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d=v*t

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




d=v*t

Distance = (Speed of light) * (GPS - GPS

receiverTime svTime)




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




Orbital perturbations
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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
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ttps://www.e-education.psu.edu/geog862/node/1808

From: Dent, 1999, Cartogra



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

Gird View

Tangent
Case

Azimuthal

» Parallels are concentric circles

* Meridians extend from the center outward

» Scaleis correct at center but becomes
distorted the further away from the center

Cylindrical

e ITITTTE

=

* Generally used for portraying the whole world

* Areas of least distortion are areas parallel to
the line of tangency

* Meridians and parallels cross at right angles

Conic

Meridians converge at a point, which may or
may not be a pole

Meridians are straight lines

Parallels are curves; ‘arcs of a circle’

From: Dent, Cartography (pg 42)




Types of Distortion

Gall-Peters Projection
(Equal Area—area is preserved)
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https://en.wikipedia.org/wiki/Gall%E2%80%93Peters_projection#/media/File:Tissot_indicatrix_world_map_Gall-Peters_equal-area_proj.svg



. . Lambert Conformal Conic Projection
Types of Distortion (Equidistant—distance is preserved)

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



shows the entire world at once. It was specifically created
World Equidistant Cylindrical in an attempt to find a good compromise to the problem

World Lambert-Conformal Conic of readily showing the whole globe as a flat image.

Mercator
Miller Cylindrical

e Robinson

e Sinusoidal
e Van der Grinten




Cartographic Fundamentals

Large cale Small

Small <€— Mapped Area Large
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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 smalli
Large scale: objects on map are large



Scale

* 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)
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USGS Topographic Maps
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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)



Scale

USGS Topographic Maps
Standard Quadrangle
1inch 1 centimeter quadrangle size area
Scale Series represents represents (latitude-longitude) (square miles)
Puerto Rico

1:20,000 7.5 minute 1,667 feet 200 meters 7.5 X 7.5 min. 71
(about)

1:24,000 7.5 minute 2,000 feet 240 meters 7.5 X 7.5 min. 49t0 70

1:25,000 7.5 X 15 minute 2,083 feet 250 meters 7.5 X 15 min. 98to 140
(about)

1:50,000 Intermediate .8 mile 500 meters NA county
(about)

1:62,500 15 minute 1 mile 625 meters 15 X 15 min. 197 to 282
(about)

Alaska
1:63,360 1:63,360 1 mile 634 meters 15 x 20 to 36 min. 207 to 281
(about)

1:100,000 Intermediate 1.6 miles 1 kilometer 30 x 60 min. 1,568 to 2,240
(about)

1:100,000 Intermediate 1.6 miles 1 kilometer NA county
(about)

1:125,000 30 minute 2 miles 1.25 kilometers 30 x 30 min. 788 to 1,128
(about)

1:250,000 United States 4 miles 2.5 kilometers 1'% 2°0r3° 4,580 to 8,669
(about)

1:250,000 Antarctica 4 miles 2.5 kilometers 19:%x 310 156° 4,089 to 8,336
(about)

1:500,000 Antarctica 8 miles 5 kilometers 205 T8 28,174 to 30462
(about)

1:500,000 State maps 8 miles 5 kilometers NA NA
(about)

1:1,000,000 United States 16 miles 10 kilometers 4° x 6° 73,734 to 102,759
(about)



Scale

USGS Topographic Maps
Standard Quadrangle
1inch 1 centimeter quadrangle size area
Scale Series represents represents (latitude-longitude) (square miles)
Puerto Rico

1:20,000 7.5 minute 1,667 feet 200 meters 7.5 %X 7.5 min. 71
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(about)
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(about)
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prime meridian meridians
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GeOs lral )h |C Gnd prime meridian meridians

* Meridians
e Lines of longitude.
* Prime Meridian = 0°
« Ranges —180° to + 180°
*0° to + 180°, east
«-180° to 0°, west

Jerry Malone



GeOs lral )h |C Gnd prime meridian meridians

« Parallels
e Lines of latitude.
e Equator = 0°
* Ranges —90° to + 90°
* 0° to +90°, north
* -90° to 0°, south

