 MHz

1} 1
L2 CARRIER 1227.6 MHz i N
GPS SATELLITE SIGNALS

P H DANA 453

Image courtesy: Peter Dana, httP: //www.colorado.Edu/ geographg/ geraft/notes/, gps/ gps_ﬁ html
A. Ganse, U. Washington ) http: // stach.washingkon.edu/agansc/



Modernized Signal Evolution

L5

Present Signals

New civil code —

IS

e iy i

Slgnals After
Modernization

1176 M»\ 1227 MHz 1 5 MHz

Third civil Frec]uency New military code

DGPS overview, www.edu-observatory.org/ gPs/ BostonSection.Ppt , Dierendonck



Why Modernize?
National Policg - GPS is a vital dual-use sgstem

For civil users, new signals/ Frecluencies Provicle:

More robustness against interference, comPcnsation
for ionosPheric clelags and wicle/tri-laning

For militarg UusSers, NeEw signals Provicle:

Enhanced abi ity to clenq hostile GPS use, greater
bi

militarg anti-iam capa itg and greater sccuritg
v,

For both civil/ militarg, system imProvcments in accuracy,
reliability, integrity, and availabilitg

DGPS overview, www.edu-observatorg.org/ gPs/ BostonSection.PPt , Dierendon



generation of code - satellite and receiver

Time
Seconds

00000
012345678901234567890123456(789

o
o
o
o
o
=
=
=
=
=
=
=
=
=
=
N
N
N
N
N
N
N
N
N
N
o Ww
R W
N W
w W
= W
O W
o W
g W
oo W
© W
o
=D
N D

(]
o)
V)
(]
)]
o
Hh
ﬁ
=)
()]
(/)]
o
o)
(/)]
(0]
Hh
H
/)]
3]
[\
()]
s

'These are th

< H
W
5 Q
s 0
o
D~
m.
0K 0

1N
1N
ol
(6
o
(O]
()]
()]

o
N
(V)
1N
()]
(¢))

-

|.|-
o M
N

ﬂ

[\1]
N




Reception of code in receiver

The time of the reception of the code is found by lining
up the known and received signals
Time
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-
o %L@ GPS Signals (Code) b
» Coarse/Acquisition (C/A) codes enable:

- Simultaneous measurements from many
satellites (CODMA)

- Accurate absolute range
(10-100m) using signal [ LA L L i

p r‘o Paga“' i o n de I GY A Short Repeating PRN Code Sample

1001110001 10011010001 10001 11000101 XL10001 1001101001 210000 11000

* Each satellite has a unique C/A code
- One of a repeating sequence 1023 chips long
- Rate of 1.023MHz (period of 1ms)

- Appear random (pseudo random - PRN), but one
of the deterministic "Gold Codes”



ol v s
. GPS Code Signal Acquisition v

« Receiver replicﬂ‘l'e.s the C/A code to correlate with
the measured signal

* What is correlation? ]
- Mathematics: r B T} dt
- Receiver slides code réplicd () until strong correlation
found with transmitted signal
- With M "chips” in the signal period
< Correlation = (# Agree - # Differ)/M

Fy(1)= %E X

* Comparison with wrong code will produce
very low agreement for all 1

- Right code, wrong T also produces low agreement



Auto-correlation function
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Correlation Visualization
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St GPS Signal Processing v

» Correlation:

- Allows receiver to pick up the very weak signal

- NS = tc determine the time of fset of

the incoming signal %

=< Transit Time

Trasadl 11

« Transit time will be off

by the user clock error,
but we can solve for &

remove that term .




Measuring Distance

Distance = Time Delay * Speed of Light

S-
ay, C// I.[G

’o s G,

http:/ /www.unav-micro.com/about _gps.htm

>4



2 ¥w
~'n\> 6PS Signal Acquisition Process ¥
* Determine which satellites are visible
- Approximate time/position, GPS almanac = skyplot

* Determine approximate Doppler for each satellite

- Reduces time-to-first-fix since defines frequency search
space (estimate of receiver clock drift required)

* Must search both frequency and C/A code phase

- Large velocity of GPS satellites, so the received signals can
have a large Doppler shift (+/- 5 KHz) that can vary rapidly

- Accurate frequency knowledge required to "strip of f* the
carrier part of the signal
* Estimate frequency range to search using Doppler shift
* Search frequency range using ~20 freguency bins of 500 Hz



if receiver applies ditferent PRN code to SV signal
...no correlation

1011110001100 1@ TO00A0OXN0DAAIO000011190001100110100111000111000

No Correlation with a Different PRN Code

Mattioli—http: // comP.uarlc.cdu/ ~mattioli/ geol_+7§}.|1tm| and Dana



when receiver uses same colde as SV and codes begin to
a ign

...50meE signal POWCI" dCtCCth

10000100 00000 0A 0 A D000 oA 00100 000110111010

LY L I A LT

Partial Correlation of Identical Receiver and Satellite PRN Codes

Mattioli—http: // comp.uarlc.edu/ ~mattioli/ geol_+7§}.|1tm| and Dana



when receiver and SV codes acljign complctclg
LR signal power detecte

10000100 111100011011101010000100101100 000110111010

Full Correlation (Code-Phase Lock) of Receiver and Satellite PRN Codes

usua“y a late version of code is comParccl with carlg
version
to insure that correlation Pea|< is tracked

