
Digital Revolution

. Why Did Google Launch Maps?

Google’s public mission is to “organize the world’s information and make it universally accessible 

and useful”. Many, but not all, of the company’s present-day projects focus on this mission — a 

mission reliant on gathering, organizing, and interpreting millions of gigabytes of data.

At a very basic level, Google Maps has taken a huge amount of offline information and published 

it online. We’re talking things like highway networks, road signs, street names, and business 

names. But as I hint below, Google hopes that Maps will be able to do a lot more in the future.

Collecting Data for Google Maps

Map Partners

To help with this endeavour, Google partners with “the most comprehensive and authoritative data 

sources” via its Base Map Partner Program. A huge number of agencies submit detailed vector 

data to Google, and these agencies include the USDA Forest Service, the US National Park Service, 

the US Geological Survey, various city and county councils, and so on.

This data is used to demarcate changing boundaries and waterways, display new bike paths, 

among other things, and this helps to keep the “base map” as up-to-date as possible.
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• Google Street View is a never-ending road trip. With a massive squad of vehicles dispersed around the 
planet, their aim is to repeatedly drive around every accessible road they can find — all the while taking 
360-degree photos everywhere they go.

•

• Based on the GPS coordinates of those vehicles, Google overlays its Street View images on top of its base 
map.

• Street View offers much more than just a stitched panorama of streets and destinations. Using ever-
improving optical character recognition (OCR) capabilities, Google can “read” things like road signs, 
traffic signs, and business names.

• These additional reads are processed and turned into navigational and directional data that Maps can 
incorporate into its database. If a road’s name has changed since the last time it was photographed, a 
more recent Street View photo will detect this. This is also (partly) how Google has built its huge database 
of local business details.
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• Street View

Google Street View is a never-ending road trip. With a massive squad of vehicles dispersed around the planet, their aim 
is to repeatedly drive around every accessible road they can find — all the while taking 360-degree photos everywhere 
they go.   Based on the GPS coordinates of those vehicles, Google overlays its Street View images on top of its base 
map.

Street View offers much more than just a stitched 
panorama of streets and destinations. Using ever 
improving  optical character recognition (OCR) 
capabilities, Google can "read" things like road s traffic 
signs, and business names.

These additional reads are processed and turned into 
navigational and directional data that Maps can 
incorporate into its database. 

If a road's name has changed since the last time it was 
photographed, a more recent Street View photo will 
detect this. 

This is also (partly) how Google has built its huge 
database of local business details
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Satellites

Another layer of Google Maps is its satellite view. This is a close collaboration with Google Earth,

stitching together high-resolution photographs of the planet taken by satellites above.

These images are cross-checked with other layers of data, such as Street View as well as data

submitted by external agencies. This helps Maps to pick up geological changes, new and altered

buildings, etc.
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Satellites
Another layer of Google Maps is its satellite view. 

This is a close collaboration with Google Earth, stitching together high-resolution photographs of 

the planet taken by satellites above.

These images are cross-checked with other layers of data, such as Street View as well as data 

submitted by external agencies. 

This helps Maps to pick up geological changes, new and altered buildings, etc.

Have you ever wondered how many satellites orbit the Earth? According to the Union of Concerned 

Scientists (UCS), which maintains a database of active satellites in orbit, as of April 1, 2020, there were a 

total of 2,666 satellites in Space, of which 1,918 were in low Earth orbit (LEO).

.
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.

Google Maps Users

Google Map Maker is another way in which Google is crowdsourcing its Maps operation, and this is a program 

that’s been around since 2008 (among Google’s many others

Working in much the same way as OpenStreetMap  Google Map Maker allows anyone to contribute their local 

knowledge to Google Maps. The good news is that most of this functionality is being incorporated into Maps 

itself, and Map Maker will be shut down for good in 2017 once the transition is complete.

In short, users can edit Google’s maps with their own personal contributions. You’re able to add and edit 

places, new roads, building outlines, and hiking trails. And if you think you can get away with vandalism, think 

again: user edits can be reviewed by other users.

This means that there’s a huge army of public editors who keep Google Maps up to date 24/7. This is especially 

useful for mapping hard-to-reach places and for gathering knowledge that would otherwise be out of Google’s 

reach or awareness.

