
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 12, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 997 

A Study on Analytical Geometry in Satellite Navigation 

K. Uma Maheswari1 S. Elakkiya2 S. Kiruthika3 
1Assistant Professor 2,3B.Sc Student 

2,3Department of Mathematics 
1,2,3Sri Krishna Arts and Science College, Coimbatore, India 

Abstract— The purpose of this paper is to demonstrate 

analytical geometry and its application in satellite navigation. 

This paper briefly explains about the satellite navigation and 

how coordinate geometry is applied in navigating satellites. 

And it develops an algorithm for GPS navigation problems, 

in which it is desired to find the coordinates which yields the 

receiver’s exact location. The paper also gives an overview 

of navigating satellites and the working of global positioning 

system (GPS). 
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I. INTRODUCTION 

Analytical geometry is the study of geometry using a 

coordinate system. It is a link between algebra and geometry 

in which algebraic procedures are applied to geometry and 

position is represented analytically by coordinates. i.e., 

Analytical geometry deals with algebraic representation of 

geometrical figures. It deals with coordinates, positions of 

geometrical figures, algebraic equations and various other 

applications related to fusion of algebra and geometry. A 

satellite navigation (SATNAV) system is a system that uses 

satellites to provide autonomous geo-spatial positioning. It 

allows small electronic receivers to determine their location. 

The positioning of an object using coordinates is the major 

application of coordinate geometry in Satellite navigation. 

II. COORDINATE GEOMETRY 

Coordinate geometry is the study of algebraic equations on 

graphs. It pertains to representation of geometrical figures on 

a Coordinate system. Coordinate system is a system which 

specifies positions of geometrical figures in n-dimensional 

space using coordinates. Cartesian coordinate system, polar 

coordinate System, spherical coordinate system, cylindrical 

coordinate system are the most commonly used coordinate 

systems. Analytical geometry is also known as analytic 

geometry or coordinate geometry or Cartesian geometry. 

III. SATELLITE NAVIGATION 

 A satellite navigation or SATNAV system is a system that 

uses satellites to provide autonomous geo-spatial positioning. 

It allows small electronic receivers to determine their location 

(longitude, latitude, and altitude/elevation) to high precision 

(within a few metres) using time signals transmitted along a 

line of sight by radio from satellites. The system can be used 

for providing position, navigation or for tracking the position 

of something fitted with a receiver (satellite tracking). The 

signals also allow the electronic receiver to calculate the 

current local time to high precision, which allows time 

synchronization. SATNAV systems operate independently of 

any telephonic or internet reception, though these 

technologies can enhance the usefulness of the positioning 

information generated. 

A. Development 

The idea that led to development of the satellite navigation 

systems dates back to 1957 and the first launch of an artificial 

satellite into orbit, Russia’s Sputnik I. Dr.William H. Guier 

and Dr. George C. Wieffenbach at the applied Physics 

Laboratory of the Johns Hopkins university. They plotted the 

received signals at precise intervals, and noticed that a 

characteristic Doppler curve emerged. Since satellites 

generally follow fixed orbits, they reasoned that this curve 

could be used to describe the satellite’s orbit.  

The Navy Navigation Satellite System (NAVSAT, 

also known as TRANSIT) was the first operational satellite 

navigation system. Transit's operation was based on the 

Doppler Effect. The satellites travelled on well-known paths 

and broadcast their signals on a well-known radio frequency. 

The received frequency will differ slightly from the broadcast 

frequency because of the movement of the satellite with 

respect to the receiver. The system’s accuracy was better than 

0.1 nautical miles anywhere in the world, though its 

availability was somewhat limited. It was used primarily for 

the navigation of surface ships and submarines, but it also had 

some applications in air navigation. It was also used in hydro 

graphic surveying and geodetic position determination.  

IV. GLOBAL POSITIONING SYSTEM 

Global Positioning System (GPS) is the primary navigation 

system. i.e., GPS is a spaced-based radio positioning system 

which provides suitably equipped users with highly accurate 

position, velocity, and time data. It consists of three major 

segments: a space segment, a control segment, and a user 

segment.  

