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Introduction and Project Purpose

The ESRI and Xplore Technologies Mobile Government Demonstration Project Grant
Program has been invaluable to Caltrans District 11 in our efforts to explore Mobile GIS
technology for disaster preparedness/emergency response and asset management efforts.
The ability to use ArcGIS Mobile technology in tandem with ArcGIS Server and Image
Services demonstrates a powerful, integrated application suite for rapid data collection,
delivery, and information sharing.

Through this grant, the Caltrans District 11 Mobile GIS Pilot Project developed two
applications to demonstrate the effectiveness of Mobile GIS technology in collecting and
delivering real-time geospatial data by utilizing portable devices and Web mapping services.
The first application uses an ArcGIS Mobile project to collect key asset information of Traffic
Operations field elements, such as closed circuit T.V. cameras, changeable message signs,
and vehicle detection sensors. The second project is an ArcGIS Web application with
geoprocessing tasks to collect real-time bridge damage assessment data during emergency
response situations.

Mobile GIS Pilot Project System Specifications

Server Hardware:

Workstation/Server — Hewlett-Packard xw4300 Workstation

Operating System — Windows XP Professional, version 5, service pack 2
Processor — Intel Dual Core, Pentium 4

Memory/RAM — 2 GB RAM

CPU Speed — 2.9 Ghz

Server Software:

ArcGIS Server 9.3 Enterprise Advanced
ArcGIS Mobile 9.3

ArcSDE Enterprise 9.3

Microsoft IIS, version 5.1

Microsoft ActiveSync, version 4.5
Microsoft SQL Server Express 2005

Mobile Devices:

Trimble GeoXH with Windows Mobile, version 5.0

Xplore Technologies Rugged Laptop ix104C3-plus with Microsoft Windows XP Tablet PC
Sprint Mobile Broadband (Sierra Wireless Compass 597/Qualcomm 3G)

Cisco Systems VPN 5.0.4




Project Concept 1

Mobile CMS Project — Data Collection for Caltrans Traffic Operations Changeable
Message Signs (CMS)

Current Practice:

Currently, the standard business practice used by the Traffic Operations Division for field
elements asset management is to maintain their inventory with Excel spreadsheets. The
tabular data of the various field element types are maintained by different functional units
within the Traffic Operations Division, depending on the field element type and its status
(e.g. planned, under construction, operational). Maintaining the inventory with spreadsheets
has been standard practice due to the limited expertise in both GIS and GPS data collection
within the functional units. Though a fairly effective method of record keeping, the datasets
are only geospatially enabled when geographic coordinates or county, route, and postmile
values are included for each element.

The District 11 GIS unit has been responsible for creating geospatial data and mapping for
the Traffic Operations Division. The primary method for generating data is to use the
Caltrans Postmile Toolbar, a customized ArcGIS Desktop linear referencing application.
Caltrans datasets have three key attributes: county, route number, and postmile value. With
these three items, the data can be processed through the Postmile Toolbar which creates
the linear or point events and a feature attribute table. Due to factors such as incorrect data
entry of postmiles, imprecision in the postmile system, and other limitations within the
Postmile Toolbar, the output may or may not be accurate enough for the intended use,
particularly for engineering purposes. Data generated using the Postmile Toolbar requires
extensive data checking and manual editing.

Previous attempts by the Traffic Operations Division to create and maintain an accurate
geospatial database of the field elements included the collection of some existing and
planned field element locations with GPS units. However, the methods and standards (or
lack thereof) led to data with limited utility. Further, the transitory nature of employees within
the Traffic Operations Division (due to job rotations, attrition, etc.) posed significant
challenges in terms of staff expertise, project priorities, and continuity. Another challenge is
the lack of resources — collecting field element data locations using GPS technology is a
labor intensive process. Field personnel need to work very close to the travelway, and
spend a significant time in the field for the data collection, and additional time processing
and maintaining the data.

Mobile CMS Project Concept:

The use of Mobile GIS technology is an attractive option to maintain and update the Traffic
Operations field elements database. Mobile GIS technology resolves the inability to collect
GPS data in the main lanes of traffic without closing the road, it does not rely on county,
route, and postmile values to create geometry, and additions and updates can be seen in
real-time on a Web mapping application.



