Speaking the Language of
Coordinate Systemes:
From Field to Feature Class
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GISers as the nexus between other
departments and coordinate systems
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GISers as the nexus between other
departments and coordinate systems

w What datum and
oordinate system

But | need to know
hat informat...

Whoa...getting too
technical for me. Just
answer my question!




Defining Spatial Reference Systems

http://www.crystalinks.com/eratosthenes.html

http://www.juliantrubin.com/bigten/eratosthenes.html



Defining Spatial Reference Systems




Defining Spatial Reference Systems
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*c < a: oblate spheroid
*c > g: prolate spheroid

https://en.wikipedia.org/wiki/Ellipsoid
https://en.wikipedia.org/wiki/Spheroid#/media/File:OblateSpheroid.PNG
https://en.wikipedia.org/wiki/Spheroid#/media/File:ProlateSpheroid.png
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Defining Spatial Reference Systems

Earth

Ellipsoid

NADZ27

Bad fit Biased Fit Best fit

https://plus.google.com/wm/1/105201603605933379147/posts/FomFYLhcsRy?pid=6132717223925455330&0id=105201603605933379147



Defining Spatial Reference Systems

6 realizations
WGS84(1987) ITRF30
G730(1994)
G873(1997)
G1150(2001)
G1672(2005)

G1674(2005) ITRFOS




Defining Spatial Reference Systems

So what is a datum?

The point at which we
attach the ellipsoid to
the Earth.




Defining Spatial Reference Systems

From Datums to Coordinate Systems

Data Source

Projected Coordinate System:
Projection:

False_Easting:
False_Morthing:
Central_Meridian:
Scale_Factor:

Latitude_Of _Crigin:

Linear Unit:

Geographic Coordinate System:
Datum:

Prime Meridian:

Angular Unit:

MAD_1933_UTM_Fone_17M
Transverse_Mercator
500000,00000000
0,00000000

-51.00000000

0.99960000

0,00000000

Meter

GCS_Morth_American_1983
D_Morth_American_1983
Greenwich

Degree

m

m

Data Source

Projected Coordinate System:
Projection:

False_Easting:
False_Morthing:
Central_Meridian:
Standard_Parallel_1:
Standard_Parallel_2:
Latitude_Of Origin:

Linear Unit:

Geographic Coordinate System:

Datum:
Prime Meridian:
Angular Unit:

MAD_1983_StatePlane_Pennsylvania_Morth_FIPS_370
Lambert_Confarmal_Conic
1968500.00000000
0.00000000

-F7.75000000
40.88333333

41.95000000

40, 16666667

Foot_US
GCS_Morth_American_1983
D_Morth_American_1983
Greenwich
Degree

m

m




Defining Spatial Reference Systems

From Datums to Coordinate Systems




Defining Spatial Reference Systems

From Datums to Coordinate Systems

Data Source

Projected Coordinate System:
Projection:

False_Easting:
False_Morthing:
Central_Meridian:
Scale_Factor:
Latitude_Of_Crigin:

Linear Unit:

Geographic Coordinate System:
Datum:

Prime Meridian:

Angular Unit:

MAD_1983_UTM_Fone_17M
Transverse_Mercator
500000,00000000
0.00000000

-51.00000000

0.99950000

0,00000000

Meter

GCS_Morth_American_1933
D_Morth_American_1983
Greenwich

Degree

m

m

Data Source

Projected Coordinate System:
Projection:

False_Easting:
False_Morthing:
Central_Meridian:
Standard_Parallel_1:
Standard_Parallel_2:
Latitude_Of_OCrigin:

Linear Unit:

Geographic Coordinate System:

Datum:
Prime Meridian:
Angular Unit:

MAD_1983_StatePlane_Pennsylvania_Morth_FIPS_370:
Lambert_Conformal_Conic
1968500,00000000
0.00000000

=77, 75000000
40,88333333

41.95000000

40, 16666667

Foot_US
GCS5_Morth_American_1983
D_Morth_American_1983
Greenwich
Degree

-

m

two standard parallels




Projection Surfaces




Projection Surfaces




Distortion

Projection




Elements in Map Projection (1921)

s

Upper left: Globular. Upper right: Orthographic. Lower left: Stereographic.
Lower right: Mercator

