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Presentation Notes
Welcome and thank you for attending our presentations.   We plan to give you the complete story behind the development of the Pima County Low Distortion Projection Coordinate Systems… PCCS.

The design and development aspects will be covered along with some of the benefits for Survey and GIS mapping.  Also, where and how to access the PCCS Website, report, map documents, and projection files, so that your firm can take advantage of how to use them.  CLICK



Why do we need a another coordinate system?
• The Arizona State Plane HARN coordinate system’s doesn’t support 

grid based mapping needs for Surveying, Engineering, and GIS 
• Distortion is <-100 PPM or <-0.50 ft/Mile in Metro Tucson Area  
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To start you might ask Why we need another coordinate system for Pima County?    What’s wrong with the State Plane System we are currently using?

Its boils down to the fact that every map project has linear distortion, where map distances are not equal to ground distances do to map distortion.   It’s a fact that a flat paper map can’t be fit on any round surface without distorting it and the converse is also true.    
CLICK
So how much distortion are we talking about?   According to this map… 



Why do we need a another coordinate system?
• Replacement of the NAD 83 HARN System with 4 LDP coordinate 

systems with distortion in the +/-20 PPM or (+/-0.10 ft /Mile)
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So the what's the solution?   There is no completed solution to remove all distortion, CLICK 

However, we can reduce the distortion in a map projection and coordinates system to the point where the linear distortion becomes acceptable for the needs of many surveying and mapping projects.   

This < 20 PPM or 0.10 of a foot per mile, was a primary design consideration behind the development of Pima County Coordinate Systems  CLICK



Benefits of Low Distortion Projection (LDP) 
Coordinate System

• Improve the overall positional accuracy of Survey and GIS 
data by nearly elimination map distortion

• Nearly eliminates the need for grid to ground conversion 
of GPS measurements for small project areas

• Allows multiple disciplines to utilize common coordinate 
systems using standardized grid data collection and 
mapping procedures

• Facilitates the development of the Parcel Fabric and  
infrastructures layers within the GIS
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Presenter
Presentation Notes
Here are a few reasons How a Low distortion projection coordinates systems benefit us all.  



Pima County Land Parcels & Infrastructure
• Our GIS system evolved from a digitizing era into a measurement era
• Parcels are now longer digitized there are captured at the source 

and ground based measurement can be retained in the Parcel Fabric
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Pima County’s GIS has a long history beginning with the use of digitizers to build many GIS layers including Parcels and The PLSS TR&S.  As GIS tools have become more focused on real world and near real time applications new measurement tools have emerged to meet the challenge.  (CLICK)

As a result GIS has become more measurement based, as GPS became affordable and portable the need for greater spatial accuracy has become the new normal in data collection and GIS layer development. 

Capturing the CAD based parcel data at the source and preserving record measurements is Also the new normal.






Pima County Land Parcels & Infrastructure

• Recovery of PLSS control and right-of-way are a times 
coincident with parcel lines and improves GIS quality

• Infrastructure layers are becoming GPS measurement 
based and dependent on accurate GIS system layers in 
order to identify and resolve conflicts  

• UAV remote data collection activates are spatial 
coincident when registered to an accurate coordinate 
system 
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In order to further improve our land parcels and infrastructure we need a common coordinate system with minimal distortion to maintain and correct our GRID based parcel in GIS.    Here are few more examples why we are moving in this direction 

Parcel based control monuments are required in order to register parcels to real positions and perform spatial adjustments to improve the underling spatial referencing of parcels using grid or ground measurements. (Click)

GPS data collection and placement of Infrastructure is accomplished through accurate measurement and proximity analysis is used to help resolve utility conflict and plan for future designs. (Click)

UAV’s are the new tool to come on the scene and we don’t want to repeat the same mistakes of the past, by assuming coordinate positions.  UAV’S  producing highly accurate relative precision, but poor spatial locations without available control and coordinate systems can easily be resolved by using LDP’s    

WE are now in the measure age and We need to embrace all these measurement tools and mapping systems to improve our ability to place our feature measurements more accurately.          
 