 The space segment comprises some 24 satellites. Spacing 

of the satellites in their orbits is arranged so that at least 

four satellites are in view to a user at anytime, anywhere 

on the Earth.  

 The control segment (CS) is composed of: a master 

control station (MCS), an alternate master control 

station, four dedicated ground antennas, and six 

dedicated monitor stations. 

 The user segment (US) is composed of hundreds of 

thousands of U.S. and allied military users of the secure 

GPS Precise Positioning Service, and tens of millions of 

civil, commercial and scientific users of the Standard 

Positioning Service (see GPS navigation devices). 

The GPS does not require the user to transmit any 

data, and it operates independently of any telephonic or 

internet reception, though these technologies can enhance the 

usefulness of the GPS positioning information. The GPS 

provides critical positioning capabilities to military, civil, and 

commercial users around the world. GPS equipment is widely 

used in science and has now become sufficiently low-cost so 

that almost anyone can own a GPS receiver.  

https://en.wikipedia.org/wiki/Satellite
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Longitude
https://en.wikipedia.org/wiki/Latitude
https://en.wikipedia.org/wiki/Altitude
https://en.wikipedia.org/wiki/Elevation
https://en.wikipedia.org/wiki/Time_signal
https://en.wikipedia.org/wiki/Line-of-sight_propagation
https://en.wikipedia.org/wiki/Radio
https://en.wikipedia.org/wiki/Doppler_effect
https://en.wikipedia.org/wiki/Radio_frequency
https://en.wikipedia.org/wiki/GPS_navigation_device
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A. Basic Concept  

GPS measures distances between satellites in orbit and a 

receiver on Earth. The distance measurements are done by 

comparing timing signals generated simultaneously by the 

satellites’ and receiver’s internal clocks. These signals 

characterized by a special wave form known as the pseudo-

random code. The signal from the satellite arrives at the 

receiver following a time delay proportional to its distance 

travelled. This time delay is detected by the phase shift 

between the received pseudorandom code and the code 

generated by the receiver. Knowing the time required for the 

signal to reach the receiver from the satellite allows the 

receiver to calculate the distance from the satellite.  

Theoretically, only three time measurements are required to 

obtain a fix from GPS. In practice, however, a fourth 

measurement is required to obtain an accurate position from 

GPS.  

B. Working Principle of GPS 

 There are 21 GPS satellites and three spare satellites are 

in orbit at 10,600 miles above the Earth. The satellites 

are spaced so that from any point on Earth, four satellites 

will be above the horizon.  

 Each satellite contains a computer, an atomic clock, and 

a radio. With an understanding of its own orbit and the 

clock, it continually broadcasts its changing position and 

time. (Once a day, each satellite checks its own sense of 

time and position with a ground station and makes any 

minor correction) 

 On the ground, any GPS receiver contains a computer 

that "triangulates" its own position by getting bearings 

from three of the four satellites. The result is provided in 

the form of a geographic position - longitude and latitude 

- to, for most receivers, within 100 meters. 

 If the receiver is equipped with a display screen that 

shows a map, the position can be shown on the map. 

 If a fourth satellite can be received, the 

receiver/computer can figure out the altitude as well as 

the geographic position. 

 If you are moving, your receiver may also be able to 

calculate your speed and direction of travel and give you 

estimated times of arrival to specified destinations.  

C. Trilateration 

In geometry, trilateration is the process of determining 

absolute or relative locations of points by measurement of 

distances, using the geometry of circles, spheres or triangles. 

In addition to its interest as a geometric problem, trilateration 

does have practical applications in surveying and navigation, 

including global positioning systems (GPS). In contrast to 

triangulation, it does not involve the measurement of angles. 

A GPS receiver uses trilateration (a more complex 

version of triangulation) to determine its position on the 

surface of the earth by timing signals from three satellites in 

the Global Positioning System. Once a GPS device has 

distances for at least three satellites, it can perform the 

trilateration calculations. Trilateration works in a similar way 

to pinpointing your position on a map knowing the precise 

distance from three different landmarks using a pair of 

compasses. Where the three circles centred on each of the 

landmarks overlap is your location given the radius of each 

circle is your distance from each landmark.  