What four commonly used projections do, as shown on a human head



Defining Spatial Reference Systems
Back To NAD83

2007

NAD83(2011)

NAD83(NSRS2007)

2002

NAD83(CORS96)

1992

AD83(HARN/HPGN) [ SEiaa iy

PACIFIC
PLATE

1986

NAD83(Conus)
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Global vs Local Coordinate Systems

b

Philippine
“plate .
! Pacific

Antarctic Plats




Datum Types

LN AVED 2007



Dynamic

NZGD2000

Datum Types
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Defining Spatial Reference Systems
Back To NAD83

2007

NAD83(2011)

NAD83(NSRS2007)
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Using Spatial Reference Systems

NAD83
**ALWAYS ASK WHICH NAD83 VERSION YOU’RE RECEIVING**

Difference between NAD 83 and WGS 84 (G1150) at 2002.0

QY Horlzontal difference (feet)

0 250 500 =/ 7,
EM"QS Graphio: Micheei L. Dennis, F.E; GFS. Geodasy, and the Femis of Modam Fositoning



Using Spatial Reference Systems
CORS Stations



Images/cors_sites.kmz

Using Spatial Reference Systems
NYSNET

**SET UNITS TO COLLECT IN NAD83 (2011)** IT’S FREE

-

RTN: Real Time Network N¥SNeEt(NYS Spatial Reference Network)

CORS/Real Time GPS Network

T [

W NYSNet CORS/RTN (@r

x

C ) | & Twitter, Inc. [US] | https:/twitter.com/

ettang=er *ON® =00 :

it Apps || Programming || NFG Data Manager || MobileDataCollectio ARCHIVE [} How To: Select the e [1 Zip Code API Docum: &= BuffalolS (Buffalo, NY [} Understanding delet- 3 Free AdWords Script: ¢ Reading & Writing C- ) OpenSheetswithPyth »

Qtome  § Momerts 4 Nofffcations ) Messages v atch T a 0

Transportation

=1

NYSNet CORS/RTN

] o R

Tweets Tweets & replies Media Who to follow - Refresh - View all

NWS Bismarck & @NWS

NYSNet CORS/RTN (ir
NYST, Saratoga tracking sateliles again, since 1545 EST 11/8/16.
Providing RINEX and RT data.

®

NYS Spatial Reference Network
(NYSNet) Continuously Operating GPS
Reference Stations (CORS) Real Time
Network (RTN)

2+ Follow

Dr. Tamitha Skov & Tamitha

2 Follow
NYSNet CORS/RTN @nysnet - N ,
NYST, Saratoga stopped lrackmg satellites since 1015 EST 11/8/16. :“ NWS Boulder AL
Not logging RINEX or providing data to RTN. Working to resolve. E

Q Albany, NY
& cors.dotnygov
[] Joined October 2015

Tweet to NYSNet CORS/IRTN

3 6 Photos and videos

£+ Follow

Find friends

a function of our software. Should last under 10 minutes.
#ThursdayThoughts

Bill Ackman
NYSNet CORS/RTN @nysnet - C
Brief RTN outages posslble again th\s morning as we troubleshoot
software

#UFC205 %

NYSNet CORS/RTN @nysnet - Oct 1 Warren Buffett
Brief RTN outage at noon today as we need to reboot a couple of our weel
servers. Should last under 10 minutes Dream Kardashian

NYSNet CORSIRTN (nysnet
Another brief RTN outage (oday at 1130AM EDT as we continue testing Trends - change

NYSNet CORS/RTN (nysret - Oct 1 #CES2017
RTN operating normal this morning. Any further interruptions, if

New Balance


https://twitter.com/nysnet?lang=en
Documents/FAQ.htm
http://cors.dot.ny.gov/spiderweb/frmIndex.aspx

Using Spatial Reference Systems
Geoids

Geoid96
Geoid99
Geoid93
Geoid96
Geoid99
Geoid03
Geoid06
Geoid09
Geoid12
Geoid12a
Geoid12b