Development of Pima County’s Low Distortion 
Coordinate Systems (PCCS)

• Examination of the development process for Low 
Distortion Projections and their benefits for Surveying 
and GIS

• Issuing a contract in 2016 for development of the 
LDP’s

• Organize a Stakeholders meeting with participants 
from County, State, and private surveying and 
geospatial groups

• Let’s move on to the LDP design process  
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We began the development process by exanimating how LDP’s are created using Geodetic Analysis On-line tools for creating LDP’s. with assistants from Pat Mcgarity @ PSOMAS.    Pat had some first had experience using LDP’s in the field performing field surveys and his experience with LDP’s proved to be positive.   Together we created a few test LDP’s to explore what it takes to achieve a 20 PPM distortion for 3 major areas within Pima County.  

This lead to some personal research on what some others sates were doing with LDP’s and what the benefit are for Surveying and Geospatial mapping. (Click) 

Having know and heard Michael Dennis speak about the virtues of LDP for the last several years, I saw LDP’s as important part of Pima County’s Parcel Fabric solution.   Also having great potential benefit to the survey community.     So, Pima County issued a contract to PSOMAS who subcontracted with GEODETIC ANALYSIS, to design LDP’s for Pima County. (Click) 

The organization of a stakeholders meeting was held in 2016 to inform and solicit input into the LDP design process.  We discussed map projections and design details.  Such as the extents of the zones, areas of population , areas of potential growth, and changes in elevation, all of which Michael will discuss next. (Click)     

 Are there any questions?



Pima County Coordinate Systems (PCCS)
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Welcome back and thank you for hanging in there for the rest of our presentation.  

As many of you are aware GIS have become a great resource for surveyors here in Pima County and we only plan to improve those capabilities and to keep you informed of where we are heading. 

So,  It makes no sense to me as Surveyor and GIS professional to develop our own coordinates systems and not share their virtues and the detailed information with you. (Click) 
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OK, so where do you find detailed information about the PCCS.     Google Pima.gov   and using the search box at the upper right  search for PCCS. 

At the website you will find everything you need to Know about what we have presented and so that you can take advantage of the PCCS for your survey and mapping work.  CLICK






ESRI UC 2017 Presentation\PCCS_report.pdf
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If you are new to LDP’s and coordinates systems you will find this report very informative and educational as-well as a great resource document.  After have read it through a couple times you’ll develop your own confidence in using the PCCS.   

You can download the 38 page report on the PCCS, which goes into all the design details Michael discussed and projection  parameters for each of the 4 Zones.
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On the website you will find a serious of TAB’s across the top of the main page, which takes you to all Map Documents. You can view or download each zones map to help determine which zone you may be working in.  

You can also review the Coordinate System’s projection parameters on each Zones webpage.  

Each of  4 zones will display the same type of information that you see here.  Notice that you can also download a detailed map for each Zone.
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Here is a view of the ZONE 1 East Map when downloaded.  There is plenty of useful details on this coordinate system map including TR values, County Boundaries, Named Cities and places, with Latitude, Longitude, and Coordinate System Grids along the edges of map.   

The projection details are in the legend along with color coded values displaying expected linear distortion.

These maps will prove to be very informative to users of the PCCS.   I strongly urge you to download all for Maps for your Metadata library and as a general reference. 
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The PCCS Control map is also available for download along with the NGS control points adjusted for each PCCS Zone where they reside.

The NGS Control points can be download as a comma delimited text file that you can read into excel or import into most GPS data collectors using your Manufacture Software.  These monuments will help you confirm your GPS position within the PCCS serving as a QC check for equipment and procedures.    
 
The Map also clearly displays the boundaries for the 4 PCCS zones which can also be downloadable as shape file shape.  