8



Digital Revolution

Location Services

There isn’t much information available about how exactly Google uses mobile location services to keep Maps 
up-to-date, but it clearly plays a large role.

Yes, that’s right: if Google has access to the location data collected by your smartphone, then you’re part of 
Google’s crowdsourced operation to improve and expand Maps.

Your location data can be used for things like real-time traffic updates, estimating current traffic speeds, and 
pinpointing road diversions. If a busy route suddenly has no traffic, Maps can assume there’s a diversion and will 
adjust directions accordingly.

Google also uses this data to estimate the hours when individual businesses will be busy. It does this by keeping 
tabs on the foot traffic in individual buildings. A bit creepy perhaps, but it’s yet another attempt to bring that 
offline information online.
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.
Local Guides

As well as its army of editors, Google also has millions of so-called Local Guides. Local Guides is 

a feature that will remind you of Foursquare and is Google’s attempt at collecting a layer of 

more subjective data to lay over its base map.

When you’re in Google Maps, go to My Contributions and you can search for different places 

in your area. By leaving a review, answering a few questions, and submitting a photo, you can 

contribute to this additional layer of data.

This local knowledge helps Maps to know things like the vibe of a cafe, whether a hotel has 

parking, or whether a restaurant has vegan options. In return for contributions, users can earn 

rewards like increased storage on Google Drive.
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How GPS Works

The Global Positioning System also called NavStar, that we use was built by the US military and has been fully 
operational since 1995. Many modern GPS receivers use a combination of both GPS and the Russia GLONASS 
satellites for improved coverage and accuracy.

.

The GPS system currently has 31 active satellites in orbits inclined 55 degrees to the equator. The satellites 

orbit about 20,000km from the earth's surface and make two orbits per day. The orbits are designed so that 

there are always 6 satellites in view, from most places on the earth.

GPS uses a lot of complex technology, but the concept is simple
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.
The GPS receiver gets a signal from each GPS satellite. The satellites transmit the exact time the signals are 

sent. By subtracting the time the signal was transmitted from the time it was received, the GPS can tell how far 

it is from each satellite. 

The GPS receiver also knows the exact position in the sky of the satellites, at the moment they sent their signals. 

So given the travel time of the GPS signals from three satellites and their exact position in the sky, the GPS 

receiver can determine your position in three dimensions - east, north and altitude.

There is a complication. To calculate the time the GPS signals took to arrive, the GPS receiver needs to know 

the time very accurately.

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.
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.If the GPS receiver is only able to get signals from 3 satellites, you can still get your position, but it will be less 

accurate. As we noted above, the GPS receiver needs 4 satellites to work out your position in 3-dimensions. If 

only 3 satellites are available, the GPS receiver can get an approximate position by making the assumption 

that you are at mean sea level. If you really are at mean sea level, the position will be reasonably accurate. 

However if you are in the mountains, the 2-D fix could be hundreds of metres off.

A modern GPS receiver will typically track all of the available satellites simultaneously, but only a selection of 

them will be used to calculate your position

Almanac and Ephemeris

To determine the location of the GPS satellites two types of data are required by the GPS receiver: the 

almanac and the ephemeris. This data is continuously transmitted by the GPS satellites and your GPS receiver 

collects and stores this data.

The almanac contains information about the status of the satellites and approximate orbital information. The 

GPS receiver uses the almanac to calculate which satellites are currently visible. The almanac is not accurate 

enough to let the GPS receiver get a fix.

If the GPS receiver is new, or has not been used for some time, it may need 15 minutes or so to receive a 

current almanac. In older GPS receivers, an almanac is required to acquire the satellites, but many newer 

models are able to acquire the satellites without waiting for the almanac.

.

13



Digital Revolution

. To get a fix, your GPS receiver requires additional data for each satellite, called the ephemeris. This data 

gives very precise information about the orbit of each satellite.

Your GPS receiver can use the ephemeris data to calculate the location of a satellite to with a metre or 

two. The ephemeris is updated every 2 hours and is usually valid for 4 hours. 

If your GPS receiver has been off for a while, it may take up to several minutes to receive the ephemeris 

data from each satellite, before it can get a fix.

Your GPS will have a screen, like the one on the right, which shows which satellites are in use.

The bar graphs show the strength of the satellites that the GPS has acquired. If the bar is hollow, the GPS is 

still downloading the ephemeris. 

