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1 Objectives 
 

The objectives of this lesson are: 

 Create awareness of basic concepts of Global Navigation Satellite System 

(GNSS) 

 Provide a brief overview of applications in agriculture 

 Define remote sensing 

 Understand how can be applied remote sensing in agriculture 

 Define Geographic Information System (GIS) 

 Analyze its advantages and disadvantages  

 

2 Tutor instructions 
 

This is a 4h of presently lesson.  This presentation will lead the attendant to get an 

overview of the Global Navigation Satellite System and how it can be used in 

agriculture issues. 

 

2.1 Global Navigation Satellite 
 
(Slide 6 and 7 from document LectureGNSS.pptx) [1] 
 
Global Navigation Satellite System (GNSS) refers to a constellation of satellites 

providing signals from space that transmit positioning and timing data to GNSS 

receivers. The receivers then use this data to determine location. 

By definition, GNSS provides global coverage. Examples of GNSS include Europe’s 

Galileo, the USA’s NAVSTAR Global Positioning System (GPS), Russia’s Global'naya 

Navigatsionnaya Sputnikovaya Sistema (GLONASS) and China’s BeiDou Navigation 

Satellite System. 
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2.2 Satellites 
 

2.2.1 Introduction 
 
(Slide 8 from document LectureGNSS.pptx) 
 
“A satellite is a device sent up into space to travel around the earth, used for collecting 

information or communicating by radio, television, etc.” - Cambridge dictionary. 

Launched Satellites videos → https://www.gps.gov/multimedia/launchvideos/   

 

2.2.2 Satellites: composition 
 
(Slide 9 from document LectureGNSS.pptx) [2] 
 
1. The propulsion subsystem includes the rocket motor that brings the spacecraft to 

its permanent position, as well as small thrusters (motors) that help to keep the 

satellite in its assigned place in orbit. Satellites drift out of position because of solar 

wind or gravitational or magnetic forces. When that happens, the thrusters are fired 

to move the satellite back into the right position in its orbit. 

2. The power subsystem generates electricity from the solar panels on the outside of 

the spacecraft. The solar panels also store electricity in storage batteries, which can 

provide power at times when the sun isn't shining on the panels. The power is used to 

operate the communications subsystem. The entire communications subsystem can 

be operated with about the same amount of power as would be used by 10 light bulbs. 

3. The communications subsystem handles all the transmit and receive functions. It 

receives signals from the Earth, amplifies them, and transmits (sends) them to another 

satellite or to a ground station. 

4. The structures subsystem helps provide a stable framework so that the satellite can 

be kept pointed at the right place on the Earth's surface. Satellites can't be allowed to 

jiggle or wander, because if a satellite is not exactly where it belongs, pointed at 

exactly the right place on the Earth, the television program or the telephone call it 

transmits to you will be interrupted. 

5. The thermal control subsystem keeps the active parts of the satellite cool enough 

to work properly. It does this by directing the heat that is generated by satellite 

operations out into space, where it won't interfere with the satellite. 

https://www.gps.gov/multimedia/launchvideos/
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6. The attitude control subsystem points the spacecraft precisely to maintain the 

communications "footprints" in the correct location. When the satellite gets out of 

position, the attitude control system tells the propulsion system to fire a thruster that 

will move the satellite back where it belongs. 

7. Operators at the ground station need to be able to transmit commands to the 

satellite and to monitor its health. The telemetry and command system provides a way 

for people at the ground stations to communicate with the satellite. 

 

2.2.3 Orbits 
 
(Slide 11-13 from document LectureGNSS.pptx) [3] 
 
 A geostationary orbit, often referred to as a GEO orbit, circles the Earth above the 

equator from west to east at a height of ~36 000 km. As it follows the Earth’s rotation, 

which takes 23 hours 56 minutes and 4 seconds, satellites in a GEO orbit appear to be 

‘stationary’ over a fixed position. Their speed is about 3 km per second. 

As satellites in geostationary orbit continuously cover a large portion of the Earth, this 

makes it an ideal orbit for telecommunications or for monitoring continent-wide 

weather patterns and environmental conditions. It also decreases costs as ground 

stations do not need to track the satellite. A constellation of three equally spaced 

satellites can provide full coverage of the Earth, except for the polar regions. 

Geostationary Transfer Orbit: This is an elliptical Earth orbit used to transfer a 

spacecraft from a low altitude orbit or flight trajectory to geostationary orbit. The 

apogee is at 36 000 km. When a spacecraft reaches this point, its apogee kick motor 

is fired to inject it into geostationary orbit. 

A Low Earth Orbit is normally at an altitude of less than 1000 km and could be as low 

as 160 km above the Earth. Satellites in this circular orbit travel at a speed of around 

7.8 km per second. At this speed, a satellite takes approximately 90 minutes to circle 

the Earth. 

In general, these orbits are used for remote sensing, military purposes and for human 

spaceflight as they offer close proximity to the Earth’s surface for imaging and the 

short orbital periods allow for rapid revisits. The International Space Station is in low 

Earth orbit. 

A Medium Earth Orbit takes place at an altitude of around 1000 km and is particularly 

suited for constellations of satellites mainly used for telecommunications. A satellite 

in this orbit travels at approximately 7.3 km per second. 
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As the name suggests, polar orbits pass over the Earth’s polar regions from north to 

south. The orbital track of the satellite does not have to cross the poles exactly for an 

orbit to be called polar, an orbit which passes within 20 to 30 degrees of the poles is 

still classed as a polar orbit. 

These orbits mainly take place at low altitudes of between 200 to 1000 km. Satellites 

in polar orbit look down on the Earth’s entire surface and can pass over the North and 

South Poles several times a day. 

Polar orbits are used for reconnaissance and Earth observation. If a satellite is in polar 

orbit at an altitude of 800 km, it will be travelling at a speed of approximately 7.5 km 

per second. 

Sun Synchronous Orbits are polar orbits which are synchronous with the Sun. A 

satellite in a sun synchronous orbit would usually be at an altitude of between 600 to 

800 km. Generally these orbits are used for Earth observation, solar study, weather 

forecasting and reconnaissance, as ground observation is improved if the surface is 

always illuminated by the Sun at the same angle when viewed from the satellite.  

