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Mobile Scanning – Cost and Benefit Analysis Caltrans District 4 Doyle Drive Project

San Francisco, CA – December 2009

Caltrans District 4 (San Francisco Bay Area) Field Surveys is seeing an increase in request for use of Mobile Terrestrial Laser Scanning (MTLS) on projects on the State Highway System (SHS).  These requests are coming from Local Agencies, consultants, and internal Caltrans professionals.  Because of the increase in the requests for the use of MTLS it has become necessary to evaluate the costs and benefits of the use of this emerging technology.

MTLS is an emerging technology that combines the use of a laser scanner(s), the Global Navigation Satellite Systems (GNSS), and an Inertial Measurement Unit (IMU) on a mobile platform to produce accurate and precise geospatial data.  However, is the use of MTLS cost effective?  Does its use provide benefits that current systems do not provide?

In order to evaluate these questions a suitable project was needed that would allow D4 Surveys to employ this technology and then to subsequently evaluate the results.  This opportunity presented itself on the Doyle Drive Project.

Doyle Drive Project

The existing south access road to the Golden Gate Bridge, known as Doyle Drive or Route 101, is structurally and seismically unsafe and must be replaced.  The roadway is facing the same problem that threatens other parts of our nation’s infrastructure – the ravages of time and continual use.  Originally built in 1936, Doyle Drive has reached the end of its useful life.

The Presidio Parkway was unanimously identified as the Preferred Alternative for the Doyle Drive replacement.  

The Presidio Parkway is a world-class design to replace the existing roadway that, when constructed, will improve the seismic, structural and traffic safety of Doyle Drive.  The project will create a roadway that reduces impacts to biological, cultural and natural resources; respects the project setting within a national park, the National Historic Landmark District and surrounding neighborhoods; meets community needs; and provides a safer roadway.

Caltrans District 4 Field Surveys was asked to survey the existing structure for an original use of being incorporated into a 3D/4D/BIM model of the project.   However there were several mitigating factors that made it difficult to perform conventional surveying on Doyle Drive.

The mitigating factors included:


Restricted Raised Corridor Access 


Traveling Public Impact


Worker Safety Risk


Site Control Densification


Lane Closures


Associated Traffic Awareness Equipment Cost


Restricted Work Hours


COZEEP (Construction Zone Enhanced Enforcement Program) Availability and Cost


Survey, Processing and Product Delivery Cost


Public Information Officer Cost

In addressing the above project surveying issues Caltrans District 4 Field Surveys focused on finding new ways to perform specialized surveys that result in an increase in employee safety, a decrease in product cost, and expedited project delivery. Under the existing District 4 Contract 04A3237 the D4 Surveys asked the consultant Psomas to help implement the use of MTLS and innovative management techniques for the work process.   

The following portion of the cost and benefits analysis will focus on the standard terrestrial survey approach, and then the mobile scanning approach. It will then compare the cost of each and the benefits of the mobile scanning technology.

Standard Terrestrial Topographic Surveys:

Under the standard terrestrial topographic survey approach, Psomas would have followed the Caltrans standards and manuals for survey and mapping under the direct supervision of Mr. Tom Taylor, Branch Chief Surveys Coordination and New Technologies, District 4.  The following are the summarized survey procedures and tasks, along with an estimated duration and cost by task:     


Project Managers Meeting – Review project goals, schedule, constraints, deliverables and safety 


Task request and project task planning – Mission planning based on task request, control data and safety needs


Research, office preparation – Site documentation, control data acquisition, mobilization outline and field package assembly 


Site safety coordination – Lane closures, PCMS (Portable Changeable Message Signs),COZEEP (Construction Zone Enhanced Enforcement Program), Public Information Officer and site access constraints/controls


Mob and De-Mob – Field operations equipment and staff mobilized from dispatch portal to the project site and back


Field Site Horizontal and Vertical Control Densification together with processing – the control would be densified on the easterly side of Doyle Drive with very limited access