The circular plot shows the location of the satellites in the sky - the centre of the circle is overhead.

Startup

When you switch the GPS on, the time-to-first-fix varies depending on how long it is since you last used the 

GPS. To get a fix, the GPS receiver needs a valid almanac, initial location, time, and ephemeris data.

The terms "cold/warm/hot start" indicate how many of these pieces of data the GPS receiver already has. 

The terms mean different things to different GPS manufacturers
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Cold start

if the GPS not been used for a long time and/or has moved several hundred kilometres it will take some time to 

get the first fix. 

In this state, the GPS receiver does not have a current almanac, ephemeris, initial position or time. Older GPS 

units may take up to an hour to search for satellites, download the almanac and ephemeris data and obtain 

an initial position, though newer GPS units may require much less than this.

If the GPS receiver has moved several hundred kilometres, its assumptions about which satellites to use will be 

incorrect and it will have to search for them. Most units will let you enter an approximate location to speed the 

process.

Warm start -

current almanac, initial position, and time are all valid. Ephemeris data is either invalid or only partially valid. 

Time-to-first-fix is likely to be 30 seconds to 2 minutes depending on satellite availability and the type of GPS 

receiver.
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Hot start -

if the receiver has been off for, say, less than an hour time-to-first-fix will likely be 5-20 seconds.

What does this all mean in practice?

If the GPS has been recently used you should get a fix almost immediately. If it hasn't, put the GPS outside with a 
clear view of the sky and have a cup of tea.

If you have a GPS in a vehicle, it's better to wait for the unit to get a fix before driving off. Receiving ephemeris 
data for a satellite takes 30 seconds.

If you momentarily interrupt the signal during that time the GPS it could take up to a minute more to get the 
ephemeris for that satellite as it has to start over. 

If you drive in an area with tall buildings or other obstructions it may take a long time to get the ephemeris data, 
for four satellites, that is needed for the first fix.

Accuracy

The accuracy of the position your GPS reports is influenced by a number of factors, such as the positions of the 
satellites in the sky, atmospheric effects, satellite clock errors and ephemeris errors etc.
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Many consumer GPS units have a WAAS option. WAAS uses a network of ground-based reference stations. 

Readings from the reference stations are used to correct for some of the sources of error mentioned above.

The correction data is sent to geostationary WAAS satellites which transmit them back to WAAS-enabled GPS 

receivers to improve position accuracy. WAAS is not available in New Zealand.

Differential Global Positioning System (DGPS) is a similar system. The data from ground reference stations is 

transmitted to the GPS using longwave radio, FM radio, or even cellphones.

How many satellites are needed for a fix?

You need 3 GPS satellites for a 2D fix (i.e. no height) or 4 satellites for a 3D fix. Typically a GPS will track many 

more satellites than

A-GPS

Have you noticed how cellphone GPS units get a fix almost immediately. They use Assisted GPS (A-GPS) as a way of 
improving the time to first fix, or even allowing a fix in conditions where the GPS might not otherwise be able to 
function.
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The A-GPS device will use a data connection (e.g. 3G on a cellphone) to contact an assistance server. The 

server can supply almanac and ephemeris data so the GPS doesn't have to wait to receive them from the 

satellites. 

The server can also send an approximate location derived from cellphone towers, allowing an immediate 

fix. In some cases the A-GPS device may send incomplete GPS data to the server for processing into a fix.

Once you are out Mobilephone and WiFi coverage, a Mobilelphone GPS unit has to rely on the satellites to 

provide the ephemeris & almanac date so, like a standard recreational GPS, it takes 1-2mins to get a fix 
from a cold start.
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Why Did Google Launch Maps? 
Google's public mission is to "organize the world's information and make it universally accessible
and useful". Many, but not all, of the company's present-day projects focus on this mission — a
mission reliant on gathering, organizing, and interpreting millions of gigabytes of data.
At a very basic level, Google Maps has taken a huge amount of offline information and published
it online. We're talking things like highway networks, road signs, street names, and business
names. But as I hint below, Google hopes that Maps will be able to do a lot more in the future.