Mattioli—]’ut‘tp: // comp.uarlc.edu/ ~mattioli/ geol_+7§}.|1tm| and Dana



PRN Cross-correlation

Correlation of receiver gcncratccl PRN code (A) with
incoming data stream consisting of multiple (e.g. Four,

A, b, C’ anCl D) COdCS A correlate A+B+C+D
1 : .
0.8F
% 0.6/
9;)(
3
0.4F
g
[
S 02f
Op MMM MM s
%000 500 0 500 1000
lags

Mattioli-http: // oomp.uarlc.edu/ ~mattioli/ geo|_4~75§.]1tm|



Construction ot LI signal

Carrier — blue

C/A code sequence — recl, 1 bit lasts ~1 usec, sequence

O

L ~1000 bits rcPeats every I ms

Navigation C

B

= IAAAAAAAAAAAY

ata — green, one bit lasts 20 ms (20 C/A
secluences)

ALAAARAAAD

AAAAARARMAR

(AARAARRAR

-

—_— e e — - S

e | LU UU LIYULIU UU LJU LU Uy Lo

1 2 20 ' 40

Rinder and Bertelsen, kom.aau.dk/ 'rincler/AAU_somctware_receiver.PcH:



Construction of L signal
BPSK modulation

(Carrier) x (C/A code) x (navigation message) =

iCA i
i

Coade
oy

oY

Sgna
s
p

-

L1 signal

i
NAAAANNAN

NAAAANNAN

YRYEVYREYTRYRYRTR
L

YRYEYRYTRYRYRYERY
RN

Tirna

Rinder and Bertelsen, kom.aau.dk/ 'rincler/AAU_somctware_receiver.PcH:

plutd



Digital Modulation Methods

AmPIitucle Modulation (AM) also known as amPIitude-
shift kzgin%. This method requires changing the
amplitu e of the carrier PI"IaSC between O and 1 to

encode the digital signal.

Mattioli-http: // comp.uarlc.edu/ ~mattioli/ geol_+7§3.htm| and Dana



Digital Modulation Methods

Frecluencg Modulation (FM) also known as Frcqucncg-
shift keging. Must alter the {:recluencg of the carrier to
corresl:)oncl toOorl.

Mattioli-http: // comp.uarlc.edu/ ~mattioli/ geol_+7§3.htm| and Dana



Digital Modulation Methods

Phase Modulation (PM) also known as Phasc-shhct
keging. At each Phase shift, the bitis HiPPecl fromoto1

or vice versa. This is the method used in GPS.

Mattioli-http: // comp.uarlc.edu/ ~mattioli/ geol_+7§3.htm| and Dana



Modulation Schematics




Nearlg no cross~corre|ation.

C/A codes ncarlg uncorrelatecl Witl‘l one anot]ﬂer.

1022
R, (n)= Eci(l) ck(l+n)z0, Vn,i=k

[=0

Nearlg no auto~corre|ation, excePt for zero |ag

C/A codes nearlg uncorrelated with themselves, excePt
for zero lag.

1022
R, (n)= Eck(l) c“(I+n)=0, V|n|=0
[=0

Rinder and Bertelsen, kom.aau.dk/ ”rincler/AAu_soFtware_receiver.Pch



Auto-correlation with

1000}
z00}
s00}
400}

200F

Gold Code correlation ProPerties

itself (narrow Peak,
102%)
Zero evergwh re |
\excePt at zer
offset
A A

=

Rinder and Bertelsen, kom.aau.dk/ 'rincler/;‘3\/3sLJ_e':omcl:wz1re_rec:eiver.laclmc
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Signal acquisition

Is a sear CI"I PI"OCCCIUI”C OVEer Cor rclation ]Dy FI"CCIUCI"ICH ancl

code Phase shi

kom.aau.dk/ "rincler/AAU_soFtwarc_recciver.Pcl{: Rinder and Bertelsen, kom.aau.dk/ "rindcr/AAu_so{:twarc_rcccivcr.PcH:



Search resultin% gricl of correlations for maximum, if
abovc some thrcs olcl signal has bccn detected at some

Frequencg and Phase shift.

kom.aau.dk/ "rincler/AAU_soFtwarc_recciver.Pcl{: Rinder and Bertelsen, kom.aau.dk/ "rindcr/AAu_so{:twarc_rcccivcr.PcH:



Search resulting gricl of correlations for maximum, if it is
small cvcrgwhcrc, below threshold, no signal has been
detected.