The basic workflow in designing and testing the Mobile CMS Project was to:

1. Develop an ArcSDE versioned geodatabase for the field elements;

2. Author and deploy a mobile project with basic GIS functionality for a data creation
client;

3. Collect feature locations and attribute data with mobile device;

4. Post updates to the server;

5. View mobile updates on the intranet Web application.

A mobile map service was authored and included roads, city boundaries, postmile points,
and annotation. Because ArcGIS Mobile 9.3 does not support the Windows Tablet PC
operating system, we deployed the mobile project to a Trimble GeoXH GPS unit with
Windows Mobile and not the tablet PC that was provided with the grant.

Testing the mobile project was somewhat constrained by the Caltrans Information
Technology (IT) network. The current IT policy does not allow us to test an internet based
Mobile GIS Web service outside on the firewall. Therefore, we were unable to connect to
our internal research and development server which hosts ArcGIS Mobile while
disconnected from the network. We were able, however, to test our mobile project internally
in a laboratory environment with the mobile device hard-wired into the network. It quickly
became evident that the mobile project needed aerial imagery in order to increase the
precision of the CMS locations entered into the geodatabase via the mobile device. We
added an image service, created using the ArcGIS Image Server Extension, of a segment
along Interstate 15 from State Route 52 to Carroll Canyon Road. This created a 9.55
megabyte mobile service cache (.bin) file of the imagery. This was an effective solution,
although limited by the small memory on the mobile device.

Workflow for Mobile Data Collection:

Author mobile map service (with image service)
Publish mobile map service
Configure mobile project
Deploy mobile project data collection client to mobile device
Collect data in the field
Post field-collected data to SDE geodatabase
QA/QC field updates and data reconciliation
Use data collected by mobile project
* Updates available for viewing on intranet Web application
* All District stafffmanagement have access to up-to-date information on assets
* Use updated field elements information to create hardcopy maps as needed
9. Update mobile map service with area of interest image service for data updates in
various areas, and loop back through mobile data collection steps 1-8...
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Mobile CMS Project — Workflow Diagram:
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Mobile CMS Project Summary:

In summary, Mobile GIS data collection is an effective workflow for maintaining and updating
the Traffic Operations field elements database. One drawback to the mobile approach is
that elements cannot be moved or deleted via the mobile project. But because attributes
can be edited, features can be flagged in the field and noted what action should be taken
(e.g. move or delete the feature) during the QA/QC and data reconciliation step of the
workflow. Another constraint to the mobile approach is the small size of physical memory on
mobile devices. This limits the amount of data which can be used in a mobile project. If
imagery is needed, the area of interest can be cut and put into an image service, and the
mobile project re-deployed prior to field work.



Project Concept 2

Mobile Bridge Inspection Tool — Rapid Delivery of Bridge Inspection Information

The Caltrans Mobile Bridge Inspection Tool was developed to assist District personnel
during and after a major regional emergency or disaster event, such as a wildfire or
earthquake. Obtaining information about critical infrastructure is vital to ensuring the rapid
and efficient response to first responders, evacuees, traffic control personnel, and repair
crews. The need for this type of a tool is a direct outcome from the 2003 and 2007 San
Diego regional wildfire events. Though this particular application focuses on the bridge
inventory for the State highway system, the concept is applicable to any critical infrastructure
element for which expedited damage assessment information is crucial to maintain the
integrity of the transportation system.

Current Practice:

Field inspection crews are mobilized to inspect bridges or other assets immediately after an
event. Though bridge closures are put in place immediately for catastrophic failures, other
structures may have damage that is not immediately evident to first responders or traffic
control personnel (such as CHP or Caltrans Traffic Management), and need to be thoroughly
inspected for structural integrity. Bridge condition information is vital across the region to
ensure that emergency response, evacuation routing, and heavy equipment mobilization is
done in a safe and expedited manner.

Damage assessment data is logged into a hardcopy form, and information forwarded to
appropriate management and staff via radio, e-mail, and telephone. The ability to select a
bridge point feature, input the current condition, status and necessary repair measures, and
post the information in real time through a Web map service would be a significant
technological and process improvement. Additionally, the ability to notify repair crews
electronically of the necessary type and quantity of materials, and workforce needed to
effect repairs would streamline the mobilization of repair crews, and ultimately, facility
reopening.

Mobile Bridge Inspection Tool Concept:

The project concept included the creation of an ArcSDE geodatabase of the Caltrans Bridge
Layer. This shapefile dataset, which contains the location, name, bridge number, type and
other key information related to each structure on the state highway system, was imported
into an ArcSDE geodatabase. Additional attributes for the inspections were added, including
inspector name, status, condition, ranking, and a date/time stamp. The Mobile Bridge map
service was then created that included base features, state highway centerlines, arterial
roadways, postmile marker points, an ArcGIS Image Service (regional dataset) and the
ArcSDE bridge feature class.