More information in: 

"https://earthobservatory.nasa.gov/features/OrbitsCatalog”  

 

2.2.4 Triangulation & Trilateration 
 
(Slide 11-13 from document LectureGNSS.pptx) [4] 
 
To compute an object position in the earth surface, it is used a technique called 

trilateration: 

Trilateration works by finding your position on Earth once the location of GPS satellites 

orbiting the Earth and their distance from your location are known. Since we cannot 

physically measure the distance of these satellites directly, we need to use the known 

speed of the signal sent by the GPS satellites and the time the signals were sent. This 

is quite easy, because satellites send out electromagnetic signals constantly. If our GPS 

receiver detected the signal from only one satellite, all we could tell is that we could 

be anywhere on the surface of a sphere of radius equal to the calculated distance from 

the satellite. If we only received signals from two satellites (satellite A and B, for 

example), we could tell that we are somewhere along the circle drawn by the 

intersections of the spheres described by the two signals. But with a third satellite 

signal we can tell the exact location of our device, because the three spheres will 

intersect in one point only. 

https://earthobservatory.nasa.gov/features/OrbitsCatalog


 

 

  

 

 

6 

This concept would be feasible if the receiver would have an atomic clock. The GPS 

satellites have atomic clocks that keep very precise time, but it's not feasible to equip 

a GPS receiver with an atomic clock. However, if the GPS receiver uses the signal from 

a fourth satellite it can solve an equation that lets it determine the exact time, without 

needing an atomic clock. 

Therefore, the minimum satellites to have a reliable measure are 4 (three for position 

and one for clock) but the more satellites there are above the horizon the more 

accurately your GNSS receiver can determine where you are. Because the data can be 

crossed and errors can be mitigated. 

Exercise (Optional): https://www.gps.gov/multimedia/tutorials/trilateration/   

To solve the user position, the receiver use the following formula, which express the 

pseudo-range as an Euclidean distance between a receiver at position (x,y,z) and the 

satellites, at position p(s)= (x(s),y(s),z(s)): 

 

 
 
where c is the speed of light (299,792,458 m/s ), δtu is the receiver clock bias, δt(s) is  

clock  bias  of  satellite and є captures all delays including ionosphere and atmosphere 

delays. 

 

2.2.5 Geodetic datum & NMEA 
 
(Slide 14-16 from document LectureGNSS.pptx) [5] 
 
A geodetic datum or reference frame is an abstract coordinate system with a 

reference surface (such as sea level) that serves to provide known locations to begin 

surveys and create maps. In other words is a precise earth representation. 

This has led to the development of global ellipsoid models such as WGS72, GRS80 and 

WGS84 (current). The World Geodetic System (WGS84) is the reference coordinate 

system used by the Global Positioning System. 

NMEA sentences: "https://www.gpsinformation.org/dale/nmea.htm”  

The National Marine Electronics Association (NMEA) has developed a specification 

that defines the interface between various pieces of marine electronic equipment. The 

standard permits marine electronics to send information to computers and to other 

https://www.gps.gov/multimedia/tutorials/trilateration/
https://www.gpsinformation.org/dale/nmea.htm
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marine equipment. A full copy of this standard is available for purchase at their web 

site. None of the information on this site comes from this standard and I do not have 

a copy. Anyone attempting to design anything to this standard should obtain an official 

copy. 

GPS receiver communication is defined within this specification. Most computer 

programs that provide real time position information understand and expect data to 

be in NMEA format. This data includes the complete PVT (position, velocity, time) 

solution computed by the GPS receiver.  

 

2.3 Basis of Global positioning systems (GPS) 
 
The Global Positioning System (GPS) is a U.S.-owned utility that provides users with 

positioning, navigation, and timing (PNT) services. This system consists of three 

segments: the space segment, the control segment, and the user segment. The U.S. 

Air Force develops, maintains, and operates the space and control segments. [6] 

 

2.3.1 Space segment 
 
(Slide 20-22 from document LectureGNSS.pptx) [7] 
 
GPS satellites fly in medium Earth orbit (MEO) at an altitude of approximately 20,200 

km (12,550 miles). Each satellite circles the Earth twice a day. 

The satellites in the GPS constellation are arranged into six equally-spaced orbital 

planes surrounding the Earth. Each plane contains four "slots" occupied by baseline 

satellites. This 24-slot arrangement ensures users can view at least four satellites from 

virtually any point on the planet. 
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The Air Force normally flies more than 24 GPS satellites to maintain coverage 

whenever the baseline satellites are serviced or decommissioned. The extra satellites 

may increase GPS performance but are not considered part of the core constellation. 

In June 2011, the Air Force successfully completed a GPS constellation expansion 

known as the "Expandable 24" configuration. Three of the 24 slots were expanded, 

and six satellites were re-positioned, so that three of the extra satellites became part 

of the constellation baseline. As a result, GPS now effectively operates as a 27-slot 

constellation with improved coverage in most parts of the world. 

As of April 24, 2019, there were a total of 31 operational satellites in the GPS 

constellation, not including the decommissioned, on-orbit spares.  

 

Expandable 24-Slot satellite constellation, as defined in the SPS Performance Standard.  
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SIGNALS [8] 

The L1 signal is the oldest GPS signal. It has two parts: the Coarse/Acquisition Code 

(C/A) and the Precision Code (P-code). The P-code is reserved for military use, while 

the C/A is open to the public. The L1 signal uses the frequency 1575.42 MHz.  Since 

the L1 is the oldest and most established signal, even the cheapest GPS units are 

capable of receiving it. However, because its frequency is relatively slow it is not very 

effective at traveling through obstacles. 

The L2 frequency was implemented after the L1. It also has a military code and a 

civilian use code. The L2 uses the frequency 1227.60 MHz, which is faster than the L1. 

This allows the signal to better travel through obstacles such as cloud cover, trees, and 

buildings (more on obstacles here). However, since L2 is newer, its infrastructure is 

not yet complete. Because of this, it cannot be used on its own: it must be used along 

with L1 frequencies  



 

 

  

 

 

10 

L5 is the third GPS signal, operating at 1176 MHz. It is the most advanced GNSS signal 

yet, but it is still in its infancy, with deployment scheduled for 2021 It will be used for 

safety-of-life transportation and other demanding applications such as aviation. It will 

eventually become another signal available for civilian users.  Since it is so new, it’s 

not yet useful for surveyors, but it is something to keep in mind when designing the 

GPS receivers of the future. 

