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GLOBAL POSTIONING SYSTEM (GPS) 

 

 GPS also known as Navstar is a Satellite based navigation system, controlled 

and operated by the US Department of Defense. With help of transmissions from 

satellites orbiting in space, the system is capable of providing an accurate position fix 

anywhere over the world. Glonass (Global Orbiting Navigation Satellite System) is 

another similar system by Russia is now operational.  Generic term used by ICAO for 

such systems is GNSS (Global Navigation Satellite System). The system is used to 

establish the position of a radio receiver in three dimensions, correlate it to Earth’s 

reference and compute accurate time after receiving signal broadcasts from number of 

orbiting satellites in space. 

  

 PRINCIPLE of OPERATION. Basic principle of operation is; position by ranging 

method. Travel times of radio signals from respective satellites to the receiver are 

measured and converted to corresponding ranges at a common time. With the each 

satellite’s position in its orbit and distance from the receiver at a particular time known, 

three such ranges are geometrically combed to determine the receiver’s position in x, y 

and z coordinates in space, with centre of the Earth being the origin. The Cartesian 

coordinates are then converted to latitude and longitude of the receiver’s position over 

the Earth for 

navigational use. 

The height above 

the ground below is 

computed by making 

allowance for the 

eccentricity in shape 

of the Earth. 

 

 The GPS has 

three functional 

elements; Space Segment comprising number of orbiting satellites in space, Ground 

Control Segment for monitoring and functional control of the complete system and User 

Segment comprising airborne receivers used for stand alone air navigation. 

 

SPACE SEGMENT 

 

 This segment comprises a constellation of 24 (including three as standby) 

satellites orbiting the earth every 12 hours at height of 20,200 km and in six different 

orbits. These orbits are inclined at 55° to Earth’s axis in order to provide a geometrical 

configuration such that at least five satellites are in view at any point over the earth. All 

satellites consecutively transmit on the same frequency in UHF band with their individual 

codes known as PRN (pseudo random noise number).   
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 Each satellite carries four atomic 

clocks with accuracy of one billionth of a 

second in time keeping and makes a 

transmission every millisecond. The PRN 

is used by GPS transmitters for their 

identification and by receivers to track a 

particular satellite for ranging. There are 

two types of this PRN. 

¶ C/A Code (course acquisition). 

Also referred to as SPS (standard 

positioning service) is available 

for use by all receivers at 1575.42 

MHz frequency with degraded 

accuracy.  

¶ P Code or PPS (precise 

positioning service). Provides 

extremely accurate position. 

Earlier it was meant for military use only, but now is available for civil use as well. 

The transmission from all satellites has the following information. 

¶ Time transmission is made 

¶ Ephemeris – precise orbital information and the 

¶ Almanac - information on health and orbital details on entire GPS constellation. 

 

GROUND CONTROL SEGMENT 

 

 US Department of Defense constantly monitors and tracks the orbits and 

transmissions of all satellites through monitoring stations at Hawaii, Kwajalein, 

Ascension Island 

and Colorado 

Springs (master 

control station). 

Civilian use of 

the system is 

available subject 

to deliberate 

degradation in 

accuracy by the 

US. The use of 

SPS (not precise 

positions) 

accessed via 

C/A code is 

known as Selective Availability. The monitoring stations, located across the world, track 
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satellites in their view and pass information to the master station. Control on satellites 

clocks, orbits and navigational information is exercised by the master station’s computer 

and atomic clock through monitoring stations. Navigational data used by satellites for 

transmission is regularly uploaded with necessary corrections and any unserviceability 

messages. Orbits of the satellites are regularly corrected and the satellites are 

periodically about every ten years replaced. 

 

USER SEGMENT (AIRBORNE RECEIVER) 

 

 PSEUDO RANGING. Once switched on the receiver recalls data, used earlier 

before last shut down, from computer’s memory to determine which satellites would be 

in view and suitable for use. Alternately, it receives and processes data from all satellites 

which takes longer as transmission of ephemeris takes about six seconds and that of the 

almanac about 13 seconds. Using the C/A codes, the receiver determines rough ranges 

from number of satellites. Combining 

this information with knowledge of 

the exact locations of the satellites, it 

computes its own position. This 

process is called pseudo ranging. 

 

 ACCURATE POSITION. 

