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A Bit of Review

Go to LDP

Go to OCRS
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Engineering Automation

Key Concepts for a
25 Year Time 

Horizon

Coordinate Systems for Engineering Projects

../../Spar Conference 2009/Engineering Automation-Key Concepts-13Feb2009.pdf
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GPS Positioning

ORGN GEOID

OCRS

Pieces of the 
Puzzle

Correctors

Coordinates

Heights
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Â It is impossible to represent 
a curved surface on a plane 
without introducing 
distortion of:

Â Angles

Â Azimuths

Â Distances

Â or Areas.

Â An appropriate map 
projection must be chosen 
such that some of the four 
remain undistorted.

Map Projection
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State Plane Coordinate System

Developed by USC&GS in 1933 
at the request of an engineer 
from the North Carolina 
Highway Department
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Oregon State Plane System

ÁDeveloped by USC&GS in 1938

ÁGiven legal status in 1945

ÁLambert Conformal Conic Projection

Á2 zones

Á158 mile wide

ÁMaximum projection distortion 1:10,000

ÁNo consideration for distortion by height
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Linear Distortion

ÁDifference in distance between a pair of grid
coordinates when compared to ground
coordinates.

ÁCan be positive or negative

ÁNegative - grid length shorter than ground

ÁPositive - grid length longer than ground
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Ellipsoid Surface
Projection Surface

Maximum Projection Zone Width

For Balanced Positive and Negative

Distortion

Grid Length Less

Than Ellipsoid

Length

(distortion < 0)

Grid Length Greater

Than Ellipsoid Length

(distortion > 0)

Linear Distortion
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Distortion due to Earth Curvature

Zone Width

(miles)

Maximum Linear Distortion

PPM Feet/Mile Ratio

16 +/- 1 +/- 0.005 1:1,000,000

50 +/- 10 +/- 0.05 1:100,000

71 +/- 20 +/- 0.1 1:50,000

112 +/- 50 +/- 0.3 1:20,000

158 +/- 100 +/- 0.5 1:10,000

317 +/- 400 +/- 2.1 1:2,500
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Zone Width

(miles)

Maximum Linear Distortion

PPM Feet/Mile Ratio

16 +/- 1 +/- 0.005 1:1,000,000

50 +/- 10 +/- 0.05 1:100,000

71 +/- 20 +/- 0.1 1:50,000

112 +/- 50 +/- 0.3 1:20,000

158 +/- 100 +/- 0.5 1:10,000

317 +/- 400 +/- 2.1 1:2,500

Distortion due to Earth Curvature
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The Ellipsoid Height 
Factor is the ratio of a 
distance on the grid 
projection to the 
corresponding distance 
on the ground plane.

Ellipsoid Height Factor

A B

To Center

Of Ellipsoid

Aô
Bô

Ground

Grid

Ellipsoid
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Distortion due to Height Above Ellipsoid

Height (ft)

(above ellipsoid)

Maximum Linear Distortion

PPM Feet/Mile Ratio

100 4.8 0.03 1:209,000

400 19 0.1 1:52,000

1,000 48 0.3 1:21,000

2,000 96 0.5 1:10,500

4,000 191 1 1:5,200

7,000 335 1.8 1:3,000

Final Zones/Oregon_HSF_ppm.pdf
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Total Linear Distortion

ÁCombination of distortion due to earth 
curvature and height above ellipsoid

ÁOften, the distortion due to the height above 
the ellipsoid is greater than due to curvature
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Michael L. Dennis, RLS, PE
Geodetic Analysis, LLC
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Michael L. Dennis, RLS, PE
Geodetic Analysis, LLC
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Problems with SPC

ÁDoes not represent ground distances

ÁDoes not minimize distortion over large areas

ÁDoes not reduce convergence angle

ÁDoes not support modern surveying accuracy 
requirements
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Local Datum Plane Coordinates

Developed by 
ODOT shortly 
after the 
implementation 
of the State Plane 
System
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Á Creates a plane close to 
the project elevation 
that is parallel to the 

State Plane grid

Á Scaled by a Combined 
Scale factor

Local Datum Plane Coordinates
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Problems with LDPC

ÁSmall low distortion area

ÁLDP Coordinates look similar to State Plane

ÁNot truly Geo-Referenced

ÁEach project on the LDPC System is on its own 
local coordinate system, loosely tied to the State 
Plane system.
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Why Change?

