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Agenda

*Brief background on Roadside Features Inventory Program (RFIP)
*RFIP mobile software requirements

e Limitations and issues with out of box solutions, and briefly about
open source solutions

*Mobile data collection/update/QA process workflow
*Mobile database

*Mobile software functionalities

Demo

e Questions & Comments
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What is RFIP

* A state wide corporate program for collecting, storing and
reporting locations of roadside assets for the main purpose of
safety analysis

Mandated by Federal Highway Administration

Collect information on a set of fixed objects at mapping level
accuracy (+/- 5 ft or better)

*Within the clear zone (between the edge of the traveled way and
the outside border)

*The scope was expanded to include:
 Culvert inspection data (Maintenance)
* Environmental data (Stormwater Information Management project)
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Roadside Feature

* Any natural or man-made fixed object adjacent to the traveled
way.
 For safety analysis: anything vehicle can strike
« Example: support, guardrail, fence, cabinet, rock, tree...
*For maintenance: culvert, guardrail, ...

*For environmental: drainage inlet, regulatory outfall, ...
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Point Feature Types

Bridge Structure
Cabinet

Cable Barrier
Culvert End

Down Guy

Down Guy Anchor
Drainage Inlet
Dry Well

Hydrant

Impact Attenuator

Intersection
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Mailbox

Misc. Fixed Object
Pedestal

Pipe End
Regulatory Outfall
Road Approach
Rock Outcropping
Stormwater Pond
Stormwater Vault
Support

Tree




Line Feature Types

Bridge Rail

Concrete Barrier (+ events)
Culvert

Curb

Ditch (+ events)

Fence (+ events)

Glare Screen (+ events)

Guardrall (+ events)
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Guy Wire

Redirectional Land Form
Roadside Slope (+ events)
Rock Outcropping

Special User Barrier

Tree Groupings

Wall (+ events)

Water Hazard




Linear Feature Events

Concrete Barrier Face Treatment
Concrete Barrier Section Length
Concrete Barrier Type

Ditch Back Slope

Ditch Depth

Ditch Fore Slope

Ditch Width

Fence Height

Fence Type

Guard Rail Double Sided
Guardrail Height
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Guardrail Post Material
Guardrail Post Spacing
Guardrall Type

Glare Screen Height
Roadside Slope Height
Roadside Slope - Slope
Wall Height

Wall Material Type
Wall Type

Special Use Barrier Height




Mobile System Requirements (1)

 Collect multiple linear features simultaneously
*Display and store linear feature events
* Allow GPS post-processing

*Run on existing hardware (Trimble GeoXH, 2005 Series)
* Windows Mobile 5
*RAM : 64 MB
* Disk space: 512 MB plus SD card
«CPU: 416 MHz
*\Work with existing accessories
 Laser range finder (True Pulse - Laser Tech)
* Digital camera
* Check-out and check-in data from ArcSDE
 Allow data updates in the field

*Perform basic GIS tasks
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Mobile System Requirements (2)

* Allow customization (preferably by C#) to accommodate specific
workflows or future changes

 Allow variable offset using laser range finder
*Display background layers (roadways and possibly ortho photo)
«\Work without internet connection
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Out of Box Solutions and Their Limitations

*These are based on our research conducted in summer 2008 and
earlier.
*ArcPad (ESRI)
* Unable to collect Multiple linear features simultaneously
* Requires additional extensions for post-processing (cost)

* ArcGIS Mobile (ESRI)

* No support for post-processing

* Not customizable

« Data export and import options are limited (via ArcGIS Server only)
*TerraSync (Trimble)

 Limited multiple linear feature collection capability

* Unable to set variable offsets along a feature

* Not customizable

» Check-out/in workflow with ArcSDE is not the best

*Other solutions ...
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Open Source Solutions

*More and more open source solutions are available, but nothing
meets our requirements.

*In the future, when they are more sophisticated, we might
reconsider this option or integrate some functionalities from them.