We have Registered the PCCS with epsg.org
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The last Tab is a link to download all 4 PCCS Projection Files for use with GPS equipment and or CAD and GIS software.

Highlighted below are the 4 Zones as they appear in ArcGIS software for end user referencing and projection needs.   
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I have Registered the PCCS with epsg.org  with the hope that other Geospatial Professionals will discover and use them for their own mapping needs in Pima County.

EPSG = European Survey Group 



Pima County’s Parcel Fabric Development
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Its time to take any questions you may have about the PCCS Website Before moving on. 

By all means please keep me inform via email which is posted on the PCCS web page if you have any Questions about the PCCS.  I’m always interested to here about your using PCCS for your work.     




Migrating CAD Parcels to the Parcel Fabric
• Research current use of CAD data and its GIS usage

• Requires a close examination of exiting CAD drawing layers
• Clear understanding of how the CAD data was created and currently 

maintained and used to support the GIS enterprise.

• Because our CAD data continues to be used on a daily basis
• Parallel processing was developed that doesn’t impact current CAD 

or GIS parcel processing 
• Create Quality Control steps to validate Parcel Fabric development    

• Processing tools AutoCAD lisp, SQL Server, Python Scripts 
• Automate processing steps to support daily CAD edits  
• Automate Parcel Fabric Topology validation before Loading 
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Some of you may have heard me talk about Pima County’s Parcel Fabric at past conferences.   

The good news is we are now in a pre-release phase.   With the development of the LDP Coordinate systems I’m please to report that we are now well positioned literally to move ahead.

Creating an accurate Parcel Fabric for Pima County has been an Goal and objective for me.  Years ago, I transitioned from surveying into GIS because I saw a need for improving parcel data in GIS.  (Story about Gene) 

Now that measurement technology and geospatial mapping has advanced to level we see today laying the ground work for accurate parcel mapping in GIS has become my new reality.         
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Parcel Fabric Development Work Plan

Presenter
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The migration of existing CAD parcels into the Parcel Fabric is challenging one of moving from the digitized era to the measurement era,  here are some of the basic challenges.      



Daily Tracking of Parcel CAD Drawing Edits
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Parcel Editors of  CAD Drawings:
• ITD_GIS 
• Assessors 
Parcel Users of CAD Drawings:
• DOT ROW
• PCGPR
• RWRD
• RFCD

SQL Server 
SPGISDB1\CAD_All

Nightly Process of CAD Drawings for Parcel Fabric processing 
-> Create list of Edited Township Range and Section Drawings 
-> Batch File to copy Source DWGs to STPFGIS\az\plss
-> Creates list of DWG to process using “replsecblk.lsp”
-> Batch File to copy DWG from E:\az\plss to E:\Parcel_Fabric\Pima\PLSS_CAD
-> Create List of Edited Township & Ranges
-> Batch file List to of TR_txt  files for Python Processes

Presenter
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Here is my work plan.  I’ll take you through some of the details in the coming slides.

Developing this work plan was vital for tracking progress and helpful as visual reference for documenting the overall migration process from CAD to the GIS Parcel Fabric.     The work plan has change as we have moved through the process, and we continue to adjust as we go.  

The Process is highly automated and requires only human involvement when QC steps aren't being met. 
So lets dive into some of the details   



Migrating CAD parcels to GIS Feature Classes
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Stage 1. Nightly Processing Steps

Steps for Building Parcel Fabric

Imports 36 section drawings into a 
single Township Range Feature Class
Example (T13SR13E)
 for all of the County

Scratch.gdb

Uses Scratch TR Feature Class to Create 
Clean TR Feature Class and Place in the 
Corrected.gdb Corrected Feature 
Dataset as a Temporary Corrected FC    

 

 

Corrected.gdb

Presenter
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As CAD editors make changes to individual section drawings they are tacked and staged for nightly processing.

Drawings are copied out of production and into a staging environment where parcels and PLSS sections corners are identified.   



