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A Common Language 

As stewards of the public road system, Public Works 
Departments maintain large volumes of data  related to 
roads.   

The data systems used to store, maintain and retrieve these 
data are as diverse  as the business functions they support 
– from Accounting to Engineering to Road Maintenance.   

This presentation will show how San Juan County Public 
Works implemented ArcGIS routes  as a data integration 
solution that, essentially, gave three diverse data 
management systems a common language . 

 



 

 

  

Topics 

� Considering Integration 

� Visioning the Solution 

� Building the Linear Referencing Framework 

� Preparing the Event Source Data 

� Working with Routes & Events 

� Demonstrating Successful Outcomes 



 

 
 

  

Why Consider Integration? 



 

 

  

Multiple Data Systems 

� WinCams – cost accounting system 

� MOBILITY – state road log  

data management system 

� ArcGIS – geographic information system 



 

 

  

Benefits of Integration 

� Streamline workflows 
 
� Reduce data redundancy 
 
� Leverage non-spatial data by bringing 

them into the spatial environment 



 

 
 

  

Visioning the Solution 

�  Understand Existing Roads System 

�  Identify Project Goals 



 

 

  

Existing Roads System 

� “County Road System” is independent of road names 
and addressing 

� County roads are identified by road number 

� Distances along a road are measured in miles 

� Roads data are referenced by road number & mile-
measure 

� Mile markers are used as reference on the ground 

� GIS roads layer is not mile-measure “aware” 



 

 

  

Project Goals 

� Easily determine the milepost at any location 
along a road feature in GIS 

� Add road number & milepost information to 
spatial data in GIS that lack mile-references 

� Easily map a location, specified by road 
number & milepost, in GIS 

� Enable GIS mapping of roads data maintained 
in tabular formats in other applications 



 

 
 

  

Visioning the Solution 

�  Understand Existing Roads System 

�  Identify Project Goals 

�  Develop the Conceptual Model 

 



 

 

  

Conceptual Model 

� Linear Referencing is the solution 
 

A system of locating geographic features 
relative to their location along a linear feature, 
rather than by geographic (x, y) coordinates 



 

 

  

Conceptual Model 

� Routes & Measures 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Routes  are linear 
features which support 
linear referencing 

• Routes enable linear 
referencing by storing 
distance measures  
internally 

 

• Route features will be 
constructed from the 
existing GIS roads layer 

• Route ID’s will be based 
on County road number 

• Route measures will be 
based on distance in miles 



 

 

  

Conceptual Model 

� Route Calibrations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Route Calibrations  
allow you to 
explicitly set 
measure values at 
any location   

 

• Route measures will be 
calibrated to established 
measures at locations 
such as intersections & 
mile markers 



 

 

  

Conceptual Model 

� Route Events 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Route Events  are the 
tabular data from other 
sources that you want 
to map in GIS 

 

• Route Event tables will 
store event data by road 
number (Route ID) & 
milepost (measurement) 

• Route Event tables will 
be created from existing 
tabular data sources on-
the-fly 

• Route Events will be 
mapped using standard 
Linear Referencing tools 
in ArcMap 

 



 

 
 

  

Building the  
Linear Referencing Framework 



 

 

  

Process Overview 

1. Build Routes 
2. Create Calibration Points 
3. Pre-Calibration QC Review 
4. Calibrate Routes 
5. Review Route Anomalies 



 

 

  

Building the Routes 

� Route Source = master roads layer 
� Must contain unique ID field 

� May contain from & to measures (mileposts) 

� Select features from which to build routes (County roads) 

 



 

 

  

Building the Routes 

� “Create Routes” 
Tool 

� Input line features 

� Route ID field 

� Measure Source 
(two fields) 

� From & to measure 
fields 

� Coordinate Priority 
(not used) 

 



 

 

  

Creating Calibration Points 

� Create new points shapefile or feature class 

� Must contain:  
� Route ID field  
� measure value (milepost) field 

� Create point features at locations where 
established measures will be maintained  

� Intersections 
� Mile Markers 
� Road Ends 

 

 
 



 

 

  

Pre-Calibration QC Review 

� Display route anomalies  
(Layer Properties: Route tab > Route Measure Anomalies) 

� Review & correct route anomalies as needed. 

� Check that routes are drawn in correct 
direction. 

� Review calibration points for conflicting  or 
erroneous measures. 