Geoids for Trimble

Geoid Difference
GEOID12B - GEOID12A
(centimeters)

. High : 3.7
. Median : -8
. Low:-26.8

&
b J

® &6

GPS on BM used in
GEOQID12A and GEOID12B

Updated heights for GEOID12B
(DI1788 and DI1789)

BM removed from GEOID12B. no adjusted heights
based on leveling (DH3639 and DH3640)

BM that refer to local tide gauges. not PRVDO02,
Removed from GEOID12B
(DI1783, DI1784, DI1785, DI1786 and DI1767}



http://www.trimble.com/globalTRLTAB.asp?Nav=Collection-71

Using Spatial Reference Systems
What is your Accuracy?

& Trimble

Miles to Base Station |Unit |Network RTK Accuracy | in Feet| inInches
10] GEO 7x Horizontal (external GNSS) 0.06 0.71

GEO 7x Vertical (external GNSS) 0.08 0.91

GEO 7x Horizontal (internal GNSS) 0.11 1.30

GEO 7x Vertical (internal GNSS) 0.16 1.89

Trimble R1 Vertical (internal GNSS) 0.27 3.27


Documents/022516-127D_R1 GNSS receiver_DS_A4_0316_LR.pdf
Documents/022516-098A_Geo 7Xw Access_DS_US_0415_LR.pdf
Documents/GPS_Accuracy.xlsx

Using Spatial Reference Systems

-

<, Project =] B ]

A Word on Transformations

NAD_1983_HARN T

-

Input Dataset or Feature Class B

| New_Shapefile(2) | @

Input Coordinate System (optional)
GCS_WGS_1984

Output Dataset or Feature Class
C:Wsers\BilM\Documents VarcGIS\Default.gdb\Wew_Shapefile?_Project?
Cutput Coordinate System
MAD_1983_2011_StatePlane_Pennsylvania_Morth_FIPS_3701_Ft_LUS

m

Wertical (optional)

Geographic Transformation (optional)
| |-
.

WGS_1984 _(ITRFO0) To_NAD_1983_2011

PR + NAD_1983_HARN_To
AD_1983_HARN_To_NAD_1983_2011
4 2 + NAD_1983_HARN_To_MAD_1933_20
G5_1984_3 + NAD_1983_HARN_To_MAD_1983_20

MAD™1983_HARN To_ WGS_

MAD_1983_HARN To_W

NAD_1983 To WGS_1984 5


Documents/geographic_transformations_105.pdf

Using Spatial Reference Systems

TerraSync
Version 5.41 - Centimeter edition

Registered by: sboddecker @ fsherassoc com

£ 2000-2012, Trimble Navigation Limited. Al
rights reserved

TerraSync \
Version 5.60 - Centimeter edition

oo | by: sboddecker(@fisherassoc.com 5

|

> 2000-2013, Trimble Navigation Limited. All

Terra Sync and Survey

b-offl b= o

NAD 1963 (2011)

Type:
Connection Method:

[l—nternet > l =

=t Internet

7R 27% W _»

eeeeC Verizon T 11:08 AM

° 7_Hinsdale Valve Survey (existing)

\Via

Medium:

‘_Gas \/]

Capture an Image of the Equipment: *
e, o

Utility Use *

O Yes O No

Located In Building? *

() Yes (DINo

Located near pressurized vessel? *

O Yes O No

Located near electrical equipment? *

O




Using Spatial Reference Systems
Why Web Mercator?

Because Google...