Collecting Data for Google Maps

Map Partners
To help with this endeavour, Google partners with "the most comprehensive and authoritative data
sources" via its Base Map Partner Program. A huge number of agencies submit detailed vector
data to Google, and these agencies include the USDA Forest Service, the US National Park Service,
the US Geological Survey, various city and county councils, and so on.
This data is used to demarcate changing boundaries and waterways, display new bike paths,
among other things, and this helps to keep the "base map" as up-to-date as possible
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Google Maps Users
Google Map Maker is another way in which Google is crowdsourcing its Maps operation, and this is a program
that's been around since 2008 (among Google's many others

Working in much the same way as OpenStreetMap Google Map Maker allows anyone to contribute their local
knowledge to Google Maps. The good news is that most of this functionality is being incorporated into Maps
itself, and Map Maker will be shut down for good in 2017 once the transition is complete.

In short, users can edit Google's maps with their own personal contributions. You're able to add and edit
places, new roads, building outlines, and hiking trails. And if you think you can get away with vandalism, think
again: user edits can be reviewed by other users.

This means that there's a huge army of public editors who keep Google Maps up to date 24/7. This is especially
useful for mapping hard-to-reach places and for gathering knowledge that would otherwise be out of Google’s 
reach or awareness
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GPS receiver gets a signal from each GPS satellite. The satellites transmit the exact time the signals are sent .

By subtracting the time the signal was transmitted from the time it was received, the GPS can tell how it is from each 
satellite,

The GPS receiver also knows the exact position in the sky of the satellites, at the moment they sent their sign  given the 
travel time of the GPS signals from three satellites and their exact position in the sky, the GPS

A Receiver  can determine your position in three dimensions - east, north and altitude.

There is a complication. To calculate the time the GPS signals took to arrive, the GPS receiver needs to know time very 
accurately.

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.
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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.
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There are currently 31 US Military owned Satellites orbiting the earth on 20,200 km orbits, giving 100 % world coverage 
(24 is considered the minimum required for full global service). The free signals from these Satellites can be used in 
different ways to determine a number of measured parameters of movement and position.

To calculate the Longitude, Latitude and Height position, a GPS receiver precisely measures the different speed of light 
(299,792 km/s) delays in the signals coming from 4 or more satellites. The distance to each satellite is calculated, and 
then using trilateration, the 3D position of the GPS antenna is calculated.
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Each satellite transmits messages that include:

The time the message was transmitted.
Precise orbital information, known as the Ephemeris.
Approximate orbits of all GPS satellites, known as the Almanac.
General satellite health, etc.

All of this information takes 12.5 minutes to transmit, meaning that VBOX products that are brand new, haven't been 
used for a while or have moved location since last use may take up to this time to acquire an accurate location lock

GPS Technology operates in the following frequency bands:

GPS L1 Band: 1575.42 MHz with a bandwidth of 15.345 MHz
GPS L2 Band: 1227.6 MHz with a bandwidth of 11 MHz
GPS L5 Band: 1176.45 MHz with a bandwidth of 12.5 MHz

• 891 Khz  ABC AM

• 103.9 Mhz ABC FM
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What are Almanac and Ephemeris Data?

Global navigation satellites broadcast two kinds of data called almanac and ephemeris data. Almanac data 

contains course orbital parameters from all global navigation satellites and it can be used by and transmitted 

to other navigation satellites. Almanac data is not very precise and it can be several months old. On the 

contrary, ephemeris data is very precise because of the fact that it uses clock correction technology. For 

precise navigation information, ephemeris data is used by global positioning systems. It only stays valid for 

approximately 30 minutes and it is broadcasted by satellites every 30 seconds. Every navigation satellite 

broadcasts have its own ephemeris data only.

What is Almanac Data for?

Almanac data is used when a GPS receiver is turned on after being inactive or off for 30 minutes or more. It is 

utilized to establish the position of a GPS receiver at a given time depending on its data in the almanac. After 

the specified TTFF (Time to First Fix) navigational information, the GPS receiver can select the appropriate 

navigation satellites for the initial position search.

https://www.brighthub.com/electronics/gps/articles/73483.aspx
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What is Ephemeris Data for?

• From the selected navigation satellites, ephemeris data is collected to provide the requesting GPS receiver a 
precise location. When the GPS receiver is turned off and turned back on again, locking on a navigation 
satellite and data transmission will be very quick but only if the ephemeris data is still valid. After the 30-
minute lifespan of ephemeris data, all requests will require another recollection of ephemeris data by the 
appropriate navigation satellites.