 
 



 

 

  

Calibrating the Routes 

� “Calibrate Routes” 
Tool 

� Measure 
calculation method 
= measures 

� Search radius = 30 

� Interpolate 
between (yes) 

� Extrapolate before 
or after (no)  

 



 

 

  

Reviewing Route Anomalies 

Layer Properties: Routes tab 

� Show where 
measures do not 
have any value 
(NaN) 

� Show where 
measures do not 
increase with 
digitized direction 



 

 

  

Reviewing Route Anomalies 

Identify Route Locations Tool 
� View measure 

value at any 
location 

� Check if 
measures are: 

� strictly 
increasing 

� increasing with 
levels 

� increasing / 
decreasing 

� Check for 
multipart routes 



 

 

  

Challenges – Routes Calibration 

� Conflicting mile references 

� Inaccurate measures 

� Mile-marker locations changed over time 

� Choosing appropriate level of precision 

� Accuracy of input measures 
� Desired accuracy for planned use 

Considerations: 



 

 
 

  

Preparing the Event Source Data 

�  Requirements 

�  Accessing Source Data 

�  Challenges 



 

 

  

Source Data Requirements 

� Must be in table format 
� Excel 
� DBASE 
� Geodatabase 
� ORACLE or SQL 

� Must contain Route ID field 

� Must contain measure values 
� Points – single mile measure 
� Lines – from & to mile measures 



 

 

  

Sample Tables 



 

 

  

Accessing Source Data 

� Direct access to source data 

� Output from standard or customized 
reports   (convert from text to table format) 

� Export & modify tables &/or reports 
� Linking tables 
� Reformatting field values 



 

 

  

Challenges – Event Source Data 

� Direct connection to source not possible 

� Required information stored in separate 
tables 

� Differences in data structure    
(ID & measure fields) 



 

 
 

  

Working with Routes & Events 

�  Mapping Route Events 

�  Locating Features Along Routes 



 

 

  

Mapping Route Events 

� Add calibrated Routes to map project 

� Add Event table(s) to map project 

� Run Route Events Tool 
� Display Route Events 

(R-click table, select from context menu) 

�� oror  Make Route Event Theme 
(accessed from Toolbox, Linear Referencing tools) 

� Symbolize & Label your data 



 

 

  

Mapping Route Events 

“Make Route 
Events” Tool 

� Input Route 
Features 

� Route ID field 

� Input Event 
Table 

� Route ID field 
� Event Type 
� Measure 

fields(s) 
� Offset field 



 

 

  

Locate Features Along Routes 
 (Calculating Route & Measures) 

� Reverse process:   
� already have location 

� want to know Route ID & Milepost 

 
� Use “Locate Features Along Routes” 

Tool  
� calculates route and measure values  
� exports to new table 



 

 

  

Calculating Route & Measures  

� Input features   

� Input Route 
Features 

� Route ID field  
� Search radius 

� Output Event 
Table 

� Route ID field 
� Measure field 

� Keep only 
closest 
location 



 

 
 

  

Successful Outcomes 



 

 

  

Distributing Your Results 

� Export event table to permanent table 

� Export event layer to shapefile 

� Publish hard-copy or PDF maps 

� Publish ArcReader projects 

� Publish layer files  



 

 

  

WinCams Sample Projects 

WinCams Road Segments 
to Event Layer 

� ODBC connection to WinCams 
tables 

� Exported table to geodatabase 
� Added RouteID field 
� Calculated RouteID Displayed 

Route Events 
� Symbolized routes (colored 

lines) by road number 
� Overlaid road segment event 

data  
� Symbolized event layer using 

fine line & custom arrow end-
treatment 



 

 

  

WinCams Sample Projects 

WinCams YTD Labor & 
Equip. Costs to Event Layer 

� Exported WinCams road 
segment event layer as 
geodatabase feature class 

� Added road segments feature 
class to project twice 

� Symbolized & labeled one 
layer based on Labor Costs 

� Symbolized & labeled second 
layer on Equipment Costs 



 

 

  

WinCams Sample Projects 

WinCams Snow Routes to 
Shape File 

� Exported multiple tables from 
WinCams to Dbase 

� Joined tables based on Route 
number  

� Exported table 
� Added RouteID & Route Type 

fields 
� Calculated RouteID & Route 

Type fields 
� Displayed Route Events 
� Export to Shapefile 
� Symbolized by Route Type 
� Labeled by Route Number 



 

 

  

MOBILITY Sample Projects 

MOBILITY Traffic Counts to 
Route Events 

� Exported report from Mobility 
(text file) 

� Converted to Dbase table 

� Added RouteID field & populated 
from road number 

� Reformatted begin & end mile 
measures 

� Displayed Route Events 

� Symbolized & Labeled based on 
traffic count field 

 



 

 

  

GIS Sample Projects 

GIS Culvert Inventory, Add Road 
Number & Milepost to GIS layer 

� Selected features to locate 
� Ran “Locate Features Along 

Routes” tool 
� Keep only closest location 
� Include distance field in output 
� Keep all fields from input 

� Removed all fields from original 
table except PipeID 

� Joined output table to original data 
set based on PipeID 

� Calculated Rd_Num field from 
RouteID 

 



 

 

  

GIS Sample Projects 

GIS Map Scenic Byways  
� Entered RouteID and mileposts 

into simple table 
� Ran Map Route Events 

� Overlayed Event layer on road 
map 