[ spatialreference X ¥

——y
® Alookatthe ' X Y G azimuthal proj:

x ([ 373-23p0f

x [ 373-21pdf

& C ) | & Secure

i Apps

https://www.google.com/m

Programming NFG Data Manager

Buffalo, NY

=
“Photos

Quick f

Buffalo is a city on the shores of Lake Erie in upstate New
York. Its fine neoclassical, beaux arts and art deco
architecture speaks to its history as an industrial capital in the
early 20th century. Its landmarks include the 398-ft art deco
City Hall, the Frank Lloyd Wright-designed Darwin D. Martin
House and the Albright-Knox Art Gallery, a Greek Revival
museum with works by Picasso and Warhol

Population: 258,959 (2013)

MobileDataCollectio

ARCHIVE

CoordinateSystems [3 Zip Code Al

X v G _large scale ma:

Data Frame Properties

>EpsGh x ¥ [ Coordi xvm Buffalo - Goog

rojected coor X Ad €
-

el (o I ) :

Feature Cache | Annotation Groups I Extent Indicators I Frame | Size and Position

[) OpenSheetswithPyth »

Data Frame

T S

llumination | Grids

- | Type here to search

MICE N A"

| B B Favorites

® o
.qr)
kv}mllk
¢ Pola
:vman..y \

Westéin~
Sahata

== |
Mauritania |

[ = =EEEEE o EEE, By 'Gabglﬁ 7
Area code: 716 A S 1
4 \ 2
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—
Hote 5
‘ =
3-star averaging $133 V s Ised ! ibia
i
! ¥
e i Google < § SEE 2
i South South
! Pacific Terms  Send feedback 1000 Ml
R 2D _affine_transfor...png LI epsg_EPSG homehtml =] esrijpg A R 10GP.png B 373-23.pdf A & 373-21pdf A Showall | X



Using Spatial Reference Systems:
Hacking the Zoom Levels in Collector

f [&f CUsers\BillM\Documents\2_ProfDe dinate Systems ionDocumentsic - Notepad++ =
Tile Package fle it Seach View Encoding Longuage Setings Tools Macro Run Plugins Window -
S TS LY IR IS e PR L 1P

5 NAD_1983_StatePlane_Permsylvaria_Notth_FIPS_3701_Feet prj 3| E NAD_1983_UTM Zone_17Npr & E]nnnfmlm‘ e
1 <7mml version="1.0" encoding="utf-8" ?><Cachelnfo xsi:type='typens:CacheInfo' xmlns:
http: //www.esri.con/sch ArcGIS/10.1'><TileC Info x vpe="typens:TileCacheInfo'><SpatialReference xsi:type='typens:ProjectedCoordinateSysten’ ><WKT>PROJCS [&quot;
WGS_1984_VWeb Mercator Auxiliary Spheresquot;,GEOGCS [quot;GCS_WGS_1984aquot; DATUM[&quot;D_WGS_1984squot; , SPEEROID [&quot;WGS_1984&quot;,6378137.0,298.257223563] ] , PRIMEM & quot ; Greenwi chaquot ;
,0.0] ,UNIT [&quot;Degreesquot; ,0.0174532925199433] ] , PROJECTION [squot;Mercator Auxiliary Spheresquot:],PARAMETER[&quot;False Eastingsquot;,0.0],PARAMETER[squot;False Northingsquot;,0.0],PARAMETER[
&quot;Central Meridiansquot;,0.0], PARAMETER[&quot; Standard Parallel 1sguot:,0.0],PARAMETER[squot;Auxiliary Sphere Typesquot;,0.0] ,UNIT[&quot:Metersquots,1.0] ,AUTEORITY [squot;EPSGsquot; ,3857]]
'I_Ile Pa&ac </WKT><X0rigin>-20037700</X0rigin><¥0rigin>-30241100</YOrigin><X¥5cale>148923141.92838538</X¥5cale><Z0rigin>-100000</Z0rigin><Z5cale>10000</Z5cale><MOrigin>-100000</MOrigin><MScale>10000
- </M5cale><X¥Tolerance>0.001</XYTolerance><ZTolerance>0.001</ZTolerance><MTolerance>0.001</MIolerance><HighPrecision>true</HighPrecision><WKID>102100</WKID><LatestWKID>3857
</LatestWKID></SpatialReference><TileCrigin xsi: 'typens:PointN'><X>-20037508.342787001</X><¥>20037508.342787001</Y></Ti1e0rigin><TileCols>256</TileCols><TileRows>256</Til1eRows><DPI>96
Tile F d </DEI><PreciseDPI>96</FreciseDFI><LODInfo. /pe="typens:Array0fLODInfo  ><LCDInfo xsi:type='typens:LODInfo' ><LevellD>0</LevellD><Scale>591657527.591555</ Scale><Resolution>156543.03392799599
e Forma </Resolution></LODInEo><LO Resolution>76271.5169 </Resolution></LO] LOD: ' typens: LODInfo"