The Mobile Bridge Inspection Tool Web application includes a geoprocessing task allowing
the selection of bridge points and the update of key attributes. The Web application is
accessed using the Xplore Tablet PC, connected to the internet with the Sprint Mobile
wireless broadband card. The Caltrans intranet is accessed using Cisco Systems VPN
5.0.4. Once connected, the inspector/user accesses the Mobile Bridge Inspection Tool via
the URL. After bridge inspections are conducted, the user is prompted to save the edits.
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The symbology is updated on-the-fly to reflect the status of the bridge (open or closed). The
information is posted to the map service in real-time, and users can view, query, and search
the map through a standard Web browser.

Workflow for the Mobile Bridge Inspection Tool:

1.
2.

3.

Author and publish map service (with image service for the San Diego region)
Create and deploy Web application with geoprocessing, search and query
functionality
Field data collection via Xplore Tablet PC

a. Connect to internet using Sprint Mobile Broadband Card

b. Login to Caltrans Intranet via VPN client

c. Perform mock bridge inspections
Save edits to ArcSDE geodatabase
View changes in the field, with confirmation by office staff viewing Web map service
Move to next site and loop back through mobile data collection steps 1-5 (steps 3.a-b
only if necessary to reconnect)

Mobile Bridge Inspection Tool — Workflow Diagram:
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Mobile Bridge Inspection Tool Summary:

As tested, the tool demonstrates that Mobile GIS technology is not limited specifically to the
use of ArcGIS Mobile. This particular configuration was very similar in approach to the
Mobile GIS tool tested during the 2008 Golden Guardian/Shakeout event. Though at this
point there is a limitation due to the application being inside the Caltrans firewall, future
efforts to develop applications accessible via the internet, with access control, will be
explored.

Ultimately, with further development, there is the potential to generate e-mail updates, task
orders and routing information based on the updated bridge status (or other Caltrans assets
and facilities). This type of information could also be used in tandem with highway facility
inspection information to improve coordinated detour routing and evacuation plans.

Conclusion

The primary goal of the grant was to implement a Mobile GIS pilot application from which the
District would develop best practices and standards for a sustainable, long-term program.
An important aspect in our testing was to use Mobile GIS technology as it was intended —
collect data in-the-field and post updates to the server in real-time. We accomplished this
goal by successfully deploying two solutions, the Mobile CMS Project and the Caltrans
Mobile Bridge Inspection Tool.

Constraints within the current IT network hampered disconnected (wireless) testing of the
ArcGIS Mobile CMS Project. However we proved that the ArcGIS Mobile tool and workflow
does function as expected. We feel that this concept is an effective alternative solution to
maintaining an accurate asset inventory of Traffic Operations field elements as well as other
Caltrans field assets.

We were successful in implementing an in-the-field editable ArcGIS Web application, the
Caltrans Mobile Bridge Inspection Tool. This type of solution can be effective for emergency
response/disaster preparedness purposes, as well as for asset management. The ability to
post real-time results, during regional emergency situations will improve the efficiency of
field inspectors, repair crews, and traffic management teams. Further, it can improve the
Department’s effectiveness in mobilizing staff, and sharing vital information with our
partners, the media, and the general public.

The Mobile GIS Pilot Projects also identified some key next steps that warrant investigation.
Future integration with crucial notification and response systems, such as the County of San
Diego WebEOC and the Caltrans/USGS Shakecast applications can be beneficial. Utilizing
the Mobile Bridge Inspection Tool together with Shakecast can streamline the identification
of structures most likely to sustain damage, accelerate strategic mobilization of damage
assessment teams, and improve the flow of information to traffic management teams, repair
crews, management, media, and the general public. Developing a process for direct data
transmittal to the County’s WebEOC will further improve the dissemination of information to
the region.

In closing, this initiative enhanced our current capabilities in the development and delivery of
critical state highway infrastructure information by placing state-of-the-art tools into the
hands of District 11 GIS staff and field inspection crews. By implementing this pilot initiative,
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the District demonstrated the effectiveness of Mobile GIS technology in maintaining an
organized, efficient, and integrated approach to the management of key assets for daily work
flow processes and emergency response preparedness. Finally, the grant initiative helped
identify key areas for improvement related to IT infrastructure, internal coordination, and
resource investments that need to be addressed in order to fully implement and maximize
the use of Mobile GIS technology.

ArcGIS Server, Image Server, and Mobile GIS Workflow:
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