Accurate ranging needs highly 

accurate time reference. 

Requirement of an onboard costly 

atomic clock is dispensed with by 

using reception of signals from at 

least four or more appropriately 

positioned satellites. With 

combination of three ranges at a 

time, number of positions is found 

which would be different mainly due to error in time reference. A common correction to 

ranges is computed to bring all of them to a single position. This correction is attributed 

to error in time or clock bias at receiver. Once corrected for clock bias, subsequent 

positions and tracking are accurate. 

 

 AIRBARNE RECEIVER. Category of the receiver – operating sequentially on 

single channel or more expensive ones operating simultaneously on multi channel, 

decides the capability, accuracy and cost of the airborne equipment. For IFR operations 

multi channel capacity with RAIM (receiver autonomous integrity monitoring) facility is 

required. 

 RAIM. As a primary navigation aid criterion, the receiver must be independently 

able to detect when its information is unreliable. Minimum five satellites are required to 

be in view to analyze the signal integrity and independently evaluate the positions, using 

this feature. Six satellite signals are required to isolate the signals from the satellite 
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causing anomaly – called FDE (failure detection and exclusion). RAIM facility ensures 

minimum level of required navigation accuracy for the related phase of flight. An error in 

position caused due to geometrical disposition of satellites and the receiver which is 

known as position PDOP (position dilution of precision) or GDOP (geometric dilution of 

precision) is detected when this facility available. This is illustrated in the figure. 

 

 ALTIMETER INPUT. Digitized data from pressure altimeter can be used by the 

GPS receiver to simulate a range from centre of the Earth. This facility provides 

additional input, particularly when less than five satellites are in for use with RAIM, and 

also extends navigational coverage. 

 

 MASKING. Satellites in view, but at low angle of elevation should not be used for 

the fact that their signals 

have to travel through 

greater distances in 

ionosphere and troposphere, 

suffering higher degree of 

refraction. Passing through 

longer distances in the 

ionosphere they suffer 

higher attenuation. Such 

weak signals, generally at 

7.5° elevation are discarded at the receiver by masking function. 

 

 

 RECEIVER DISPLAYS. Variety of control and display units is commercially 

available. Data for flight planning may be entered manually via a keypad on the control 

unit. Alternately, extensive aeronautical information on airports, facilities, communication 

and airspace may be stored through data card and utilized as and when required. 

Regular updating of all information that is needed for GPS receiver operation is required 

to be carried out.  

 Most displays include navigational information on present position (latitude / 

longitude or bearing and distance to fix/ navaid), track, ground speed, EET, Wind 

Velocity and TAS, if CAS is input. A CDI and/ or digital display to show directions and 
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position on moving map of the terrain is also included in many indicators. CDI deflection 

in most of the equipment is controlled automatically. Full scale deflection in enroute 

phase corresponds to 5 nm, in terminal navigation to 1 nm and during a GPS assisted 

approach to 0.3 nm. 

 The receiver equipment can also be integrated with other electronic display 

systems like flight director or attitude direction indicator (ADI). Inputs from GPS receiver 

may be provided to external CDI or horizontal situation indicator (HIS), radio magnetic 

indicator (RMI), area navigation system (RNAV), external moving map display system 

and others. Flexibility of instantly making changes in the planned route or direct flight to 

destination exists. Performance monitoring of the system can be done any time by a 

check on its status.  

 Following sections attempt to provide a glimpse on two commonly used airborne 

GPS sets. 

  

 Bendix/ King 89(B). An 

illustration of typical control and 

Display Unit of is illustrated here. 

This display may be visualized as 

chapters and pages of a book. 

With the different buttons and 

knobs the user accesses these 

and inputs data where needed. 

The figure shows the FPL (flight 

plan) page of the display showing 

the current flight segment for the 

route from Ahmedabad to 

Mumbai. Next waypoint, 

Vadodara is 14.5 nm to go and the destination, Mumbai is 73 nm from previous waypoint 

(No 5). Most of the captions and button labels are self explanatory, but reference to 

pilot’s guide for operation is strongly recommended.  

  

Garmin 500W. Second GPS equipment 

shown here displays the FPL (flight plan) 

page of Garmin 500 set. The flight plan 

details – required track, leg distance and 

cumulative distance for the route from 

Mumbai to Ahmedabad via Daman and 

Vadodara can be seen on the screen’s 

main panel. Vertical panel on the left has 

current leg details and the ground 

position in reference to required track in 

form of track error angle and off track 

distance.  ETA to next waypoint Daman is 

also indicated.  