Resolution»</LODInEos<LODINfo %2i+ty 9</TavellDs<5cales1155581 . 108577</ 5cales<Rasolations305. T4811314055802</Resolution:
LevellD>10</LevellDl><5cale>577790.55428899999<,/5caler<Resolution>152. 874056570411 </Resolution><,/LODInfo»<LODInfo xsi:type='typens:LODInfo'><levelll:
Scaler»<Resolution>T76.437028285073197</Resolution»</LODInfo><LODInfo x=i:type='typens:LODInfo'><LevellD»12</Levelll»<S5cale>144447,638572</5cale><Resc
Resolution>»<,/LODInfo><l0DInfo =x=i:tyvpe="typens: LODInfo'>»<levelll>13<,/LevelIl><Scale>T2223 819285999998<,/Scale><Resolution»19.109257071268299<,/Re=soll
LODInfo x=i:type='typens:LODInfo'»<Levelllzxld</LevellIls><Scale>36111.909642999999</5caler<Resolucion>9.5546285356341496«</Resolution»</LODInfo>
LODInfo x=i:type='typens:LODInfo'»<LevellD»15</LevellD><Scale>18055.954822</5cale><Resolution>4. 77731426794936959</Resplution»</LODInfox

LODInfo xs=i "typens:LODInfo'><LevellD>16</Levelll><Scale>9027.9774109999998</5cale><Resolution>2,.3886571339T468</Resolution></L0DInfo>

i='http://www.w3.orq/2001/MMLSchema-instance' xmlns:xs='http://www.w3.0rq/2001/XMLSchema’ xmlns:typens='

LODInfo 'typens:LODInfo'><LevellD>17</LevelID>»<Scale>4513, 9887049999998« /5cale»<Resolution>»1.1943285668550501«</Resolution></LODInfo>
LODInfo 'typens: LODInfo'»<LevellD>»18<,/LevelID><Scale>2256.994353</5cale><Resolution>0.59716428355981699</Resolution></LODInfo>

LODInfo 'typens:LODInfo'><LevellD>19</LevellD><5cale>1128,4971760000001</5calex<Resolution>0.29858214164761698</Resolution></LODInfo>
LODInfo 'typens:LODInfo ' »><LevellD>20</LevelID><Scale>564.24858800000005</5cale><Resolution>0.14929107082380849</Resolution></LODInfo>
LODInfo 'typens: LODInfo'»<LevellD»21<,/LevellD>»<Scale>282.124294000000025<,/Scale><Resolution>0.074645535411904245< /Resolution></LODInfo>
LODInfo 'typens:LODInfo' ><LevellD»22</LevellD>»<5cale>141.0621470000000125</5cale><Resolution>0.0373227677059521225</Resolution><,/LODInfo>
LODInfo 'typens: LODInfo ' »<LevellD»23</LevelID><Scale>T70.5310735</5cale><Resolution>0.0186613838529761</Resolution»</LODInfo>

LODInfo "typens:LODInfo'><LevellD>24</LevellDl><S5cale>35.26553675</5cale><Resclution>0.009330691926488</Resolution></LODInfo>

LODInfo 'tvpens: LODInfo " ><LevellD»>25</LevelID><Scale>17.632768375</5cale><Resolution>0.004665345963244</Resolution></LODInfo>
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Using Spatial Reference Systems
Coordinate System Transformations

No change Translate Scale about origin
100 10X wWoo
010 01Y 0HDO
0,1) T (0.H)

o0 Ja,9 XY W0

Rotate about origin~~ Shearin xdirection ~ Shear in y direction

cos® sine 0 1 tang 0 1 00
{—sine cos B D} {0 1 0] [tanq} 1 0}
(sngcose) o (oD 0 ‘
oy AN ¢Et 1,0) (1, en )
4 .