ÁEliminate dual coordinate grids

ÁRequirement for higher accuracy

ÁEliminate the need to convert from grid to 
ground

Á Inclusion of geodetic surveying in our work

ÁBlending of GPS and TPS positioning

ÁBlending of Survey/Engineering and GIS Data
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Geographic Information Systems

ÁFor a multitude of reasons early GIS adopters 
did not place a priority on the dataôs degree of 
accuracy.

ÁOpted for a different projection

ÁGIS data and engineering data must integrate
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Were Far Apart

They Had Different:

Coordinate Systems

Accuracy

Level of Detail

Uses

time

Engineering 

and

Surveying

Data

Geographical

Information

Systems

We are here

We Should be here
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Need New System

ÁMinimizes difference between Grid and Ground

ÁReduces distortion and Convergence Angle

ÁWell documented ïeasy to transform to 
between systems



Oregon Coordinate Reference System ðRon Singh
25

Possible Solutions

ÁScale the published SPC to Ground

ÁScale the Reference Ellipsoid to Ground

ÁDesign Low Distortion Projections
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ÁñLocal Datum Plane Coordinatesò

ÁSmall low distortion area

ÁLDP Coordinates look similar to State Plane

ÁNot truly Geo-Referenced

ÁEach project on the LDPC System is on its 
own local coordinate system, loosely tied to 
the State Plane system.

Scale the published SPC to Ground
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Scale the Reference Ellipsoid

ÁRequires a new ellipsoid (or datum) for each 
coordinate system

ÁComplex and confusing

ÁGenerates new latitudes substantially 
different from original
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Low 
Distortion
Projections
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Low Distortion Projections

ÁMinimizes difference between ñGridò and ñGroundò

ÁCentral Meridian and Latitude near site, reducing 
distortion and Convergence Angle

ÁWell documented ïeasy to transform between LDP 
and NSRS



Ellipsoid Surface

Projection

Surface

Local Projection Axis

Extent of Low Distortion Coverage

Representative

Ellipsoidal

Height

Height

Limits for

Low 

Distortion

Ground

Surface
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Oregon            Coordinate Reference System
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Initial Steps

ÁDetermined interest amongst the Surveying 
and GIS community in Oregon

ÁEncouraged NGS to support Low Distortion 
Projection concept

ÁDeveloped test zones

ÁField tested initial zones
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Technical Development Team

Ron Singh, PLS

ODOT Chief of Surveys/Geometronics Mgr

Ken Bays, PLS

ODOT Lead Geodetic Surveyor

Mark Armstrong, PLS

Oregon NGS Advisor

Shelby Griggs, PLS

OrbiTech, Inc

Lisa Lee

Central Oregon Irrigation District

John Putnam, PLS

Orion GPS

Art Benefiel

Professor, Central Oregon Comm. College

Mark Riggins, PLS

Marion County Surveyor

Marcus Reedy, PLS

David Evans and Associates

Jim Griffis, PLS

David Evans and Associates

Michael Olsen, Ph.D

Assistant Professor, Oregon State Univ.
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Geodetic Consulting By:

Michael L. Dennis, RLS, PE
Geodetic Analysis, LLC
8775 S Cluff Ranch Road
Pima, AZ 85543
(928) 322-0956
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Next Steps

ÁReplace (or supplement) the existing 
Oregon State Plane System with multiple 
predefined Low Distortion Projections

ÁMake official and legal ïRevise ORS 93

ÁEvaluate integration with the ORGN

ÁDevelop Standards

ÁDevelop Handbook

ÁRoll-out and Training
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Best Practices

ÁShould be tied to the National Spatial 
Reference System 

ÁMust be a collaborative effort with Federal, 
State, Local, academic, and private parties

ÁThe Oregon Real-Time GPS Network must 
facilitate the use of the OCRS

ÁNot constrained to monuments
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Best Practices

ÁIdentify all custom projections in use in 
Oregon

ÁAttempt to incorporate these existing 
projections into the statewide system

ÁInvolve NGS

ÁInvolve GIS community

ÁInvolve the local users

ÁInvolve the software vendors
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Best Practices

