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INTRODUCTION




GPS OVERVIEW

Space segment

D:}wnhnlz dr::lu
* Coded ranging signals
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Uplink data * Atmospheric data
» Satellite ephemeris position constants * Almanac

¢ Clock-correction tactors
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Space segment

s 31 satellites
« 24 at 6 orbital planes
 / are orbited as spares

s Orbital radius 1s 26 600 km
(20 200 km altitude )

= 2 complete orbits each 24
hours(the same ground track
each day)

= from 5 to 8 satellites above
horizon from any point on
the Earth




Control segment

consists of;

= Master control station (Colorado
Spring, USA)

s Alternate master control station
R0 ! oMl = Four dedicated ground antennas
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ot m Six dedicated monitor stations

The main role Is
observing the ephemeris  puseids

ephemerts Correct Orbit
and c!ock of each | e e~ gnd clock errors
satellite and correction of |

Upload Station

the orbit and clock errors RGN



User segment

= U.S. military users of the
secure GPS Precise
Positioning Service

s Civil, commercial and
scientific users of the
Standard Positioning Service
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Principle of work

2 B The GPS receiver receives the following
;-?/ N Information from each satellite:

» The almanac data about the approximate
position of satellite

» The ephemeris data about the exact
position of satellite

» Message containing the time of
transmission

The recelver measures the time of arrival of the satellite signals

Al = Carrival — rransmission
Distance=Propagation Rate (speed of light) * Time

User position can be computed using satellite positions and the
distance to them



GPS satellite clocks

GPS time Is accurate to about 14ns.

To achieve such accuracy each satellite 1s equipped
with 2 cesium and 2 rubidium clocks ($100,000 -
$500,000 each).

Moreover these clocks are continually adjusted with
atomic clock by Master Control Station




Hardware

Microcontroller as the main processing and controlling unit
GPS module as data provider

An alphanumeric LCD as display

RS232 standard peripherals for communication purpose
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Software

» High level programming language, Proton Basic employed
» Proton IDE used to develop and compile code

File Edit View Help

D New |/ a Open Save | Cut Copy _Tj] Paste | Undo Redo

w+ Compile |+ Compile and Program Program v| Read Q}Verify Erase ' Information

I 18F4431 DATEM (GDATM[O] - 48)*10
£ Includes DATEM = DATEM + (GDATM[1]-48)
DRTED = (GDATD[O] - 48)*10

DATED = DATED + (GDATD[1]-48)
Return

|5 Constants

I Variables

Iy Alias and Modifiers
Labels
Macros

|5) Data Labels

CALCTIMEZCONE:
TIMEZONE (GLONGDDD[0] —48) *100
TEMP = ((GLONGDDD[1]-48)*10)
TIMEZONE TIMEZONE + TEMP
TIMEZONE TIMEZONE + (GLONGDDD[2]-48)
TIMEZONE = TIMEZONE / 15
If TIMEZONE > 12 Then

TIMEZCONE = TIMEZIONE - 24

EndIf
TRUNCEDTZ = TIMEZCHNE

Return

CALCTIMEFROMGPS:
GoSub  CALCTIMEZONE
TIMEH = (GTIMEH[0]-48)*10
TIMEH = TIMEH + (GTIMEH[1]-48)
TIMEH = TIMEH — 4
If TIMEH 0 Then

TIMEH = TIMEH + 24

EndIf




Software

* One-shot HSerlIn instruction of Proton Basic used with necessary arguments
to place each data in its own associated variable

RMC standard
RMC standard
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RMC standard

RMC standard
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RMC standard

$GPGSV.1,1,00*79
$GPRMC,003304.749,V,0000.0000,N,00000.0000,E,,,300311,,,N*78
$GPGGA,003305.758,0000.0000,N,00000.0000,E,0,00,,0.0,M,0.0,M,,0000%4C
$GPRMC,003305.758,V,0000.0000,N,00000.0000,E,,,300311,,,N*79
$GPGGA,003306.749,0000.0000,N,00000.0000, E,0,00,,0.0,M,0.0,M,,0000*4F
$GPRMC,003306.749,V,0000.0000,N,00000.0000,E,,,300311,,,N*7A
$GPGGA,003307.751,0000.0000,N,00000.0000, E,0,00,,0.0,M,0.0,M,,0000*47
$GPGSA AL .o *1E
$GPRMC,003307.751,V,0000.0000,N,00000.0000,E,,,300311,,, N*72
$GPGGA,003308.760,0000.0000,N,00000.0000,E,0,00,,0.0,M,0.0,M,,0000%4A
$GPRMC,003308.760,V,0000.0000,N,00000.0000,E,,,300311,,,N*7F
$GPGGA,003309.750,0000.0000,N,00000.0000,E,0,00,,0.0,M,0.0,M,,0000%48
$GPGSAAL .m0 *1E

$GPGSV,1,1,00*79

« Valid example of RMC data:
$GPRMC,161250.487,A,3723.2475,N,15030.3416,W,0.13,309.62,120511

—

GPS Module
Output
NMEA Standard



= Software

Elmdechactions: Ty
e }
e Initialization = __@
e Reading GPS maduleﬁg e
o Date calculation ol [ weessrosee e |

e Time calculation

» Main core of this coce is TIMERO overflow interrupt
« Occurs exactly every 1 mn‘imy

[ gosub calcdats, calctime, calctimezone J

\




Modeling & Simulation

* Proteus ISIS Professional advanced simulation software employed for design
verification of this system

Model Components:

* PIC18F4431 microcontroller

» Standard LMO016L 2x16 LCD model

* Virtual terminal to illustrate data flow in serial data line

» HDL (Hardware description language) code to define a virtual model for the GPS
module.
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Conclusion and practical application




Thank you for your attention