(cos 6, —sin B)
Reflect about origin~ Reflect about x-axis  Reflect about y-axis
-100 100 -10 0
0-10 0-10 010

0.1

(=1,0) (1,0)

(0,-1) ©0,-1)




Strange Coordinate Systemes:

Construction Coordinates
NHOU-0" | i =]
Loy i P ad
Construction Grid Coordinates '." : l
’ |
b |
N 1664571.88 US Survey Feet :
E 556708.76 US Survey Feet ) '
L >L - l
N 1496’ — U’M
E 1+96’ - 0” ‘ ' Control Point ‘ Control Poin
E - sl o I
? of

NAD83(2011) = Construction Grid Coordinates = NAD83(2011)

® EO0+00’-0”

NO+00’-0”

=t

_____\R:

£




Strange Coordinate Systemes:
UTM-17F??7

T

Feature Cache | Annotation Groups | Extent Indicators | Frame | Size and Postion

General | DataFrame | Coordinate System | lumination | Grids

A v| Type here to search - @ @| @ - 5t

(2) NAD 1983 UTM Zone 12N E]
(22 NAD 1983 UTM Zone 13N
(22 NAD 1983 UTM Zone 14N
I ) NAD 1983 UTM Zone 15N
(» NAD 1983 UTM Zone 16N
5] NAD 1983 UTM Zone 17N

@ MAD 1983 UTM Zene 18N 3
l @ MAD 1983 UTM Zone 19N -

m BIANAOLI 1ITAA Tan~ K
| < m b

Current coordinate system:

MAD_1983_UTM_Fone_17M -
l WEKID: 26917 Autharity: EPSG

Projection: Transverse_Mercator
I False_Easting: 500000.0

Falee_Morthing: 0.0
Central_Meridian: -81.0
Scale_Factor: 0.9996
Latitude_Of_Origin: 0.0
Linear Unit: Meter (1.0)

|
oK Cancel Apply
L ( J ( | [ 2o
Corporate BusIness wind

Offices offices Power

Feature Cache | Annotation Groups | Extert Indicators | Frame | Size and Position
| Gids

General I Data Frame | Coordinate Systern | I

- | Type here to search

MECE IR R

[ Favorites

3 Geographic Coordinate Systems
3 Projected Coordinate Systems
3 Layers

= [ Custorn

L] UTIVE3-17F

Current coordinate system:

LTMa3-17F -
Authority: Custom

Projection: Transwverse_Mercator
Falze_Easting: 1640416.667
False_Morthing: 0.0
Central_Meridian: -81.0
Scale_Factor: 0.9996
Latitude_Of_Origin: 0.0

Linear Unit: Foot_US (0. 3048006056012152)

Bl Ceneration W Distribution Networks

£ MW (2014)




Strange Coordinate Systemes:
SPCS Rebellion

fowa Regional Coordinate System
Zone 5: Waterloo

Lambert Conformal Conie projection
(single parallel)

The lowa Regional Coordinate System (1aRCS)

uT™ 141

wn
Linear distortion
(parts per million)
<-100 ppm (<-0.5 /mi)
~80 to -100 ppm
~60 to -80 ppm
[ -40 to -60 ppm
.. [ -20 to -40 ppm
) I +20 ppm (£0.1 fvmi)  [Z
L[] +20t0 +40 ppm

ww sow ww W

lowa State Plane Coordinate System of 1983

SMARTER I SIMPLER I CUSTOMER DRIVEN

Jum zene STATE OF IOWA
Jstateprane zons STATE PLANE & UTM COORDINATE SYSTEMS ZONE MAP




Take Away Points

Datum =

Old NADS83 tracked the center of Earth’s mass, new NADS83 tracks North America’s crust.

Sources for education...educate yourself, ask questions from trusted sources/vendors. The
coordinate buck stops with us!



Documents/National Geodetic Survey - Home.html
Documents/epsg _ EPSG home.html

Closing Thoughts