ÁUse a single reference ellipsoid ïGRS80

ÁNAD83 utilizes GRS80

ÁUse 3 projections types:

Â Lambert Conformal Conic

Â Oblique Mercator

Â Transverse Mercator East/West Zones

North/South Zones
Skewed Zones
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Best Practices

ÁSelect maximum distortion values:

Á1:100,000 Urban

Á1:50,000 Rural

ÁSelect Distance Units:

ÁMeters

Á1 International Foot = 0.3048 meters exactly

ÁMetadata ïdocument thoroughly

ÁRegister OCRS with NGS

Although the projection is 
defined in meters, the 

resulting coordinates are in 
International Feet
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Example Projection Metadata

Zone Name: Local Portland
Zone Number: 3610
Projection:     Lambert Conformal Conic
Reference Ellipsoid:  GRS80

The parameters for this projection are:

1. Origin Longitude (Ȉo): 122°45ô00ò
2. Latitude of the Central Parallel and Coordinate Origin (ūo): 45°30ô00ò
3. False Easting (Eo): 100 000.000 meters
4. False Northing (No):   50 000.000 meters
5. Scale Factor on Central Parallel (ko): 1.000 002 exactly

NOTE: Distance units in meters; angular units in degrees, 
minutes, seconds; and the scale factor is exact.

Although coordinates are 
based on NAD83, the 

ñrealizationò utilized must be 
identified in your project 

metadata
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Combined Distortion Goals

PPM Feet/Mile Ratio

+/- 10 +/- 0.05 1:100,000

+/- 20 +/- 0.1 1:50,000
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Test Zones

Regional
Willamette
Valley

Portland

Salem

Eugene

../../Spar Conference 2009/OCRS_Regional_Willamette_Valley_prelim.pdf
Reference/OCRS_Regional_Willamette_Valley_prelim.pdf
Reference/OCRS_Local_Portland_prelim.pdf
Reference/OCRS_Local_Salem_prelim.pdf
Reference/OCRS_Local_Eugene_prelim.pdf
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Tests Conducted

ÂField Test ïShort Lines

ÂEDM Calibration Baselines (1 mile)

ÂField Test ïMedium Lines

ÂMedium Length Lines (3 -5 miles)

ÂComputed ïLong Lines

ÂBetween CORS (18-75 miles)

ÂSoftware (on-going)

ÂLeica, Trimble, and Topcon

Reference/OCRS Alpha Testing on Short Calibrated Baselines exl2003.pdf
Reference/OCRS Alpha Testing on Medium Calibrated Baselines exl2003.pdf
Reference/OCRS Portland Zone Long Baseline Test Results.pdf
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All Zones

COCS

Final Zones/OCRS_Portland_LCC_11x17.pdf
Final Zones/OCRS_Eugene_TM_11x17.pdf
Final Zones/OCRS_Salem_TM_11x17.pdf
Final Zones/OCRS_Grants_Pass-Ashland_TM_11x17.pdf
Final Zones/OCRS_Cottage Grove-Canyonville_TM_11x17.pdf
Final Zones/OCRS_Pendleton_TM_11x17.pdf
Final Zones/OCRS_Columbia_River_West_OM_11x17.pdf
Final Zones/OCRS_Bend-Klamath_Falls_TM_11x17.pdf
Final Zones/OCRS_Bend-Redmond-Prineville_LCC_11x17.pdf
Final Zones/OCRS_Oregon_Coast_OM_11x17_no_contours.pdf
Final Zones/OCRS_Ontario_TM_11x17.pdf
Final Zones/OCRS_La_Grande_TM_11x17.pdf
Final Zones/OCRS_Baker_TM_11x17.pdf
Final Zones/OCRS_Columbia_River_East_LCC_11x17.pdf
Final Zones/Existing_COCS_LCC_11x17.pdf
Final Zones/OCRS_Canyonville-Grants_Pass_TM_11x17.pdf
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OCRS Rollout/Workshop

Joint ODOT/OGUG Workshop

Date: April 16 th, 2010
Time: 8:00 am ï5:00 pm
Location: Chemeketa Eola Viticulture Center
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Stay Tunedé
www.oregon.gov/odot/hwy/geometronics