In the GPS version, the calculations are carried out 

in three-dimensions with an imaginary set of 3D compasses 

so that your location is where three spheres of radius given by 

the distance to each of three satellites overlap. If the GPS 

device can see a fourth satellite, then the measurements can 

be double-checked. The calculation process happens very 

quickly, allowing the GPS device to pinpoint its location, 

altitude (if it is in an aircraft), speed and direction. The 

transmissions are timed to begin precisely on the minute and 

the half minute as indicated by the satellite's atomic clock. 

The first part of the GPS signal tells the receiver the 

relationship between the satellite's clock and GPS time. The 

next chunk of data gives the receiver the satellite's precise 

orbit information. 

D. Applications of GPS 

 Road Traffic Congestion: A navigation device has a 

GPRS receiver for receiving real time information about 

or slow average speed on a stretch of motorway, 

indicating congestion. The device calculates a new 

itinerary to avoid the congestion. 

 GPS and Terrorism: GPS is very important to determine 

the location of terrorist attackers. For example, on the 

Gurudaspur strike, Indian intelligence agencies had 

determined that the GPS sets used by the terrorist were 

first turned on in Sargodha a home to Pakistans largest 

airbase-on July 21, 2015, six days before the attack. The 

set were then programmed with digital waypoints, which 

led the attackers the border to their targets in Punjab. 

 GPS and Tours: Location determines what content to 

display, for instance, information about an approaching 

point of interest. 

V. PROBLEMS 

Suppose a person is standing somewhere in a circular lot, with 

a radius of 100 ft. The lot is paved, except for an irregularly-

shaped gravel plot that surrounds him. The mean distance 

from your position to the edge of the gravel is 20 ft. Cars 

circle the lot on a road. To determine his position, messengers 

leave from cars on the road and walk straight toward that 

person. When such a messenger arrives, he tells him where 

and at what time he left the road. He has a watch and know 

that all messengers walk at a rate of 5 ft/sec on pavement but 

slow down to 4 ft/sec on gravel. 

Consider a rectangular coordinate system with its 

origin at the centre of the lot. Distances will be measured to 

tenths of a foot, and time will be measured to tenths of a 

second. The location of a point on the road will be described 

by its angular distance from due north, measured in a 

clockwise direction. 
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Fig. 1: 

At noon a messenger leaves a position 45° from 

north. When he arrives, his watch shows that it is 20.2 

seconds afternoon. Since he has no way to know the exact 

distance that he walked on the gravel, he assumes that he 

covered the mean distance of 20 ft. At 4 ft/sec, this took him 

5 sec. For the remaining 15.2 sec he walked on pavement, 

covering 5 ft x 15.2 sec = 76.0 ft. Allowing for the assumed 

distance of 20 ft on the gravel, he knows that he is located at 

some point on a circle of radius 96.0 ft, centred at the starting 

location of the messenger. A second messenger leaves the 

road at a point 135° from north at 12:01 pm and walks to his 

position. On his arrival, the person watch shows that it is 29.5 

sec after he started. Assuming that he took 5 sec to walk 20 ft 

on the gravel, he walked 5 ft/sec 24.5 sec = 122.5 ft on the 

pavement. Hence, the person is on a circle of radius 142.5 ft, 

centred at this messenger's point of departure.  

The coordinates of the departure points for the two 

messengers are P1 = (100* sin45°, 100* cos45°) and P2 = 

(100* sin135°, 100* cos135°), respectively. Using our 

precision of one tenth of a foot, these are rounded to (70.7 

70.7) and (70.7, - 70.7). Thus, the coordinates (x0, y0), of his 

position satisfy 

(X0 —70.7)2 + (Y0 — 70.7)2 = 96.02               (1.1) 

(X0 — 70.7)2 + (Y0 + 70.7)2 = 142.52               (1.2) 

The system has two solutions, (-20.0, 39.2) and 

(161.4, 39.2), rounded to tenths. Since the latter point is 

outside of the lot, we can conclude that he is located 20.0 ft 

west and 39.2 ft north of the centre of the lot.  