Courtesy: Bendix/ King 
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 The second figure on the Nav 

page graphically displays the required 

track and helicopters position with 

partial compass rose on an overlay of 

the aeronautical chart. Some of the 

other navigational details available on 

this page are; desired track from 

present position, ground speed, 

distance and time to next waypoint, and 

CDI indication at the bottom. 

Comparison of figures in the vertical 

panel on the left with the corresponding 

ones of the previous figure, clearly 

indicate the progress of the flight. It is obvious that the track error has increased.  

  

 The third figure displays a page in TERR (terrain) mode with overlay of the 

topographical map and airspace 

boundaries. Partial compass rose, 

aircraft symbol and magenta coloured 

track required present comprehensive 

horizontal position. The scale may be 

zoomed in or out by the RNG button on 

right top and present value is indicated 

by a label ‘Zoom 20 nm’. The CDI 

shows required track to be to the right 

about 2 nm – full scale being 5 nm in 

enroute mode. Exact value of XTK 1.79 

nm can be seen at left bottom. All other 

navigational parameters on the screen 

indicate current values.   

 

 

 

OTHER OPERATIONAL SYSTEMS 

 

 GLONASS. As mentioned earlier, Russian equivalent system of GPS is known 

as Glonass (Global Orbiting Navigation Satellite System) and operates with 21 satellites 

orbiting the Earth every 12 hours. The difference is in the orbital altitude and inclination 

of about 19,000 feet and 66° compared to GPS. In transmitting navigational data each 

satellite uses a different frequency and facility of selective availability is not provided. 

Common receivers for GPS and Glonass are available which minimize the error due to 

PDOP with larger number of satellites in view from both systems. The system is 

expected to have 24 operational satellites by 2010. 
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 DIFFERENTIAL GPS. Accuracy, much higher than that is available with 
conventional GPS equipment is required during approach and departure procedures. An 
ingenious modification to improve the accuracy is adaptation in DGPS (differential GPS). 
A ground GPS receiver is installed at accurately surveyed location in the terminal area. 
The difference in actual 
geographical position 
and the one found by 
GPS computer is 
continually determined. 
Considering same 
difference applies to all 
airborne equipment in 
the area, suitable 
correction through data 
links is passed on to 
the other users. The 
figure illustrates this 
simple concept. 
Correction when 
applied to the 
computed position of airborne receivers results in accuracy enhancements between +1 
to -10 mtrs. This is acceptable for non-precision aerodrome approach procedures only. 
Claims on improvement in accuracy and work in enhancing the capability to carry out 
precision approaches have already been made. 
 
 WAAS GPS (Wide Area Augmentation System GPS). WAAS is meant for use 
in precision flight approaches providing required positional accuracies. The system 
consists of approximately 25 ground reference stations positioned across North America. 
With two master stations, located on either coast, data from the reference stations is 
collected and a GPS correction message created.  This correction accounts for GPS 
satellite orbit and clock 
drift plus signal delays 
caused by the 
atmosphere and 
ionosphere. WAAS GPS 
also provides vital 
integrity information 
regarding the health of 
each GPS satellite.  The 
corrected differential 
message is then 
broadcast through one of 
two geostationary 
satellites that are 
satellites with a fixed 
position over the equator. 
The information is compatible with the basic GPS signal structure, which means any 
WAAS-enabled GPS receiver can read the signal. The figure here explains the basic 
concept. Available in North America, WAAS GPS provides extended coverage both 
inland and offshore compared to the land-based DGPS system. Another benefit of 
WAAS is that it does not require additional receiving equipment, while DGPS does.  
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 Other states are continually developing similar systems or variants of the WAAS 
GPS to achieve better accuracies. The European system is EGNOS (European 
geostationary navigation over lay service). Japan’s Mass (multi functional transport 
satellite augmentation system) and India’s GAGAN (GPS aided Geo Augmented 
Navigation) projects are in advance stages towards completion. The system depicted 
here also illustrates the concept which aims to improve global navigation, 
communication, surveillance and air traffic management in future. Installation of eight 
Indian Reference Stations (Ingress) and link to MCC at Bangaluru were completed in 
2007. With launch of three GAGAN payloads with GSAT series of satellites starting in 
2010, the system will be operational. 
 