NAVIGATION MESSAGES [9] 

This is the primary vehicle for communicating the NAV message to GPS receivers. The 

NAV message is also known as the GPS message. It includes some of the information 

the receivers need to determine positions. Today, there are several NAV messages 

being broadcast by GPS satellites, but we will look at the oldest of them first. The legacy 

NAV (NAV) message continues to be one of the mainstays on which GPS relies. The 

NAV code is broadcast at a low frequency of 50 Hz on both the L1 and the L2 GPS 

carriers. It carries information about the location of the GPS satellites called the 

ephemeris and data used in both time conversions and offsets called clock corrections. 

Both GPS satellites and receivers have clocks on board. It also communicates the health 

of the satellites on orbit and information about the ionosphere. The ionosphere is a 

layer of atmosphere through which the GPS signals must travel to get to the user. It 

includes data called almanacs that provide a GPS receiver with enough little snippets 

of ephemeris information to calculate the coordinates of all the satellites in the 

constellation with an approximate accuracy of a couple of kilometers. The Navigation 

code, or message, is the vehicle for telling the GPS receivers some of the most 

important things they need to know. Here are some of the parameters of its design. 

[…] The almanacs are just a little slice of their ephemerides. 

For more specific information about the message structure: 

https://gssc.esa.int/navipedia/index.php/GPS_Navigation_Message 

 

2.3.2 Control Segment 
 
(Slide 23 from document LectureGNSS.pptx) [7] 
 
The GPS control segment consists of a global network of ground facilities that track 

the GPS satellites, monitor their transmissions, perform analyses, and send commands 

and data to the constellation. 

The current Operational Control Segment (OCS) includes a master control station, an 

alternate master control station, 11 command and control antennas, and 16 

monitoring sites. The locations of these facilities are shown in the map below. 

https://gssc.esa.int/navipedia/index.php/GPS_Navigation_Message
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2.3.3 User segment 
 
(Slide 4 from document LectureGNSS.pptx) [7] 
 
The user receiving equipment, typically referred to as a ‘‘GPS receiver,’’ processes the 

L-band signals transmitted from the satellites to determine user PVT. There has been 

a significant evolution, almost revolution, in the technology of GPS receiving sets, 

paralleling that of the electronics industry in general. The move has been from analog 

to digital solid state devices and surface-mount technology wherever feasible. The  

initial  receiving  sets  manufactured  in  the  mid-1970s  as  part  of  the  concept 

validation phase were principally analog devices for military application, which were 

large, bulky, and heavy. With today’s technology, a GPS receiver of comparable or 

more  capability  typically  weighs  a  few  pounds  (or  ounces)  and  occupies  a  small 

volume. The smallest sets today are those of ‘‘wrist watch’’ size while probably the 

largest is a naval shipboard unit with a footprint of 1,550 cm2 (232.5 in2) and weight 

of  70  lb  (mass  of  31.8  kg).  Selection  of  a  GPS  receiver  depends  on  the  user’s 

application  (e.g.,  civilian  versus  military,  platform  dynamics,  etc.).  Following  a 

description of a typical receiver’s components, selection criteria are addressed. 

 

 

2.3.4 Performance 
 
(Slide 25-27 from document LectureGNSS.pptx) [10] 
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The performance of GNSS is assessed using four criteria: 

Accuracy: the difference between a receiver’s measured and real position, speed or 

time; 

Integrity: a system’s capacity to provide a threshold of confidence and, in the event 

of an anomaly in the positioning data, an alarm; 

The Stanford diagram actually accounts for integrity events and not for integrity 

failures (according to the above definitions), but allows to distinguish between two 

types of integrity events: misleading information (or MI) events and hazardously 

misleading information (or HMI) events 

Continuity: a system’s ability to function without interruption; 

Availability: the percentage of time a signal fulfils the above accuracy, integrity and 

continuity criteria. 

This performance can be improved by regional satellite-based augmentation systems 

(SBAS), such as the European Geostationary Navigation Overlay Service (EGNOS) 

among others augmentation systems like GBAS. EGNOS improves the accuracy and 

reliability of GPS information by correcting signal measurement errors and by 

providing information about the integrity of its signals.   

 

2.3.5 GPS, error sources 
 
(Slide 28-29 from document LectureGNSS.pptx) [11] 
 
User Equivalent Range Errors (UERE) are those that relate to the timing and path 
readings of the satellites due to anomalies in the hardware or interference from the 
atmosphere. A complete list of the sources of User Equivalent Range Errors, in 
descending order of their contributions to the total error budget, is below: 

 
1.  Satellite clock: GPS position calculations, as discussed above, depend on 

measuring signal transmission time from satellite to receiver; this, in turn, 
depends on knowing the time on both ends. NAVSTAR satellites use atomic 
clocks, which are very accurate but can drift up to a millisecond (enough to make 
an accuracy difference). These errors are minimized by calculating clock 
corrections (at monitoring stations) and transmitting the corrections along with 
the GPS signal to appropriately outfitted GPS receivers. 

2. Upper atmosphere (ionosphere): As GPS signals pass through the upper 
atmosphere (the ionosphere 50-1000km above the surface), signals are delayed 
and deflected. The ionosphere density varies; thus, signals are delayed more in 
some places than others. The delay also depends on how close the satellite is to 
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being overhead (where distance that the signal travels through the ionosphere is 
least). By modeling ionosphere characteristics, GPS monitoring stations can 
calculate and transmit corrections to the satellites, which in turn pass these 
corrections along to receivers. Only about three-quarters of the bias can be 
removed, however, leaving the ionosphere as the second largest contributor to 
the GPS error budget. 

3.  Lower atmosphere: The three lower layers of atmosphere (troposphere, 
tropopause, and stratosphere) extend from the Earth’s surface to an altitude of 
about 50 km. The lower atmosphere delays GPS signals, adding slightly to the 
calculated distances between satellites and receivers. Signals from satellites close 
to the horizon are delayed the most, since they pass through the most 
atmosphere. 

4. Receiver clock: GPS receivers are equipped with quartz crystal clocks that are less 
stable than the atomic clocks used in NAVSTAR satellites. Receiver clock error can 
be eliminated, however, by comparing times of arrival of signals from two 
satellites (whose transmission times are known exactly). 

5. Satellite orbit: GPS receivers calculate coordinates relative to the known locations 
of satellites in space, a complex task that involves knowing the shapes of satellite 
orbits as well as their velocities, neither of which is constant. The GPS Control 
Segment monitors satellite locations at all times, calculates orbit eccentricities, 
and compiles these deviations in documents called ephemerides. An ephemeris 
is compiled for each satellite and broadcast with the satellite signal. GPS receivers 
that are able to process ephemerides can compensate for some orbital errors. 