*If you are interested, this web page gives a list of open source
mobile GIS solutions:
http://wiki.osgeo.org/wiki/Mobile Solutions#Open Source

*Examples:
* Bluemapia — require internet
*gvSIG Mobile - Java
* JVNMobileGIS — require internet, Java
* Navlet - Java
e gpsDatalLogger - SuperWaba (Java like language)
« OSMTracker — require internet, VB.NET (Compact 2.0)
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Birth of RFIP Mobile

*Helpful articles on The Code Project on writing a simple GIS and
GPS application in .NET:

* http://www.codeproject.com/KB/mobile/WritingGPSApplicationsl.aspx
* http://www.codeproject.com/KB/mobile/WritingGPSApplications2.aspx
* http://www.codeproject.com/KB/GDI-plus/maps_map_net_gis.aspx
* A proof-of-concept prototype application (Sep — Oct 2008)
* One month (1 in-house developer time) to build
*Reads GPS signals
* Display points and lines on map
 Allow zoom in/out and pan
» Store new features in a database
*Development (Nov 2008 — Present)
1 developer, in-house, part-time
*Release schedule
* July — Aug: Final testing
» Sep: Production

A
7- Washington State
' ’ Department of Transportation



RFIP Data Collection/QA/Update Process

Goal




Mobile Database

» db4objects (db4o)
* Open source
* Object database

*Pros
* Ability to store .NET objects without conversion
« Easy to implement .NET object models
 Allows .NET native queries
* Very light weight (10 DLLs, 2 megabyte total)
» Mature developer community
» Developer forum

*Cons

» Does not support spatial data
Need to create a custom spatial data format
Need to create a custom spatial index

» Other Possible Option
* SQLite + SpatialLite with RTree module enabled
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Spatially Enabling DB40O (Data Structure)

*Created .NET object
model for point and
line feature storage
structure

* NET object model =
Database model
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Spatially Enabling DB40O (Spatial Index)

* Created Spatial Index for efficient feature
searching

*R-Tree (“R” = rectangle)

*Rectangle within
rectangle tree structure
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Spatially Enabling DB40O (Grid Index)

*Roadways

*Entire state = 6144 squares
(approx. 3.75 Mile square)
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Making Of The Background Layer

* DOT has created very detailed roadway GIS layer
using GPS (accurate to +/- 3 to 5 feet)

» Created cached images at 10 scales (34,081 PNG files)
for faster drawing at smaller scales

e \.\.\AAWork\RFIP\RFIPMobile\Demo\cache
» Grid index was created for faster search

 Split up the roadway by each grid and stored in the
database for faster drawing

SEPA N
-
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Exporting Data from ArcSDE to DB40O

*RFIP Toolbar
A custom extension to ArcMap written in C# with ArcObjects

*Back office tool for data collectors to QA collected data and now
for exporting data also

*Create a SDE version

*Select features and convert them
iInto .NET objects along with
attributes and store them in db4o

* Export ArcSDE domain keys and
values for dropdown list

*Create spatial index
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Displaying Map

*Use similar symbols as in ArcMap
«ZoOm in/out
*Pan

*Detail map of entire state
route system
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Displaying Map: How

*Project to state plane

» Features are already stored in the state plane
coordinates

* GPS points are in WGS 84 Used a function in Trimble

SDK to project  Probably use Proj4 in future.
*Envelope class

» Extent of data in memory R LRI :

e Matrix class
 Calculate the display coordinate in pixel
»Scale
o Shift
*Flips Y axis

* The origin (0, 0) of the device display is the top-left
corner while the origin of the state plane is the bottom-
left corner
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Displaying And Updating Attributes

e Attributes can be viewed
and updated in the field.

«SDE domain values are
exported as well, so user
can pick a value from
dropdown list. (Our
current software required
us to generate a separate
file with all values)
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GPS

*GeoXH internal GPS receiver + external
antenna

*Used Trimble GPS Pathfinder Tools SDK to
create SSF file for post-processing
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Geometry Editing

o Altering existing geometry
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Capturing New Features

«Start GPS and get the first vertex
*Select a feature type

from the dropdown

list (The list comes

from a table in

database)

*Fill in the attribute

o|f line feature, select
what to do next
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Demo

* Multiple Linear Feature Collection
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Post-processing and Checking in Data

*Post-process GPS points (Trimble Pathfinder Office)

* Might include post-processing functionalities to RFIP Tools using Trimble
GPS Analyst Extension

* Apply post-processed coordinates to features (RFIP Tools)
*Update SDE version based on updated mobile data (RFIP Tools)
 Picture association (RFIP Tools)

eData QA (RFIP Tools)

*Reconcile and post to the production SDE version (RFIP Admin
Tools)
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Summary

*Does not require a degree in rocket science to build a custom
mobile GIS application.

It took less than a year of a part-time developer time to develop
and implement.

*Might not look fancy, but it meets the business needs without
compromise.

* Allows maximum flexibility in meeting expanding and changing
business needs.

* Quick turn around time for bug fixes.
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Questions & Comments

Contact: Masao Matsuoka
(matsuom@wsdot.wa.gov )