Suppose that, he decides to check his position by 

having a third messenger leave the road at a point 180° from 

north and walk to his location. The messenger leaves at 12:02 

pm and, according to the person’s watch, arrives 32.2 sec 

later. As before, we compute his distance from this departure 

point P3. The most likely problem is that his watch does not 

agree with the times used at the departure points on the road. 

Suppose that his watch runs steadily but has a fixed error of 

Ɛ seconds, where a positive Ɛ means that his watch is ahead 

of the road times and a negative Ɛ means that his watch is 

behind the road times. If we let it be the time difference 

between departure and arrival, as shown on his watch, then 

the estimate for the distance travelled is d(∆t, Ɛ) = 20 ft + (∆t 

sec - Ɛ sec - 5 sec)5 ft / sec. Thus, the radius of each circle is 

in error by the same amount, -5 Ɛ ft, and there must be a value 

of Ɛ for which the three circles have a common point. It 

appears that the person’s watch has an error of approximately 

5 sec. The error and the coordinates of his position are a 

solution for the following system of equations: 

(X0 - 70.7)2 + (Y0 - 70.7)2 = d(20.2, Ɛ)2            (2.1) 

(X0 - 70.7)2 + (Y0 + 70.7)2 = d(29.5, Ɛ)2            (2.2) 

(X0 - 0.0)2 + (Y0 + 100.0)2 = d(32.2, Ɛ)2           (2.3) 

The system can be solved systematically, starting 

with seed values of 0 for Ɛ and estimated coordinates of his 

position for X0 and Y0. There is only one solution giving a 

location inside of our lot. Rounding this to our level of 

precision yields (X0, Y0, Ɛ) = (10.9, 31.2, 4.9). We conclude 

that the person is 10.9 ft east and 31.2 ft north of the centre of 

the lot, and that his watch is 4.9 sec fast.  

Back to the Satellites, Our "lot" is now the region 

inside of the satellite orbits (including the Earth), "cars on the 

road" are satellites, "messengers" are radio waves, and 

"gravel" is the Earth's atmosphere. We take the centre of the 

Earth as the origin in our coordinate system. Working in three 

dimensions, we need information from four satellites. Call 

these S1, S2, S3, and S4 and suppose that Si is located at (Xi, 

Yi, Zi) when it transmits a signal at time Ti. If the signals are 

received at times Ti', according to the clock in our receiver, 

we let, ∆ti = Ti' - Ti, and let Ɛ represent any error in our clock's 

time. The receiver allows for the mean effects of passage 

through the Earth's atmosphere and computes distances d(∆ti, 

Ɛ) that indicate how far we are from each of the satellites.  

Our position (X0, Y0, Z0) is located on each of four 

huge spheres. In most situations, there will be only one 

sensible value of Ɛ that allows the spheres to have a point in 

common. Our location is determined by solving system 

equations 

( x0 – X1 )2 + ( y0 – Y1 )2 + ( z0 – Z1 )2 = d(∆t1,Ɛ)2     (3.1) 

( x0 – X2 )2 + ( y0 – Y2 )2 + ( z0 – Z2 )2 = d(∆t2,Ɛ)2     (3.2) 

( x0 – X3 )2 + ( y0 – Y3 )2 + ( z0 – Z3 )2 = d(∆t3,Ɛ)2      (3.3) 

( x0 – X4 )2 + ( y0 – Y4 )2 + ( z0 – Z4 )2 = d(∆t4,Ɛ)2     (3.4) 

When a numerical solution is found, the rectangular 

coordinates (x0, y0, z0) are converted into the essentially 

spherical coordinates of latitude, longitude, and altitude 

above sea level. To summarize our results so far, the receiver 

is expected to (i) receive time and position information from 

the satellites, (ii) maintain a steady (but not necessarily 

accurate clock), (iii) select four satellites with a good range 

of positions, (iv) find an approximate numerical solution for 

a system of four equations, and (v) make a transformation of 

coordinates.  

VI. CONCLUSION 

The very ingenious idea of finding the location using GPS 

system to display our position on the Earth at any location 

and at any time is using nothing more than simple concept of 

distance formula in analytical geometry. The variations in 

computed positions are almost entirely due to inherent 

limitations on precision within the GPS system.  
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