 
6. Multipath: Ideally, GPS signals travel from satellites through the atmosphere 

directly to GPS receivers. In reality, GPS receivers must discriminate between 
signals received directly from satellites and other signals that have been reflected 
from surrounding objects, such as buildings, trees, and even the ground. 
Antennas are designed to minimize interference from signals reflected from 
below, but signals reflected from above are more difficult to eliminate. One 
technique for minimizing multipath errors is to track only those satellites that are 
at least 15° above the horizon, a threshold called the "mask angle." 
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2.3.6 Real-time applications 
 
(Slide 30-32 from document LectureGNSS.pptx) [12] 
 
The development and implementation of precision agriculture or site-specific farming 
has been made possible by combining the Global Positioning System (GPS) and 
geographic information systems (GIS). These technologies enable the coupling of real-
time data collection with accurate position information, leading to the efficient 
manipulation and analysis of large amounts of geospatial data. GPS-based applications 
in precision farming are being used for farm planning, field mapping, soil sampling, 
tractor guidance, crop scouting, variable rate applications, and yield mapping. GPS 
allows farmers to work during low visibility field conditions such as rain, dust, fog, and 
darkness. 
 
In the past, it was difficult for farmers to correlate production techniques and crop 
yields with land variability. This limited their ability to develop the most effective 
soil/plant treatment strategies that could have enhanced their production. Today, 
more precise application of pesticides, herbicides, and fertilizers, and better control 
of the dispersion of those chemicals are possible through precision agriculture, thus 
reducing expenses, producing a higher yield, and creating a more environmentally 
friendly farm. 
 
Man operating farm equipment Precision agriculture is now changing the way farmers 
and agribusinesses view the land from which they reap their profits. Precision 
agriculture is about collecting timely geospatial information on soil-plant-animal 
requirements and prescribing and applying site-specific treatments to increase 
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agricultural production and protect the environment. Where farmers may have once 
treated their fields uniformly, they are now seeing benefits from micromanaging their 
fields. Precision agriculture is gaining in popularity largely due to the introduction of 
high technology tools into the agricultural community that are more accurate, cost 
effective, and user friendly. Many of the new innovations rely on the integration of 
on-board computers, data collection sensors, and GPS time and position reference 
systems. 
 
Many believe that the benefits of precision agriculture can only be realized on large 
farms with huge capital investments and experience with information technologies. 
Such is not the case. There are inexpensive and easy-to-use methods and techniques 
that can be developed for use by all farmers. Through the use of GPS, GIS, and remote 
sensing, information needed for improving land and water use can be collected. 
Farmers can achieve additional benefits by combining better utilization of fertilizers 
and other soil amendments, determining the economic threshold for treating pest and 
weed infestations, and protecting the natural resources for future use. 
 
Farm equipment tending precisely contoured rows of crops GPS equipment 
manufacturers have developed several tools to help farmers and agribusinesses 
become more productive and efficient in their precision farming activities. Today, 
many farmers use GPS-derived products to enhance operations in their farming 
businesses. Location information is collected by GPS receivers for mapping field 
boundaries, roads, irrigation systems, and problem areas in crops such as weeds or 
disease. The accuracy of GPS allows farmers to create farm maps with precise acreage 
for field areas, road locations and distances between points of interest. GPS allows 
farmers to accurately navigate to specific locations in the field, year after year, to 
collect soil samples or monitor crop conditions. 
 
Crop advisors use rugged data collection devices with GPS for accurate positioning to 
map pest, insect, and weed infestations in the field. Pest problem areas in crops can 
be pinpointed and mapped for future management decisions and input 
recommendations. The same field data can also be used by aircraft sprayers, enabling 
accurate swathing of fields without use of human “flaggers” to guide them. Crop 
dusters equipped with GPS are able to fly accurate swaths over the field, applying 
chemicals only where needed, minimizing chemical drift, reducing the amount of 
chemicals needed, thereby benefiting the environment. GPS also allows pilots to 
provide farmers with accurate maps. 
 
Farmers and agriculture service providers can expect even further improvements as 
GPS continues to modernize. In addition to the current civilian service provided by 
GPS, the United States is committed to implementing a second and a third civil signal 
on GPS satellites. The first satellite with the second civilian signal was launched in 
2005. The new signals will enhance both the quality and efficiency of agricultural 
operations in the future.  
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2.4 Augmentation systems 
 
(Slide 34-40 from document LectureGNSS.pptx) [13, 14] 
 
Even   though the   core   constellations   and   the   receivers   can   provide   enough 

accuracy,   continuity,   availability and integrity  for some applications,  sometimes 

the requirements needs a greater degree of accuracy or integrity, then is necessary to 

have some source of augmentation for these parameters. The most known 

augmentation  systems are  SBAS  and  GBAS and will be briefly described below. 

The  philosophy  of  the  other  augmentation  systems  is based on  the  concept  of  

differential correction, which uses GNSS receivers installed on the ground in a 

precisely defined position to  calculate  the  error  for  each  pseudo-range  distance  

measured from  satellites  in  view  of  the  core  constellations. The calculated error 

for each satellite is then broadcasted so other receivers can correct the information 

coming from the satellites. 

 

2.4.1 SBAS: 
 
“SBAS provide absolute positioning; it  determines  a position  within  a  space-based  

reference  frame, thus it may also be considered the Space Domain group. Satellite 

communication links are used for some of the GBAS so the term SBAS does not relate 

to  the  communication  link  used  but  instead describes  the  nature  of  the  

corrections, that  they are for the satellites.” 

SBAS supports wide-area or regional augmentation – even continental scale - through 

the use of geostationary (GEO) satellites which broadcast the augmentation 

information. A SBAS augments primary GNSS constellation(s) by providing GEO 

ranging, integrity and correction information. While the main goal of SBAS is to 

provide integrity assurance, it also increases the accuracy with position errors below 

1 meter (1 sigma). 

The ground infrastructure includes the accurately-surveyed sensor stations which 

receive the data from the primary GNSS satellites and a Processing Facility Center 

which computes integrity, corrections and GEO ranging data forming the SBAS signal-

in-space (SIS). The SBAS GEO satellites relay the SIS to the SBAS users which determine 

their position and time information. For this, they use measurements and satellite 

positions both from the primary GNSS constellation(s) and the SBAS GEO satellites and 

apply the SBAS correction data and its integrity. In other words, instead of determining 

position relative to some fixed point of  the  Earth’s  surface as GBAS, they  determine 

a position within a space-based reference  frame, thus it may also be considered the 
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Space Domain group. Satellite communication links are used for some of the GBAS so 

the term SBAS does not relate to  the  communication  link  used  but  instead describes  

the  nature  of  the  corrections, that  they are for the satellites. 

