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India’s IRNSS Japan’s QZSS

China’s BeiDou, 

Russian GLONASS

http://www.agi.com/news/blog/june-2017/don%E2%80%99t-have-consternation-about-your-gnss-constella



http://www.gpsworld.com/wp-content/uploads/2013/05/Fig1_chart_01.jpg
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d = v * t

Where d = distance, v = speed of light 
(mph or m), and t = signal transit time



Distance = (Speed of light) * (GPS
receiverTime

 – GPS
svTime

)

d = v * t



Because of the importance to time, it is 
essential that the SV’s and receivers 
carry very accurate clocks that are 

synchronized
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ERROR



What happens when we 
try to make a flat map 
from a round surface?

https://www.e-education.psu.edu/geog862/node/1808

https://www.e-education.psu.edu/geog862/node/1808


From:  Dent, 1999, Cartography: Thematic Map Design (pg 38)

different sources 
of Distortion

Making the World Flat 
Leads to

https://www.e-education.psu.edu/geog862/node/1808

https://www.e-education.psu.edu/geog862/node/1808




Gall-Peters Projection
(Equal Area—area is preserved)

https://en.wikipedia.org/wiki/Gall%E2%80%93Peters_projection#/media/File:Tissot_indicatrix_world_map_Gall-Peters_equal-area_proj.svg

Types of Distortion



Lambert Conformal Conic Projection
(Equidistant—distance is preserved)

http://map-projections.net/img/tissot-30/lambert-conformal-conic.jpg

Types of Distortion



• World Equidistant Cylindrical
• World Lambert-Conformal Conic
• Mercator
• Miller Cylindrical

• Robinson
• Sinusoidal
• Van der Grinten

shows the entire world at once. It was specifically created 
in an attempt to find a good compromise to the problem 
of readily showing the whole globe as a flat image.
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Scale classification

Small scale = 1:24000 or smaller
Medium scale = 1:10000 to 1:24000
Large scale = 1:1000 to 1:10000
Very large scale = 1:1000 and larger

Small scale: objects on map are small
Large scale: objects on map are large



• Scale is the ratio of a distance on the map with a distance on the ground

• Three types of scale

1) Ratio or Representative Fraction (RF)
2) Verbal (aka equivalent scale)
3) Bar (graphic)

Scale





USGS Topographic Maps

1:24,000 scale 1:63,360 scale 1:100,000 scale

1 inch = 2000 ft 1 inch = 1 inch ≈



USGS Topographic Maps

1:24,000 scale 1:63,360 scale 1:100,000 scale

1 inch = 2000 ft 1 inch = 5280 ft 1 inch ≈ 8333 ft
  (1.6 miles)
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Geographic Grid

• Meridians
• Lines of longitude.
• Prime Meridian = 0°
• Ranges –180° to + 180°
• 0° to + 180°, east
• -180° to 0°, west



Geographic Grid

• Parallels
• Lines of latitude.
• Equator = 0°
• Ranges –90° to + 90°
• 0° to +90°, north
• -90° to 0°, south



Projected Coordinate Systems

4 Common Systems
1. Universal Transverse Mercator (UTM)
2. Universal Polar Stereographic (UPS)
3. State Plane Coordinate System (SPC)
4. Public Land Survey System (PLSS)



UTM Coordinate System
• UTM
• 84° N to 80° S.
• 60 zones, 6° each; which are we in?
• Uses Transverse Mercator projection.
• Scale factor = 0.9996
• Y-shift = 0, measured from equator in northern 
hemisphere; x-shift = 500,000 m from central 
meridian.

• In southern hemisphere, y-shift = 10,000,000 
m at equator and x-shift of 500,000 m from 
central meridian.



UTM Zones



Jensen and Jensen, 2013



Jensen and Jensen, 2013



Due to an incorrect or 
misinterpreted coordinate 
reference system (the drill-rig 
was positioned as if the 
coordinates were in the 
Universal Transverse Mercator 
coordinate system when, in 
actuality, they were in 
transverse Mercator 
projection), a 200 foot lake 
was accidentally created.

When Coordinates go Wrong

Lake Peigneur and 
the Salt Dome



Universal Polar Stereographic (UPS)



Northern Hemisphere Southern Hemisphere

Universal Polar Stereographic (UPS)



http://mgrs-data.org/



http://earth-info.nga.mil/GandG/coordsys/grids/universal_grid_system.html#zz10

Military Grid 
Reference System 

(MGRS)



•15SWC is at the 100,000-meter refinement
•15SWC8151 is at 1000-meter refinement.
•15SWC808512 is at 100-meter refinement.
•15SWC80825121 is at 10-meter refinement.
•15SWC8081751205 is at 1-meter refinement.

http://earth-info.nga.mil/GandG/coordsys/grids/universal_grid_system.html#zz10

Military Grid 
Reference System 

(MGRS)



State Plane Coordinate Systems



Grid North

State Plane Coordinate System (SPCS)

Universal Transverse Mercator (UTM)

http://www.dmap.co.uk/utmworld.htm
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• Understanding GNSS and GPS:
• https://www.gps.gov/students/
• http://www.gpsprimer.net/

• Understanding Distortion and Map Projections:
• https://www.e-education.psu.edu/geog862/node/1808
• https://www.esri.com/arcgis-blog/products/arcgis-pro/education/earth-peel/

• Understanding UTM Map Coordinates:
• https://www.maptools.com/tutorials/utm/quick_guide

https://www.gps.gov/students/
http://www.gpsprimer.net/
https://www.e-education.psu.edu/geog862/node/1808
https://www.esri.com/arcgis-blog/products/arcgis-pro/education/earth-peel/
https://www.maptools.com/tutorials/utm/quick_guide