• How Do Almanac and Ephemeris Data Work Together?

• A GPS receiver requires the acquisition of both almanac and ephemeris data to determine a target location. 
Requesting and transmission of almanac and ephemeris data in RINEX or Receiver Independent Exchange 
Format, is the bulk of the communications between GPS receivers and navigation satellites. Most GPS 
receivers, particularly the older models, need to acquire almanac data first before it can request ephemeris 
data. Almanac data basically tells the GPS receiver where it can get its required ephemeris data. If both 
almanac and ephemeris data are up to date, the GPS receiver can immediately do a location search even if it 
has just been turned on.

https://www.brighthub.com/electronics/gps/articles/73483.aspx
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• From the selected navigation satellites, ephemeris data is collected to provide the requesting GPS receiver a 
precise location. When the GPS receiver is turned off and turned back on again, locking on a navigation 
satellite and data transmission will be very quick but only if the ephemeris data is still valid. After the 30-
minute lifespan of ephemeris data, all requests will require another recollection of ephemeris data by the 
appropriate navigation satellites.

• How Do Almanac and Ephemeris Data Work Together?

• A GPS receiver requires the acquisition of both almanac and ephemeris data to determine a target location. 
Requesting and transmission of almanac and ephemeris data in RINEX or Receiver Independent Exchange 
Format, is the bulk of the communications between GPS receivers and navigation satellites. Most GPS 
receivers, particularly the older models, need to acquire almanac data first before it can request ephemeris 
data. Almanac data basically tells the GPS receiver where it can get its required ephemeris data. If both 
almanac and ephemeris data are up to date, the GPS receiver can immediately do a location search even if it 
has just been turned on.

https://www.brighthub.com/electronics/gps/articles/73483.aspx
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L1
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. (source) 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.

L2
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, it’s infrastructure is not yet complete. Because of this, it cannot be used on its own: it must 
be used along with L1 frequencies. (source)

L5
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. (source) 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. (source) 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.

http://geoconnect.com.au/gps-signals-l1-l2-l5/
http://www.mapleprecision.com/2018/09/20/what-affects-the-accuracy-of-my-gnss-receiver/
http://geoconnect.com.au/gps-signals-l1-l2-l5/
https://www.novatel.com/an-introduction-to-gnss/chapter-3-satellite-systems/gps/
https://www.gps.gov/systems/gps/modernization/civilsignals/
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• Many civilian applications use one or more of GPS's three basic components: absolute location, relative 
movement, and time transfer.

• Agriculture: GPS has made a great evolution in different aspects of modern agricultural sectors. 

• Astronomy: both positional and clock synchronization data is used in astrometry and celestial mechanics. GPS is 
also used in both amateur astronomy with small telescopes as well as by professional observatories for 
finding extrasolar planets.

• Automated vehicle: applying location and routes for cars and trucks to function without a human driver.

• Cartography: both civilian and military cartographers use GPS extensively.

• Cellular telephony: clock synchronization enables time transfer, which is critical for synchronizing its spreading 
codes with other base stations to facilitate inter-cell handoff and support hybrid GPS/cellular position detection 
for mobile emergency calls and other applications..

• Clock synchronization: the accuracy of GPS time signals (±10 ns)[87] is second only to the atomic clocks they are 
based on, and is used in applications such as GPS disciplined oscillators.

• Disaster relief/emergency services: many emergency services depend upon GPS for location and timing 
capabilities.

• GPS-equipped radiosondes and dropsondes: measure and calculate the atmospheric pressure, wind speed and 
direction up to 27 km from the Earth's surface.