The augmentation information provided by SBAS covers corrections and integrity for 

satellite position errors, satellite clock/time errors and errors induced by the 

estimation of the delay of the signal while crossing the ionosphere. For the errors 

induced by the estimation of the delay caused by the troposphere and its integrity, 

the user applies a tropospheric delay model.  

Examples of SBAS:  
 
WAAS, EGNOS, MSAS 
Currently  under  development  are  the  Wide  Area Augmentation System       (WAAS), 

European Geostationary  Navigation  Overlay  System (EGNOS) and the MTSAT 

Satellite Augmentation System (MSAS). All three address the need for reliable 

accurate positioning of vehicles with the side benefit that these  services  are  available  

to  everyone  within  the transmitting satellite footprint. A summary of the key 

differences  appears  in  table below  including  the  Initial Operational Capability (IOC) 

dates. Note that WAAS, EGNOS and MSAS corrections will be received over a much 

wider area than they are currently planned to be valid  for. For  example, WAAS  

corrections  can  be received in Africa but the resulting position accuracy may be worse 

than standalone GPS performance. Some consumer handheld GPS manufacturers 

have been advertising a performance of less than 3m  horizontal. The first 24 hours of 

the updated correction stream with a NavCom dual-frequency receiver has an 

accuracy similar to WAAS. The May 2002 newsletter published by the EGNOS System 

Test Bed reported an accuracy  of  0.7m  horizontal and 0.9m vertical with the current 

test signal. Figure  2  demonstrates  that  this  performance  has been surpassed. Initial  

performance  data  for  the  MSAS  ground control  segment  in  sending  corrections  

via  a  radio link was presented at the ION GPS2002 conference as 4.3m horizontal and 

7.5m vertical. The MTSAT-1R satellite, which will transmit MSAS correction data,is 

currently scheduled for launch in Summer 2003. 

 

2.4.2 StarFire:  
 
The StarFire system has been developed by NavCom Technology Inc and Ag  

Management Solutions, both  components of Deere and Company, and is operated by 

NavCom to address the need for reliable accurate positioning globally. StarFire  has  

transitioned  from  its  early  days  as  a set  of  Wide  Area  DGPS  networks to a robust 

unified network with a single set of corrections valid for the entire Earth. The  global 
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set of corrections is based on  technology called Real Time GIPSY (RTG)  developed  by 

the Jet  Propulsion  Laboratory (JPL) for the National Aeronautics and Space  

Administration (NASA). A net-work of more than sixty geodetic GPS receivers is 

distributed  globally to ensure that multiple sites are capable  of  seeing  every  GPS  

satellite. Many  of  these reference   sites   contribute   their   data   to   the International 

GPS Service for Geodynamics (IGS) and thus  ensure  that  the  geodetic  control  for  

StarFire  is tightly   coupled   to   the   International   Terrestrial Reference  Frame. 

Atomic  clocks  which  contribute  to Universal Time are used to directly steer some of 

the GPS reference stations such that these can be used as a  clock  reference  for  the  

entire  StarFire  network. All raw data observable are sent via redundant data links to  

two  independent  geographically  separate  control hubs.  The  RTG  algorithm  

coupled  with  additional proprietary NavCom StarFire hub code takes into 

consideration the following: 

•  Geo-potential 

•  Solid Tide 

•  Polar Tide 

•  Ocean Tide 

•  Troposphere 

•  Solar Pressure 

•  Relativity 

•  Phase Wind-up 

•  GPS Yaw 

•  Satellite Clocks 

•  Reference Site Clocks 

•  Reference Receiver Biases 

 

GPS  satellite  orbit  corrections  are  calculated  and transmitted  every  minute.  

Satellite  clock  corrections   are   calculated   much   more   frequently. Corrections  

are  transmitted  by  both  control  hubs to all Land Earth Uplink stations for onward 

trans-mission  to  the  user  via  three  Inmarsat  satellites. Figure  1  shows  the  

footprints  of  these  three Inmarsats  where  StarFire  corrections  can  be received.   

StarFire   corrections   are   applicable worldwide, distribution and use of the 

corrections outside  of  the  Inmarsat  satellite  footprints  was recently  done  by  JPL  

on  an  airborne  platform  in the  Arctic  using  an  Iridium  satellite  phone.  All StarFire  
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receivers  incorporate  an  L-Band  antenna and  demodulator  for  decoding  the  

corrections,plus  a  dual  frequency  geodetic  GPS  engine  that removes  local  

ionospheric  effects.  The  Nav Com positioning algorithm uses the WAAS tropospheric 

model, redundant satellite observables and time to model the local multi-path and 

troposphere. The   number   of   reference   stations   used,   the absolute  tie  to  

Universal  Time,  the  algorithms,  geodetic  quality  hardware  and  the  frequency  of  

correction updates, enables StarFire to surpass the performance  from  Standalone  

GPS,  WAAS,  EGNOS  and  the currently  indicated  performance  of  MSAS. The  

University  of  Minnesota recently  conducted  independent  tests  for  a  snowplough  

heads-up  display  for  use  in  white-out  conditions. In  a  dynamic  evaluation, they  

concluded  that RTK and Network RTK using a variety of other manufacturers’ 

hardware demonstrated a horizontal  accuracy  better  than  10cm;  the NavCom  

StarFire  receiver  demonstrated a horizontal accuracy better than 20cm. 

 

 

2.4.3 GBAS: 
 
GBAS  provides  relative  positioning.  These  positioning  options  determine  

corrections  at  the Earth’s  surface  either  at  individual  sites  or  averaged over a 

region. These corrections are an amalgam  of  primary  reference  error  sources  and  

are transmitted  to  the  user  via  radio  or  satellite  link. User  coordinates  are  

determined  relative  to  the reference site(s). Accuracy degrades with distance from  

the  individual  reference  site  or  the  regional boundary, primarily because of 

differential ionospheric and tropospheric effects, satellite orbits and clocks. 