Apply Topology rules and QC check for errors 

ESRI UC 2017

Uses Temporary Corrected FC to Create 
Corrected TR Feature Class and Place in the 
Clean.gdb CorrectedData Feature Dataset 
by TR
 

 

Create Parcel Lines, Polygons 
Line Points, and Parcel Points 
for Parcel Fabric 

Clean.gdb

Quality Contol

Parcel Fabric Editors:   ITD_GIS 
• Review Each TR for Topology Errors 
• Edit original CAD source Drawing
• Drawing is reprocessed next night
• Error should be corrected.

After scrubbing out the original 240 errors inside 
the CAD drawings they have not returned.

Builds TR Parcels Lines, Polygons, Points and 
End Points from Corrected TR Feature class 
and places them in separate Feature Datasets 
using the TR value.  
 

Presenter
Presentation Notes
Stage 1 involves the importing all 36 sections into a single Township and Range of Parcel Lines into a GIS Township feature class.

The converted CAD Parcel line work is then cleaned of duplicate lines, undershoots, and overshoots through and automated process.  

This clean process step proved to be invaluable during the conversion process.  A typical Township and Range of parcel line work  had over a thousand topology errors.   




TR Parcel Polygons to Single Feature Class
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TR_Parcels.gdb

Merge TR feature classes into Pfregion 

Perform frequency on parcels Calculate Dparcel 
(Parcel + Objectid) for those in subdivisions 
perform several Dissolves on duplicates parcel 
using DPARCEL Values. 
Where Parcels are divided by section and TR  
lines.  Pre recorded Subdivision Parcels are also 
preserved.  Common and parking areas are 
preserved.  Use of .XYTolerance = "0.50 Feet" to 
clean up nearly duplicated Section Lines. 

Build  pfparcel to be equivalent to paregion.
Replacing the ArcInfo Data model with the 
ArcGIS Parcel Fabric pre-processing   
Special export to GISLIB as paregion.

Presenter
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Each Corrected Township and Range set of parcel lines are evaluated using 3 topology rules (Read Rules)  This insures we have individual parcel line work.

Next a  QC evaluation is performed.  Where a email notification is sent out to CAD editors if any problems in line work are encountered within a Township.

After having processed all 280 townships containing 9300 sections within Pima County we found only 240 errors that had to be scrubbed out manually.

However after having resolved them in CAD, they have NOT resurfaced.   But we continue to monitor for any new errors that may be introduced during the editing of CAD drawings. 

We then build Parcel Lines, Polygon's, Points, and Line Endpoints for the Pre-Parcel Fabric processing.      



Parcel Lines & Polygons Topology
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TR_Parcels.gdb

Creates TR Polygons, Lines, Topology and 
validate them in the Staging PF_Load.gdb 
Parcel_Load  Feature Dataset by TR
 

Second Set of TOPOLOGY RULES:
1. Lines Must Be Covered By Boundary of Parcels
2. Lines Must Not Self-Overlap
3. Lines Must Not Self-Intersect
4. Lines Must Be Single Part
5. Lines Must Not Intersect or Touch Interior 
6. Parcels Must be Covered By Lines 

PF_Load.gdb

Stage 2. Nightly Processing Steps

Steps for Building Parcel Fabric

Uses the PF_Load.gdb Parcel_load Feature 
Dataset by TR to evaluate updated TR 
feature classes from nightly processing to 
determine if Topology Errors exist. 

Presenter
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So at this stage all Township and Range polygon feature classes are merged into a single GIS feature class where duplicate parcels are dissolved and assembled into 440,000 parcels with land ownerships attributes attached.  

This Parcel feature class is the GIS layer that our organization utilizes to support dozens of GIS applications and web based GIS services.    Its’s the same layer that you're using if you use or Pima Maps and or the MapGuide websites.

This entire process up to this point replaces a legacy ArcINFO process that has been in place for over 25 years which has become increasingly difficult to maintain. This Solves one of our major goals of moving away from our digitized land parcels, to a Measurement based set of parcels.