Rinder and Bertelsen, kom.aau.dk/ 'rincler/AAU_somctware_receiver.PcH:



This method,
while correct and useful for i"ustration,

is too slow for Practical use



Recovering the signal

What do we get if we multiply the L1 signal by a perfectl
i alignecll:zly/A codc?g i 3

iromag 44 ns '| |'| | noA " |'
POV L T P
Loca '"'HN e . I [ _I J X
1 L |

Hawull o
e [T )= = E

|1

A sine wavel X

Rinder and Bcrtelsen, kom.aau.dk/~rinder/. AAU_soFtwarc_rcccivcr. Pdmc



Rccovering the signal

Fourier analgsis of this indicates the presence o the

sngnal and identifies the Frec]ue

No signal

Rinder and bcrtc|sen, l(om.aau.dl(/”rir1der//AvA\(/I_smC‘cwarf:_rcceivcr‘Pd1C



Additional information included in GPS signal
Navigation Message

In order to solve the user Position ec]uaticns, one must
know where the SV is.

The navigation and time code Provicles this

50 Hz signal modulated on L1and 1.2

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Navigation Message

The SV’ s own Position information is transmitted in a
1500-bit data frame (broadcast orbits)

Pseuclo~Ke|:>|erian orbital elements, fit to 2-hour spans
Determined l:)g control center via grouncl tracking

Receiver implcmcnts orbi’c~to~Position algorithm

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Navigation Message

Also includes clock data and satellite status

And ionosl:)heric/ troPosPheric corrections

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Additional information on GPS signal
The Almanac

In addition to its own nav data, each SV also broadcasts
info about ALL the other SV’ s

Ina rcclucchaccuracg format

Known as the Almanac

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



The Almanac

Permits receiver to Preclict, from a cold start, “where to
look” for SV’ s when Powerecl up

GPS orbits are so Predictable, an almanac may be valid
for months

Almanac data is Iarge

12.5 minutes to transfer in entiretg

A, Ganse, U. Was]’:ington A ]'nttp:/ /s’caFF.washingt:on.edu/aganse/



Selective Availabilitg (SA)

To cleng high~accuracg realtime Positioning to Potential
enemies, DoD reserves the right to deiibcratclg clcgracle
GPS Peri:ormance
Onlg on the C/A code

159 far the Iargcst GPS error source

A, Ganse, U. Was]'iington A ]'ittp:/ /s’caicF.washingt:on.eciu/aganse/



Selective Availabilitg (SA)
Accomplished bg:

D “Dithering" the clock data

RCSUItS IN erroneous Pseudoranges

2) Truncating the navigation message data

Erroneous SV Positions used to comPute Position
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Selective Availabilitg (SA)

Degrades SPS solution bg a factor of 4 or more
Long-term averaging onlg effective SA comPensator
FAA and Coast Guard Pressured DoD to eliminate

ONTMAY 2000: SAWAS DISABLED BY
PRESIDENTAL DIRECTIVE
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How Accurate Is GPS?

Loosclg Defined “2~5igma" RePeatable Accuracies:

All dcl:)cncl on receiver cluality
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How Accurate Is GPS?

SPS (C/A Code Onlg)

5/ A On:
Horizontal: 100 meters radial
Vertical: 156 meters
Time: 340 nanoseconds

S/A Off:
Horizontal: 22 meters radial
Vertical: 28 meters
Time: 200 nanoseconds
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Instantaneous Error (meters)

Colorado Springs, Colorado

SA Transition -- 2 May 2000

2 May 2000

— Horizontal Error (meters)

Vertical Error (meters)

SPS CEP AFTER TRANSITION: 28 meters |
SPS SEP AFTER TRANSITION: 4.6 meters |
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Position averages

i 7
i -
\\ gl ) | P
. i
ﬂ I
80 | 60 (4(: }@i\n 20
S
5.5 hours S/A on 8 hours S/A off

Note scale ditference




How Accurate Is It7?

PPS (P-Code)

Sligh’clg better than C/A Code w/o S/A (?)
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Ditferential GPS

A reference station at a known location compares
Prec:lictecl Pseucloranges to ac:tual & broadc:asts
corrections: “Local Area” DGPS (LAAS)

BI"OBClC&lSt usua"g ClOl"lC on M channcl

Corrections onlg valid within a finite range of base
User receiver must see same SV s as reference.

USCG has a number of DGPS stations oPcrating
(CORS network)
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Ditferential GPS

Base stations worldwide collect

Crseuclorange and SVe

Shemeris

ata and “solve~for” time and nav

Crrors

“Wide Area” DGPS -- WAAS

Available conterminous US

Not yet globa"g available

DGPS can reduce errors to < 10

meters
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WAAS

Wide Area Augmentation Sgstem

is a satellite navigation sgstem consisting of ec]uiPment
and software which augmcnt the GPS Standard
Positioning Service (SPS).