GBAS  works  based  on  three  segments:  satellites  constellation,  ground  station  

and  aircraft  receiver, as shown in the following Figure. 
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Examples of GBAS:  
 
Beacon DGPS, commercial DGPS, RTK / Network RTK and Widelane RTK is  a  relative  

newcomer,  which  is only  available  in  the  few  areas  of  the  world  that require  

high  accuracy  on  a  regular  basis  for  oil and gas exploration surveys. 

 

 

 

 

  



 

 

  

 

 

21 

 

2.4.4 AS Overview 
 
Those  interested  in  sub-meter  accuracy  can  see that,  as  summarized  in  Table  2,  

Satellite  Based Augmentation  Systems  can  provide  more  choice for  positioning  

system  selection. Public  and  commercial  SBAS,  coupled  with  a  volume  

manufactured geodetic grade GPS sensor, provide a simple cost  effective  means  of  

realizing  high  accuracy positioning. The inherent redundancy of the SBAS technique 

creates an extremely robust positioning service which can continue even with multiple 

reference station failures. The decimeter positioning accuracy and global coverage  of  

StarFire  makes  high  accuracy  positioning simpler to accomplish worldwide, whether 

it  be  auto-steering  for  agriculture,  the  furthest reaches of the Oceans, flying high 

over the Arctic or local survey data collection. A  combination  of  static  geodetic  

processing, RTK and SBAS in one unit provides positioning flexibility which can help 

fulfill the needs of GIS professionals, land and hydro graphic surveyors worldwide. 

 

 

2.5  Sensors 
 
(Slide 42-56 from document LectureGNSS.pptx) [15] 
 

2.5.1 Introduction to remote sensing 
 
“Remote Sensing is the art and science of acquiring information about the earth 

surface without having any physical contact with it. This is done by sensing and 

recording of reflected and emitted energy.”[15] 
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a. Energy Sources: 
 
The first and most important requirement for a Remote Sensing system is an ideal 
energy source or illumination which provides electromagnetic radiation to the Target 
interest. 
 
b. Atmosphere and Radiation: 
 
As the energy traveling from its source to Earth surface, it will come in contact with 
atmosphere when it passes through. This is also happening when the energy from 
target reflected bake to sensor. 
 
c. Interaction with the Target and Recording of the Reflected Energy 
 
Once the energy is passed through the atmosphere, it interacts with the target object 
and depending upon the physical and chemical properties of the Target the energy is 
reflected or emitted back the Sensor collect and record the Electromagnetic radiation. 
This radiation is classified in the electromagnetic Spectrum whose ranges goes from 
kilometers to nanometers. These are divided by ranges called Spectral bands. There 
are several regions in the Electromagnetic spectrum which is useful for Remote 
Sensing. The following image shows the various regions in EMR. 
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d. Transmission and Ground level Processing 
 
After the energy sensed it has to be transmitted in the form of electronic signals to 
the ground stations for processing and generate the output as image (Hard copy/Soft 
copy).  
 
e. Interpretation, Analysis and Application. 
 
The processed image is interpreted visually and digitally using various interpretation 
Techniques to extract the information. 
 
The final step is that we are applying the extracted information on various fields of our 
studies. It may reveal some new information about which the target. The data we 
gained through Remote Sensing may not be able to collect it through other 
conventional methods. The applications are infinite. 
 
 
Remote Sensing Applications in Agriculture 
 
Remote sensing is the acquisition of information about an object or any phenomenon 
without making any physical contact with the object. It is a phenomenon that has 
numerous applications including photography, surveying, geology, forestry and many 
more. But it is in the field of agriculture that remote sensing has found significant use. 
There are very many applications of remote sensing in the agricultural sector. Below 
is a summary of these applications.  [16] 
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Normalized Difference Vegetation Index (NDVI) quantifies vegetation by measuring 

the difference between near-infrared (which vegetation strongly reflects) and red light 

(which vegetation absorbs). 

NDVI always ranges from -1 to +1. But there isn’t a distinct boundary for each type of 

land cover. 

For example, when you have negative values, it’s highly likely that it’s water. On the 

other hand, if you have a NDVI value close to +1, there’s a high possibility that it’s 

dense green leaves. 

But when NDVI is close to zero, there isn’t green leaves and it could even be an 

urbanized area. 

How do you calculate NDVI? 

As shown below, Normalized Difference Vegetation Index (NDVI) uses the NIR and red 

channels in its formula. 

 

Healthy vegetation (chlorophyll) reflects more near-infrared (NIR) and green light 

compared to other wavelengths. But it absorbs more red and blue light. 

This is why our eyes see vegetation as the color green. If you could see near-infrared, 

then it would be strong for vegetation too. Satellite sensors like Landsat and Sentinel-

2 both have the necessary bands with NIR and red.  

The result of this formula generates a value between -1 and +1. If you have low 

reflectance (or low values) in the red channel and high reflectance in the NIR channel, 

this will yield a high NDVI value. And vice versa. 

Overall, NDVI is a standardized way to measure healthy vegetation. When you have 

high NDVI values, you have healthier vegetation. When you have low NDVI, you have 

less or no vegetation. Generally, if you want to see vegetation change over time, then 

you will have to perform. 

 
Examples: 
 
