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Space Segment
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Control Segment

P53

User Segment

24 operational satellites

Medium Earth Orbit (MEO)

Six orbital planes each with 04 slots
Highly stable atomic clocks
Broadcast:

= Ranging code

= Ephemeris

= Almanac

GPS tracking
Monitor satellite broadcast and
system integrity

Command and control of GPS
constellation

Collect telemetry

Uploading of nav messages

L-band GPS receiver and processor
Military GPS: [Dual-frequency | Encrypted |
Anti-jamming | Accuracy ~30 cm]

= Civil GPS: [Unencrypted | Prone to Jamming |

Accuracy ~4.9m ]
= Services
= |ocation estimation
= Time synchronization )
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GPS Orbital Planes

FIGURE2 Arrangement of GPS Constellation on match to [7].
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Ground Tracks of GPS Satellites(2024/09/08/23:00 BDT)
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BLOCK IIA
0

operational

Coarse
Acquisition
(C/A) code on
L1 frequency
for civil users

Precise P(Y)
code on L1 & L2
frequencies for
military users
7.5-year design
lifespan
Launched in
1990-1997

Last one
decommissioned
in 2019

R

6

operational
C/A code on L1

P(Y) code on L1
& L2

On-board clock
monitoring

7.5-year design
lifespan

Launched in
1997-2004

BLOCK IIR-M
e
7

operational

All legacy
signals

2nd civil signal
on L2 (L2C)
LEARN MORE

= New military

M code signals
for enhanced
jam resistance

= Flexible power

levels for
military signals

7.5-year design
lifespan

Launched in
2005-2009

BLOCK IIF
em———

12

operational

All Block IIR-M
signals

3rd civil signal
on L5 frequency
(L5)

LEARN MORE =
Advanced
atomic clocks

Improved
accuracy, signal
strength, and
quality

12-year design
lifespan

Launched in
2010-2016

6

operational

All Block IIF
signals

4th civil signal
on L1 (L1C)
LEARN MORE =

Enhanced signal
reliability,
accuracy, and
integrity

No Selective

Availability
LEARN MORE "

15-year design
lifespan

IlIF: laser
reflectors;
search & rescue
payload

First launch in
2018
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GPS Control Segment
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Control Segment

ZH %

_\Greenland
® Alaska

Schriever AFB

Cologdo _\New Hampshire

@ USNO Washington

United Kingdom

South Korea@
Vandenberg AFB e\

California

Cape Canaveral
.—\ .A Florida .Bahrain
N S /\ Hawaii
o Efuh. 141 (B can  OA
@ Ecuador Kwajalein
115 Sl 2 oA 'y
L 4 _DIL‘{)\H lLIJ_:I‘ e 6 + 1 O Ascension Diego Garcia
® Uruguay South Africa Australia
* i_‘II_‘)\jIE . 4+7 u. e
% Master Control Station ¢ Alternate Master Control Station o
A Ground Antenna _\ AFSCN Remote Tracking Station
AJ » N,
* 1% ‘[7_[‘[4 5 ?Fm‘ Bj] /% é}i ® Air Force Monitor Station @ NGA Monitor Station
Updated May 2017
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The user does not need
to know these offsets.
They are passed to the
processing software
through the antenna type

The antenna phase centers are
located somewhere around here

The antenna offsets are
the distance between
the phase centers and

the ARP

Ifthe user selects NONE
as the antennatype, the
offsets are set to 0.000
and the antenna phase
center becomesthe
reference point

The Antenna Reference Point
{(ARP) is almost always located in
the center of the bottom surface of

the antenna.

The height is measured vertically (NOT the
slant height) from the mark to the ARP ofthe
antenna.

The height is measured in meters.

The ARP is almost always the center of the
bottom-most, permanently attached, surface
of the antenna.

See GPS Antenna Calibration for photo’s
and diagrams that show where the ARP is on
most antennas.

I1f 0.0000 is entered for the height, OPUS will
return the position of the ARP.
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{ p(k)}: Pseudoranges (measurements)
{(x#), YA, 2K Satellite positions (known)

P ==+ (=g o (29-2)7 - b
k=1,2,..,K

If K= 4, solve for user position (x, y, 2),
and receiver clock bias b

Figure 1.9 The principle of satellite navigation. The user-satellite range measurements based on
the times of transmission and receipt of signals are biased by a common amount and are called
pseudoranges. Pseudorange measurements are needed from at least four satellites to estimate
the user position and receiver clock bias.
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» % N10.23MHz
» D2 SWITE K510 78 Z FE EDN R B A5 A a7

* carrier L1 f1 154 % ﬁ) A =19cm Modulator
. ’ QBroac:cast ’
* carrier L2 (L2C) H=120Xf;, A2=24cm RARARRSL RSN

* carrier L5 fs=115Xfy; A5=245cm '|_|'|_| | || ﬂ__»QMd%duIOZ
aaaer
* C/A (Civilian Acquisition)  f-/4 = f5/10 = 1.023MHz CfAcode -1 Mops T
* Pcodes fp =Jfo = 10.23MHz
Navigation message

* Message: fp = 1,/204600 = 50Hz 50 bps
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» BAE SHIRIETT N Acos(wt + @)
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R 5 5 #p AT R R AL S ({5580, BIEAZE, HESHN
1, BB , Bl RS S Ea AR,

L1 carrier - 1575.42 MHz 4
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L,(t) = a,P(t)D(t)cos2xf;1) + a,CO)D()sin(2xf; 1)
Ly(t) = b,P()D(t)cos2xf;)

a,
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D) :

a

C@):
sin(2zf 51) :

. amplitude of P-code

P-code sequence (1)
D-message (£1)

: amplitude of C/A-code
C/A-code sequence (£1)
L1/L2 carrier (£1)

-

(x154])

Central L-Band
Frequency (Fy) (10.23 MHz)

X120

N

L1 Carrier (1575.42 MHz)

— MWWWWWW

C/A Code (1.023 MHz)

1
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U Ut vl L

NAV Message (50 Hz)

QPSK Modulators

> 4
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; L1 Signal

P- Code (2
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X = rcosu
y = rsinu
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