GPS ERRORS AND LIMITATIONS 
 

 Clock-bias error and its resolution, degradation in accuracy due to satellite 
geometry (PDOP) and use of selective availability (SA) have been already discussed. 
Other errors affecting overall performance are enumerated here. 
  
 EMPHEMERIS ERROR. Transmitted data defining satellites current position is 
based on predicted values of gravity of earth, sun, moon and other planets. This may 
further be modified by other celestial bodies and debris in space. Minor malfunctions, 
delay in their detection and subsequent rectification can also contribute to error in the 
ephemeris information. The error may be within ± 4mtrs. 
  
 MULTI PATH ERROR. Ranging error may be caused by radio signals reaching 
the receiver after reflection from Earth’s surface or parts of aircraft like its fin. Helicopters 
flying at low altitudes may be relatively susceptible to this error due to mountains, high 
structures and even tall tress in case of signals from satellites at low elevation angle. 
Signals received via different paths may cause error to order of ± 0.6 mtrs. 
 
 IONOSPHERIC and TROPOSPHERIC REFRACTION. Radio signals passing 
through Ionospheric layers particularly at shallow angles even in the UHF band may 
suffer refraction and slow down during propagation. The combined error is called 
Ionospheric Group delay and the error is about 5 mtrs. In lower regions of atmosphere, 
water vapour causes reduction in speed of radio waves and results in ranging error. 
Compensation for this however can be built in the computer of GPS receiver. 
 
 MEASUREMENT ERROR AT RECEIVER. Manufacturing limitations and 
tolerances accepted for the receivers give rise to small inaccuracies in computed 
positions. These are rather small and in order of ± 0.3 mtr. 
 
 INTERFERENCE. Extremely weak signals of GPS having travelled thousands of 
kilometres are received mixed with electro magnetic interferences of all kinds - VHF, 
high powered radar, TV and FM broadcasts. Radio spectrum is becoming crowded and 
the problem is likely to increase. Deliberate action of ‘jamming’ is also being possible. 
Doubt on GPS integrity or loss of RAIM should be reported to appropriate authorities 
whenever observed. 
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ACCURACY AND INTEGRITY 
  
 A user should appreciate the intricacies and uncertainness in the combined effect 
that the factors enumerated above have on the final GPS position. Expecting the same 
accuracy all the time and everywhere is impractical. Operators should monitor the status 
page and correlate the accuracy. Exhaustive details on sky view of satellites, accuracy 
of the fix, receiver status, relative strength of signal from each satellite being received, 
and exclusion of any satellite. Figure below shows a sample of the Status Page. 
  

 
 
 
 
 Positional accuracy of ±30 mtrs at 95% of occasions in C/A mode is expected in 

horizontal position with CA signal. Computed vertical position relatively is less accurate 
and may be within ±500 ft at 95% of the time. Typical magnitudes for the error quoted for 

DGPS are of the order of ±3 mtrs and with P Code operating to be ±17 mtrs. 

 
 

SKY VIEW STATUS 

ESTMATED POSITION 
ERROR 

DILUTION of PRECISION 

HORIZONTAL 
UNCERTAINITY LEVEL 

SATELLITE 
 ID NOs 

SIGNAL STRENGTH 
BARS EXCLUDED 

SATELLITE 

CURRENT PAGE GROUP 
No of PAGES, POSITION 
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SUMMARY 
 

GPS (ICAO ð GNSS) Satellite based navigation system to establish the position of a 
radio receiver in three dimensions, correlate it to Earthõs reference and 
compute accurate time. 

 
Space Segment. 24 (three as standby) satellites, 12 hourly six orbits at height of 

20,200 km. Orbits inclined at 55° to Earthõs axis provide a configuration 
minimum five in view at any point over the earth. All satellites consecutively 
transmit on the same UHF frequency.  

 
Ground Control Segment. Master and monitoring stations exercise control on 

satellites clocks, orbits and navigational information. Navigational data 

regularly uploaded and orbits corrected. Satellites are periodically replaced. 

 
User Segment. Airborne receiver carries out Pseudo-ranging using C/ A.  Accurate 

position and time is determined by suitable signals from minimum four 
satellites. RAIM  facility for autonomous integrity monitoring needs five 
satellites to be in view. Signals from satellites at low angles are masked.  