1.    Crop production forecasting: Remote sensing is used to forecast the expected crop 
production and yield over a given area and determine how much of the crop will be 
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harvested under specific conditions. Researchers can be able to predict the quantity 
of crop that will be produced in a given farmland over a given period of time. 
2.    Assessment of crop damage and crop progress: In the event of crop damage or 
crop progress, remote sensing technology can be used to penetrate the farmland and 
determine exactly how much of a given crop has been damaged and the progress of 
the remaining crop in the farm. 
3.    Horticulture, Cropping Systems Analysis: Remote sensing technology has also been 
instrumental in the analysis of various crop planting systems. This technology has 
mainly been in use in the horticulture industry where flower growth patterns can be 
analyzed and a prediction made out of the analysis. 
4.    Crop Identification: Remote sensing has also played an important role in crop 
identification especially in cases where the crop under observation is mysterious or 
shows some mysterious characteristics. The data from the crop is collected and taken 
to the labs where various aspects of the crop including the crop culture are studied. 
5.    Crop acreage estimation: Remote sensing has also played a very important role in 
the estimation of the farmland on which a crop has been planted. This is usually a 
cumbersome procedure if it is carried out manually because of the vast sizes of the 
lands being estimated. 
6.    Crop condition assessment and stress detection: Remote sensing technology plays 
an important role in the assessment of the health condition of each crop and the 
extent to which the crop has withstood stress. This data is then used to determine the 
quality of the crop. 
7.    Identification of planting and harvesting dates: Because of the predictive nature 
of the remote sensing technology, farmers can now use remote sensing to observe a 
variety of factors including the weather patterns and the soil types to predict the 
planting and harvesting seasons of each crop. 
8.    Crop yield modelling and estimation: Remote sensing also allows farmers and 
experts to predict the expected crop yield from a given farmland by estimating the 
quality of the crop and the extent of the farmland. This is then used to determine the 
overall expected yield of the crop. 
9.    Identification of pests and disease infestation: Remote sensing technology also 
plays a significant role in the identification of pests in farmland and gives data on the 
right pests control mechanism to be used to get rid of the pests and diseases on the 
farm. 
10.    Soil moisture estimation: Soil moisture can be difficult to measure without the 
help of remote sensing technology. Remote sensing gives the soil moisture data and 
helps in determining the quantity of moisture in the soil and hence the type of crop 
that can be grown in the soil. 
11.    Irrigation monitoring and management: Remote sensing gives information on 
the moisture quantity of soils. This information is used to determine whether a 
particular soil is moisture deficient or not and helps in planning the irrigation needs of 
the soil. 
12.    Soil mapping: Soil mapping is one of the most common yet most important uses 
of remote sensing. Through soil mapping, farmers are able to tell what soils are ideal 
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for which crops and what soil require irrigation and which ones do not. This 
information helps in precision agriculture. 
13.    Monitoring of droughts: Remote sensing technology is used to monitor the 
weather patterns including the drought patterns over a given area. The information 
can be used to predict the rainfall patterns of an area and also tell the time difference 
between the current rainfall and the next rainfall which helps to keep track of the 
drought. 
14.    Land cover and land degradation mapping: Remote sensing has been used by 
experts to map out the land cover of a given area. Experts can now tell what areas of 
the land have been degraded and which areas are still intact. This also helps them in 
implementing measures to curb land degradation. 
15.    Identification of problematic soils: Remote sensing has also played a very 
important role in the identification of problematic soils that have a problem in 
sustaining optimum crop yield throughout a planting season. 
16.    Crop nutrient deficiency detection: Remote sensing technology has also helped 
farmers and other agricultural experts to determine the extent of crop nutrients 
deficiency and come up with remedies that would increase the nutrients level in crops 
hence increasing the overall crop yield. 
17.    Reflectance modeling: Remote sensing technology is just about the only 
technology that can provide data on crop reflectance. Crop reflectance will depend on 
the amount of moisture in the soil and the nutrients in the crop which may also have 
a significant impact on the overall crop yield. 
18.    Determination of water content of field crops: Apart from determining the soil 
moisture content, remote sensing also plays an important role in the estimation of the 
water content in the field crops. 
19.    Crop yield forecasting: Remote sensing technology can give accurate estimates 
of the expected crop yield in a planting season using various crop information such as 
the crop quality, the moisture level in the soil and in the crop and the crop cover of 
the land. When all of this data is combined it gives almost accurate estimates of the 
crop yield. 
20.    Flood mapping and monitoring: Using remote sensing technology, farmers and 
agricultural experts can be able to map out the areas that are likely to be hit by floods 
and the areas that lack proper drainage. This data can then be used to avert any flood 
disaster in future. 
21.    Collection of past and current weather data: Remote sensing technology is ideal 
for collection and storing of past and current weather data which can be used for 
future decision making and prediction. 
22.    Crop intensification: Remote sensing can be used for crop intensification that 
includes collection of important crop data such as the cropping pattern, crop rotation 
needs and crop diversity over a given soil. 
23.    Water resources mapping: Remote sensing is instrumental in the mapping of 
water resources that can be used for agriculture over a given farmland. Through 
remote sensing, farmers can tell what water resources are available for use over a 
given land and whether the resources are adequate. 
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2.6 Geographic Information System (GIS) 
 
(Slide 57-65 from document LectureGNSS.pptx) [17] 
 
Geographic Information System (GIS) is a computer system build to capture, store, 
manipulate, analyze, manage and display all kinds of spatial or geographical data. GIS 
application are tools that allow end users to perform spatial query, analysis, edit 
spatial data and create hard copy maps. In simple way GIS can be define as an image 
that is referenced to the earth or has x and y coordinate and it’s attribute values are 
stored in the table. These x and y coordinates are based on different projection system 
and there are various types of projection system. Most of the time GIS is used to create 
maps and to print. To perform the basic task in GIS, layers are combined, edited and 
designed. 
 
GIS can be used to solve the location based question such as “What is located here” 
or Where to find particular features? GIS User can retrieve the value from the map, 
such as how much is the forest area on the land use map. This is done using the query 
builder tool. Next important features of the GIS is the capability to combine different 
layers to show new information. For example, you can combine elevation data, river 
data, land use data and many more to show information about the landscape of the 
area. From map you can tell where is high lands or where is the best place to build 
house, which has the river view . GIS helps to find new information. 
 
COMPONENTS GIS [18] 
 
Hardware: Hardware is Computer on which GIS software runs. Nowadays there are a 
different range of computer, it might be Desktop or server based. ArcGIS Server is 
server based computer where GIS software runs on network computer or cloud based. 
For computer to perform well all hardware component must have high capacity. Some 
of the hardware components are: Motherboard, Hard driver, processor, graphics card, 
printer and so on. These all component function together to run a GIS software 
smoothly. 
 
Software: Next component is GIS software which provide tools to run and edit spatial 
information. It helps to query, edit, run and display GIS data. It uses RDBMS (Relational 
Database Management System) to store the data. Few GIS software list: ArcGis, 
ArcView 3.2, QGIS, SAGA GIS. 
 
Data: The most important and expensive component of the Geographic Information 
System is Data which is generally known as fuel for GIS. GIS data is combination of 
graphic and tabular data. Graphic can be vector or raster. Both type of data can be 
created in house using GIS software or can be purchased. The process of creating the 
GIS data from the analog data or paper format is called digitization. Digitization 
process involves registering of raster image using few GCP (ground control point) or 
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known coordinates.  This process is widely known as rubber sheeting or georefrencing. 
Polygon, lines and points are created by digitizing raster image. Raster image itself can 
be registered with coordinates which is widely known as rectifying the image. 
Registered image are mostly exported in TIFF format. As mentioned above, GIS data 
can be Raster or Vector. 
 