Topology QC and Loading Parcel Fabric 
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Quality Control 

Parcel Fabric Loaders:   ITD_GIS                        
• Review and topology errors report
• Correct Topology Errors in TR feature Class
• Run  the Load_TR_to_PF.py script

After scrubbing out the 99 
additional errors inside the CAD 

drawings they have not returned.

Load TR Polygons and Lines Topology using 
based on topology rules.

PCCS_Load

Low Distortion Coordinate System Zones

Load TR Polygons and Lines Topology using 
based on topology rules.

Presenter
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So in Stage 2 of this automated Parcel Fabric process.

We run the same Township and Range feature classes through 6 more required topology rules  (Read Rules)




Migrating PLSS CAD Section Lines and 
Section Corners to GIS 

• The GIS Section Lines were 
extracted from the CAD 
drawings and migrated into TR 
Feature Classes 

• GIS Section Conners (GISSC) 
were extracted from the CAD 
drawings and migrated into TR 
Feature Classes 

• The GIS Section Corners (GISSC) 
were assigned a unique Arizona 
Survey Corner Record Index 
Code
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The Parcel Fabric Topology is again evaluated for errors and errors that are found are report via email and scrubbed out of the source CAD drawings.    

The Township & Range Feature Classes are then divided into our four Low Distortion Coordinate Systems Zones and loaded into four separate Parcel Fabric databases and made available for GIS maintenance and classification of parcels.

The Section level CAD Drawings can now begin to be phased out of CAD maintenance and into the Parcel Fabric maintenance process..

This approach allows for a phased transition from CAD to GIS while keeping the enterprise GIS operational.

This work plan supports continued parcel fabric development for defining land parcel buy type, and tracking parcel by recorded plats an deed splits, while maintaining and improving the measurement quality of migrated parcel data.      

 






Importing GISSC Section Corner 
Control into the Parcel Fabric

• Import GISSC Control

• Import Surveyed 
Positions 
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To improve the spatial quality of our parcels using the PCCS we need  know where the Control Points for parcels and section lines were in CAD and where we find them now field to establish the basis for performing parcel fabric adjustments.  

During the CAD migration process we extracted PLSS Section Lines, and GIS Section Corners (GISSC) and assigned unique Section Corner IDS and when possible we linked them to Arizona Corner Record Recovery forms.  





Linking the Parcel Fabric to Control Points 

• Checking the fit of linked Control Points before 
performing Adjustment 

ESRI UC 2017

Presenter
Presentation Notes
The GISSC are imported as Control Points for each TR&S.  (STARS)

Because of the GISC came from the same CAD source they are already linked into the Parcel Fabric.

However, as field derived control points are Surveyed and loaded we can link them to the GISSC allowing us to perform adjustments to parcels.  

   



Parcel Fabric Benefits 
• The Parcel Fabric stores record parcel measurements 
• Supports workflows for migrating new CAD parcels to the Parcel 

Fabric 
• Utilizes section corner control from surveys and CAD plats
• Supports adjustments while preserving measurements
• Preservations of platted parcel records throughout time.

Plans for the Future 
• Enlist Surveying Community support for the Parcel Fabric process 
• Further define electronic submission of CAD data
• Develop Enterprise level ArcGIS Parcel Fabric Viewer 
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When surveyed control is provided we link them to common corners in the Parcel Fabric and check the fit prior to performing adjustments. 

This allows for “self-healing” of the parcel fabric over-time as more control is added and adjustments are performed.

As newly recorded record plats are added to the Parcel Fabric we are  able to maintain the record measurements in the parcel fabric continually






Thank You for Attending

Contact:
Jack L. Avis, PLS, GISP 
Senior GIS Analyst
Pima County, Arizona

Jack.Avis@pima.gov
520-724-6815
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Here are a few take home messages about the Parcel Fabric process.
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