Jerry Malone



Projected Coordinate Systems

4 Common Systems

Universal Transverse Mercator (UTM)
Universal Polar Stereographic (UPS)
State Plane Coordinate System (SPC)
Public Land Survey System (PLSS)

s =




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.
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Lake Peigneur and
the Salt Dome

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
New |beria, Louisiana
29° 58' 50.887 N;91° 58' 59.887 W




Universal Polar Stereographic (UPS)
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Universal Polar Stereographic (UPS)
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http://earth-info.nga.mil/GandG/coordsys/grids/universal_grid_system.html#zz10

Military Grid
Reference System
(MGRS)

\ AR/ /
SRl T [Ux | xx | vx [ zx | AX | BX | ex | FX | 6X [
RW}SQVTWUWXWYWZWAWBWCWFWGWHWJW
?\/RVSVTVUVXVWZVAVBVCVFVGVHVJVKVL
UQU&LDSUTUUUXUYUZUAUBUCUFUGUHUJUKULU

TPTQTRI’ST'ITUTXTYTZTATBTC’TFTGTHTJTKTLTv(
WS'PS os\§s ss|Ts|us|xs|vs|zs|As|Bs|cs|Fs|Gs|Hs|Js |ks|Ls PSM
yRL&RQRRRSRTRURXRYRZRARBRCRFRGRHRJRKRLRPRQA(

La |Pa|aa|Ra|sa|Ta|ua|xa |va|za |Aa|Ba|ca|Fa|Ga|Ha|Ja [Ka|La|Pa oo\,
L,KP LP | PP |aP | RP [SP | TP | UP | XP [ YP | zP | AP [BP [CP | FP | GP [HP | 0P | KP | LP (PP |aPd,

KN | LN PN| QN RN s | T | N[ ox [y | zn | AN[ BN [ e EN| 6N HNC ON [N LN PN | ond
KM LM | PM QM [RM [sM | TV [um | xm | ym [zm [AM|BM | cM [FM | GM | HM [ Jv [KM | LM | PM | QMR
e || pefon [ Re| st T fun x| ve |z [AL|BL oL [ el |H | u ke || P QLT'_
KK| LK [ PK [ QK | RK | sK [ TK UK | XK [ YK | 2K | AK [BK [cK | FK [ 6K [HK | K | KK | Lk | PK |aK
KJLJPJQJRJSJTJwXJvJZJAJBJCJFJGJmJJKJLJPJQ'y\
LH PHQHRHSHTH@J):LYH ZH |AH [BH | CH | FH | GH | HH [ JH [KH | LH | PH
/{GPG a6 | ra [ s [ 16 [us] e | ve]ze [ac |86 [ ce | Fe [ ec [ He [ e [ ke [ La s
PF | oF | RF | sF | TF | UF| XF | YF | zF }4F | BF | CF | FF | GF | HF | JF [KF [LF
QE | RE | SE TE(UEXEYE ze | AE [BE [ ce | Fe | cE [HE | B [KE
RD/SB/? up [ XD | YD | ZD [ AD BD?Q‘\FD d|Hp o [f
SCltc |uc | xc [ve |z BC [cc Gc [HC
7%’2“3 v8 |ze | aB |BB | CB |F ’\




UH

UG

MH| NH

UF

| UE

e

e T

-

.

Military Grid
Reference System
MGRS)

Mal NG

MF| i |

N

o
!
[

{

PF

uc

(TB

uB

ME NE

ITA

UA

MDD ND

She—PC|

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



State Plane Coordinate Systems
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Grid North

State Plane Coordinate System (SPCS)

Universal Transverse Mercator (UTM)
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http://www.dmap.co.uk/utmworld.htm



* Understanding GNSS and GPS:
* https://www.gps.gov/students/

e http://www.gpsprimer.net/

* Understanding Distortion and Map Projections:
* https://www.e-education.psu.edu/geog862/node/1808

e https://www.esri.com/arcgis-blog/products/arcgis-pro/education/earth-peel/

* Understanding UTM Map Coordinates:

e https://www.maptools.com/tutorials/utm/quick guide
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