People: People are user of Geographic Information System. They run the GIS software. 
Hardware and software have seen tremendous development which made people easy 
to run the GIS software. Also computer are affordable so people are using for GIS task. 
These task may be creating simple map or performing advance GIS analysis. The 
people are main component for the successful GIS. 
 
Methods: For successful GIS operation a well-designed plan and business operation 
rules are important. Methods can vary with different organizations. Any organization 
has documented their process plan for GIS operation. These document address 
number question about the GIS methods: number of GIS expert required, GIS software 
and hardware, Process to store the data, what type of DBMS (database management 
system) and more. Well designed plan will address all these question. 
 
Types of GIS Data: 
 
Raster Data: Raster data store information of features in cell based manner. Satellite 
images, photogrammetry and scanned maps are all raster based data. Raster model 
are used to store data which varies continuously as in aerial photography, a satellite 
image or elevation values (DEM- Digital Elevation Model). 
 
Vector Data: There are three types of vector data, points, lines and polygons. These 
data are created by digitizing the base data. They store information in x, y coordinates. 
Vectors models are used to store data which have discrete boundaries like country 
borders, land parcels and roads. 
 
More information → 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=2ah
UKEwj2l4Oht8ToAhWqzYUKHfwbAhoQFjALegQIAhAB&url=https%3A%2F%2Fwebapp
s.itc.utwente.nl%2Flibrarywww%2Fpapers_2009%2Fgeneral%2Fprinciplesgis.pdf&us
g=AOvVaw2jtVMJLYJa8l-U_dotpkj5  
 
  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=2ahUKEwj2l4Oht8ToAhWqzYUKHfwbAhoQFjALegQIAhAB&url=https%3A%2F%2Fwebapps.itc.utwente.nl%2Flibrarywww%2Fpapers_2009%2Fgeneral%2Fprinciplesgis.pdf&usg=AOvVaw2jtVMJLYJa8l-U_dotpkj5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=2ahUKEwj2l4Oht8ToAhWqzYUKHfwbAhoQFjALegQIAhAB&url=https%3A%2F%2Fwebapps.itc.utwente.nl%2Flibrarywww%2Fpapers_2009%2Fgeneral%2Fprinciplesgis.pdf&usg=AOvVaw2jtVMJLYJa8l-U_dotpkj5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=2ahUKEwj2l4Oht8ToAhWqzYUKHfwbAhoQFjALegQIAhAB&url=https%3A%2F%2Fwebapps.itc.utwente.nl%2Flibrarywww%2Fpapers_2009%2Fgeneral%2Fprinciplesgis.pdf&usg=AOvVaw2jtVMJLYJa8l-U_dotpkj5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=2ahUKEwj2l4Oht8ToAhWqzYUKHfwbAhoQFjALegQIAhAB&url=https%3A%2F%2Fwebapps.itc.utwente.nl%2Flibrarywww%2Fpapers_2009%2Fgeneral%2Fprinciplesgis.pdf&usg=AOvVaw2jtVMJLYJa8l-U_dotpkj5
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3  Related links: 
 
[1] https://www.gsa.europa.eu/european-gnss/what-gnss 

[2] http://basic-parts-of-a-satellite.blogspot.com/   

[3]https://www.esa.int/Our_Activities/Space_Transportation/Types_of_orbits 

[4] https://www.stem.org.uk/system/files/elibrary-

resources/2018/08/Quantum%20Tech_Teacher%20guide_GPS%20and%20Trilaterati

on.pdf 

[5] https://www.ngs.noaa.gov/datums/index.shtml 

[6] https://www.gps.gov/systems/gps/ 

[7] https://www.gps.gov/  

[8] https://www.mapleprecision.com/2019/01/16/l1-l2-l5-satellite-signals/ 

[9] https://www.e-education.psu.edu/geog862/node/1734 

[10] https://www.gsa.europa.eu/european-gnss/what-gnss/what-sbas  

[11] https://www.e-education.psu.edu/geog160/node/1924  

[12] https://www.gps.gov/applications/agriculture/ 

[13]http://www.navcomtech.com/navcom_en_US/docs/download_center/featured

_articles/current/accy_geomatics_world_may_june_03.pdf  

[14]https://www.icao.int/SAM/eDocuments/GBASGuide.pdf 

[15] https://grindgis.com/what-is-remote-sensing/know-basics-of-remote-sensing#1  

[16] https://www.farms.com/precision-agriculture/remote-sensing/  

[17] https://grindgis.com/what-is-gis/what-is-gis-definition  

[18] https://grindgis.com/blog/components-of-gis  

https://www.gsa.europa.eu/european-gnss/what-gnss
http://basic-parts-of-a-satellite.blogspot.com/
https://www.esa.int/Our_Activities/Space_Transportation/Types_of_orbits
https://www.esa.int/Our_Activities/Space_Transportation/Types_of_orbits
https://www.stem.org.uk/system/files/elibrary-resources/2018/08/Quantum%20Tech_Teacher%20guide_GPS%20and%20Trilateration.pdf
https://www.stem.org.uk/system/files/elibrary-resources/2018/08/Quantum%20Tech_Teacher%20guide_GPS%20and%20Trilateration.pdf
https://www.stem.org.uk/system/files/elibrary-resources/2018/08/Quantum%20Tech_Teacher%20guide_GPS%20and%20Trilateration.pdf
https://www.ngs.noaa.gov/datums/index.shtml
https://www.gps.gov/systems/gps/
https://www.gps.gov/
https://www.mapleprecision.com/2019/01/16/l1-l2-l5-satellite-signals/
https://www.e-education.psu.edu/geog862/node/1734
https://www.gsa.europa.eu/european-gnss/what-gnss/what-sbas
https://www.e-education.psu.edu/geog160/node/1924
https://www.gps.gov/applications/agriculture/
https://www.gps.gov/applications/agriculture/
http://www.navcomtech.com/navcom_en_US/docs/download_center/featured_articles/current/accy_geomatics_world_may_june_03.pdf
http://www.navcomtech.com/navcom_en_US/docs/download_center/featured_articles/current/accy_geomatics_world_may_june_03.pdf
https://www.icao.int/SAM/eDocuments/GBASGuide.pdf
https://grindgis.com/what-is-remote-sensing/know-basics-of-remote-sensing#1
https://www.farms.com/precision-agriculture/remote-sensing/
https://grindgis.com/what-is-gis/what-is-gis-definition
https://grindgis.com/blog/components-of-gis