• Radio occultation for weather and atmospheric science applications.[88]

• Fleet tracking: used to identify, locate and maintain contact reports with one or more fleet vehicles in real-time.

https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Clock_synchronization
https://en.wikipedia.org/wiki/Astrometry
https://en.wikipedia.org/wiki/Celestial_mechanics
https://en.wikipedia.org/wiki/Amateur_astronomy
https://en.wikipedia.org/wiki/GoTo_(telescopes)
https://en.wikipedia.org/wiki/Extrasolar_planet
https://en.wikipedia.org/wiki/Automated_vehicle
https://en.wikipedia.org/wiki/Cartography
https://en.wikipedia.org/wiki/Cellular_telephony
https://en.wikipedia.org/wiki/E911#Wireless_enhanced_911
https://en.wikipedia.org/wiki/Clock_synchronization
https://en.wikipedia.org/wiki/Global_Positioning_System#cite_note-87
https://en.wikipedia.org/wiki/GPS_disciplined_oscillator
https://en.wikipedia.org/wiki/Disaster_relief
https://en.wikipedia.org/wiki/Emergency_service
https://en.wikipedia.org/wiki/Radiosonde
https://en.wikipedia.org/wiki/Dropsonde
https://en.wikipedia.org/wiki/Radio_occultation
https://en.wikipedia.org/wiki/Global_Positioning_System#cite_note-88
https://en.wikipedia.org/wiki/Fleet_tracking
https://en.wikipedia.org/wiki/Fleet_vehicle
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• Geofencing: vehicle tracking systems, person tracking systems, and pet tracking systems use GPS to locate devices that are attached to 
or carried by a person, vehicle, or pet. 

• Geotagging: applies location coordinates to digital objects such as photographs (in Exif data) and other documents for purposes such as 
creating map overlays with devices like Nikon GP-1

• GPS aircraft tracking

• GPS for mining: the use of RTK GPS has significantly improved several mining operations such as drilling, shoveling, vehicle tracking, and 
surveying. 

• GPS data mining: It is possible to aggregate GPS data from multiple users to understand movement patterns, common trajectories and 
interesting locations.[90]

• GPS tours: location determines what content to display; for instance, information about an approaching point of interest.

• Navigation: navigators value digitally precise velocity and orientation measurements.

• Recreation: for example, Geocaching, Geodashing, GPS drawing, waymarking, and other kinds of location based mobile games.

• Robotics: self-navigating, autonomous robots using a GPS sensors, which calculate latitude, longitude, time, speed, and heading.

• Sport: used in football and rugby for the control and analysis of the training load.[91]

• Surveying: surveyors use absolute locations to make maps and determine property boundaries.

• Tectonics: GPS enables direct fault motion measurement of earthquakes. Between earthquakes GPS can be used to 
measure crustal motion and deformation[92] to estimate seismic strain buildup for creating seismic hazard maps.

• Telematics: GPS technology integrated with computers and mobile communications technology in automotive navigation systems

https://en.wikipedia.org/wiki/Geofence
https://en.wikipedia.org/wiki/Vehicle_tracking_system
https://en.wikipedia.org/wiki/Handheld_tracker
https://en.wikipedia.org/wiki/Tracking_collar
https://en.wikipedia.org/wiki/Geotagging
https://en.wikipedia.org/wiki/Exif
https://en.wikipedia.org/wiki/Nikon_GP-1
https://en.wikipedia.org/wiki/GPS_aircraft_tracking
https://en.wikipedia.org/w/index.php?title=GPS_for_mining&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=GPS_data_mining&action=edit&redlink=1
https://en.wikipedia.org/wiki/Global_Positioning_System#cite_note-90
https://en.wikipedia.org/wiki/GPS_tour
https://en.wikipedia.org/wiki/Navigation
https://en.wikipedia.org/wiki/Recreation
https://en.wikipedia.org/wiki/Geocaching
https://en.wikipedia.org/wiki/Geodashing
https://en.wikipedia.org/wiki/GPS_drawing
https://en.wikipedia.org/wiki/Waymarking
https://en.wikipedia.org/wiki/Location-based_game
https://en.wikipedia.org/wiki/Robotics
https://en.wikipedia.org/wiki/Sport
https://en.wikipedia.org/wiki/Global_Positioning_System#cite_note-LiveViewGPS_2012-09-06-91
https://en.wikipedia.org/wiki/Surveying
https://en.wikipedia.org/wiki/Tectonics
https://en.wikipedia.org/wiki/Earthquakes
https://en.wikipedia.org/wiki/Crust_(geology)
https://en.wikipedia.org/wiki/Global_Positioning_System#cite_note-92
https://en.wikipedia.org/wiki/Seismic_hazard
https://en.wikipedia.org/wiki/Telematics
https://en.wikipedia.org/wiki/Automotive_navigation_system