 
Displays. Exclusive or integrated with other electronic displays. Used as pages of a 

book for various functions. For example, flight plan, aeronautical information, 
navigation, terrain display, instrument procedures and detailed status 
monitoring. 

 
Other Systems.  GLONASS is Russian similar system. Receivers compatible with 

both systems are in use.  
 
Differential GPS. Position correction determined at ground station is conveyed 

through network to airborne receiver. Its application improves positional 
accuracy.  WAAS GPS uses additional satellites and ground stations in North 
America providing accuracies matching precision approaches. 

 
Errors and Limitations. Final position computed is affected by a large number of 

factors. Major ones being: the propagation of signals, accuracies of satellite 
orbits and related data, radio interference, and tolerances.  

 
Positional Accuracy. ±30 mtrs at 95% occasions in C/A mode.  

Vertical position ±  500 ft at 95% of the time.  
DGPS ± 3 mtrs and with P Code operating ±  17 mtrs. 

. 
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SAMPLE QUESTIONS: GPS 

 
1. Minimum number of satellite to obtain an accurate fix using GPS that are suitably 

positioned is; 
 

(a) three. 
(b) four. 
(c) six. 
(d) two. 

 
2. A GPS receiver computes its position by measuring from number of satellites the 

time; 
 

(a) delay between reception from two satellites in view. 
(b) taken for radio signals to the receiver and back. 
(c) average from minimum of four satellites to receiver. 
(d) interval between transmission and its reception at the receiver. 

 
3. Reception from each satellite is required to be identified at the receiver. This 

though all satellites transmit at the same frequency is possible because the 
transmission has a; 
 

(a) PRN 
(b) SPS 
(c) RAIM 
(d) PPS 

 
4. GPS suffers following errors; 

 
i) Ionospheric Group Delay 
ii) Tropospheric Ducting Error 
iii) Selective availability 
iv) Multi Path error 
v) Geometric dilution of position 
vi) Ephemeris error 

 
(a) (i), (ii), (iii) and (iv). 
(b) (i), (ii), (vi) and (vi). 
(c) (i), (iv), (v) and (vi). 
(d) (ii), (iii), (iv) and (v). 

 
5. The least number of GPS satellites needed for provision of remote autonomous 

integrity monitoring  features by receiver is; 
 

(a) six. 
(b) three and barometric altitude. 
(c) four. 
(d) eight. 
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6. A GPS receiver in determining its position actually measures; 

 
(a) the ranges from minimum of four satellites. 
(b) the Doppler shift caused due to movement of satellite and the airborne 

receiver. 
(c) the time interval between transmission of radio signal at a satellite and its 

reception at the receiver. 
(d) the difference in time between the clocks at the satellite and receiver 

during signal transmission. 
 

7. A differential GPS can not minimize the effect of the; 
 

(a) all errors caused due to ionosphere and troposphere group delays. 
(b) geometric dilution of position. 
(c) multi path errors. 
(d) clock and ephemeris error. 

 
8. Russian equivalent of GPS known as Glonass has; 

 
(a) 21 active satellites orbiting every 24 hours. 
(b) satellite orbits higher than GPS orbits. 
(c) capability to be combined at the receiver with GPS signals to reduce 

errors. 
(d) all satellites transmitting at same frequency. 

 
9. Masking function of GPS receiver ensures that transmissions from a satellite are 

ignored if;  
 

(a) its position is 7.5° off the predicted orbit.  
(b) the transmission does not contain the PRN. 
(c) it lies below a fixed elevation angle with respect to the receiver. 
(d) RAIM parameters are not within acceptable limits.  

 
10. DGPS and WAD GPS are the improved versions of conventional GPS. 

 
(a) DGPS operates on Doppler principle to find accurate position of receiver 
(b) While the first is limited to use in a terminal area, the second is suited for 

enroute navigation. 
(c) DGPS determines the differential range, unlike WAD GPS to improve 

accuracy. 
(d) DGPS can be used for non-precision approaches and WAD GPS for 

precision approaches to land. 
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ANSWERS: GPS 
 

Question Option 

1 b 

2 d 

3 a 

4 c 

5 a 

6 c 

7 b 

8 c 

9 c 

10 b 

 