Site Topographic Survey – with site GGB District lane access constraint, the cross-sectional data would be gathered in a profile format with individual lane closures to facilitate gathering surface features across Doyle Drive


Post processing of the field data and the development of DTM surface files. Cross-sectional data derived from interpolated DTM files


Develop project topographic data files and hardcopy deliverable – The data file will contain only the physical feature points collected specifically for the topo task directive

	Standard Terrestrial Topographic Surveys

	Task
	Duration
	Cost

	Project Managers meetings 
	8 Weeks
	$5,000

	Task request and project task planning
	1 Week
	$2,000

	Research, office preparation 
	1 Week
	$2,000

	Site safety and coordination 
	6 Weeks
	$64,000

	Mob and De-Mob field operations
	
	$0

	Field Site Horizontal and Vertical Control Densification 
	1 Week
	$6,000

	Site Topographic survey 
	3 Weeks
	$45,000

	Post processing  
	2 Weeks
	$4,800

	Develop project topographic data files & hardcopy deliverable
	2 Weeks
	$4,800

	  
	Subtotal
	$133,600

	Impact to City of San Francisco and Traveling Public *
	3 Weeks
	$102,000

	
	TOTAL
	$235,600


*Based on information provided by Caltrans District 4 Right of Way and the Division of Operations, Office of Traffic Management Plans.

Mobile Terrestrial Scanning Topographic Surveys:

Under the existing District 4 Contract 04A3237, Task Order #6, the department asked the consultant Psomas to implement the use of Mobile Scanning and innovative management techniques for the work process to complete the survey data acquisition for this portion of the Doyle Drive project. This was done under the direct supervision of Mr. Tom Taylor, Branch Chief Surveys Coordination and New Technologies, District 4. 

Psomas with their subconsultant WHPacific utilized a LYNX Mobile Mapper survey solution. A tight bundled compact lidar sensor and control system with a mounting platform to house various components to maintain alignment of the sensors and navigation equipment. These include a precision IMU, GPS antennae and a Distance Measurement Unit (DMU) to enable automatic geo-referencing of points and control drift errors during GPS outage. This survey grade lidar can collect data at over 100,000 measurements per second with a 360 degree field of view, while maintaining a class 1 eye safety rating. The exchangeable mounting platform allows for mounting on a street vehicle, all terrain vehicle, rail vehicle or marine craft. 

The following survey procedures are summarized for Mobile Scanning as to task effort:     


Project Managers meetings – Review project goals, schedule, constraints, deliverables and safety 


Task request and project task planning – Mission planning based on task request, control data, traffic flow, GPS horizons and safety needs


Research, office preparation – Site documentation, control data acquisition, mobilization outline and field package assembly


Site safety coordination – COZEEP (Construction Zone Enhanced Enforcement Program) and site access constraints/controls 


Mob and De-Mob – Field operations standard terrestrial equipment and staff mobilized from dispatch portal to the project site and back. Mobile scanning equipment mobilization from current location to project site


Field Site Horizontal and Vertical Control with ground confidence point data acquisition together with post processing – the GPS control would be collected real-time during data acquisition and confidence points utilized during point cloud sanitation process


 Site Topographic Survey – Real time data collection without impact of lane closures at traffic speed, HD video imaging collected during daylight hours at traffic speed. Ground confidence point survey acquired by static scanning or terrestrial reflectorless Total stations and Digital leveling


Post process sanitizing of the point cloud files. Control orientation and ground confidence verification. Establish sanitized base point cloud files


Develop sanitized point cloud data files to match project specific limits


Digital deliverable – Prepare a geo-referenced point cloud (a three dimensional shape) of the collected data. The data files will contain all the acquisition information within 100 meters, however maximum precision is maintained up to 40 meters from the scan head

Cost Comparison Review with Impact Cost:

	Mobile Scanning Terrestrial Topographic Surveys

	Task
	Duration
	Cost

	Project Managers meetings 
	4 Weeks
	$3,500

	Task request and project task planning
	1 Week
	$3,000

	 Research, office preparation 
	1 Week
	$1,600

	Site safety and coordination 
	1 Week
	$3,500

	Mob and De-Mob field operations
	1 Week
	$11,500

	Field Site Horizontal and Vertical Control
	1 Week
	$3,000

	Site Mobile Scanning Topographic Survey 
	3 Days
	$30,100

	Post process - sanitize point cloud 
	2 Weeks
	$6,800

	Develop sanitized point cloud data file deliverables
	2 Weeks
	$4,800

	 
	 
	 
	TOTAL
	$67,800


	Cost Comparison Standard Surveys vs. Mobile Scanning



	  
	Standard Surveys
	Mobile Scanning

	Task
	Duration
	Cost
	Duration
	Cost

	Project Managers meetings 
	8 Weeks
	$5,000
	4 Weeks
	$3,500

	Task request and project task planning
	1 Week
	$2,000
	1 Week
	$3,000

	Research, office preparation 
	1 Week
	$2,000
	1 Week
	$1,600

	Site safety and coordination 
	6 Weeks
	$64,000
	1 Week
	$3,500

	Mob and De-Mob field operations
	
	$0
	1 Week
	$11,500

	Field Site Horizontal & Vertical Control Densification
	1 Week
	$6,000
	1 Week
	$3,000

	Site Topographic Survey 
	3 Weeks
	$45,000
	3 Days
	$30,100

	Post processing  
	2 Weeks
	$4,800
	2 Weeks
	$6,800

	Develop project topographic data files & deliverables
	2 Weeks
	$4,800
	2 Weeks
	$4,800

	
	Subtotal
	$133,600
	Subtotal
	$67,800

	Impact to City of San Francisco and Traveling Public *
	3 Weeks
	$102,000
	0
	$0.00

	  
	TOTAL
	$235,600
	TOTAL
	$67,800


*Based on information provided by Caltrans District 4 Field Surveys and the Division of Operations, Office of Traffic Management Plans.

Benefits:

The comparative cost on the above schedule reflect the following cost savings and task benefits/betterments between a standard terrestrial topographic survey data acquisition and the mobile scanning data acquisition, as completed under Contract 04A3237, Task Order #6:


Project Management – The Mobile Scanning data acquisition and processing significantly reduced the schedule duration of management functions by 4 weeks, thereby reducing the cost by approximately $1,500 as compared to the Standard terrestrial topographic survey.


Task request and project task planning – Task request required approximately the same effort for both approaches, however the task planning for Mobile Scanning required additional efforts for the associated Primary control outside local site control, mobilization, acquisition timing, site condition review for GPS, traffic flow and COZEEP.  These efforts increased the cost approximately $1,000 with minimal effect on the one week schedule, as compared to the Standard Terrestrial Survey.


Research and office preparation – Research efforts and office preparation cost were reduced due to reduced need for: site access; on-site control; traverse control downloads; site documentation duplication; and staff resource planning for the additional time required by the standard terrestrial survey procedures. The cost saving was approximately $400 for this project while the same one week schedule was required for both approaches.


Site Safety and Coordination – Site Safety and Coordination cost and time were significantly reduced by the removal of both the lane closures requirements and the need to collect the site terrestrial topography by standard terrestrial crew methods. The result was a reduction of terrestrial crew and traveling public exposure to risk, from 6 weeks to only a few hours (over three days) in the low risk operating hours. The only traffic safety need was a COZEEP (Construction Zone Enhanced Enforcement Program) unit for a few hours to follow the data acquisition vehicle during the low risk corridor operational hours. The video acquisition was performed at traffic speed during regular corridor daylight operational hours with no additional risk to the crew or the traveling public. The cost was reduced from $64,000 to $3,500, a savings of $60,500.


Mob and De-Mob – The standard terrestrial survey procedure would not incur these costs for this project. The Mobile Scanning procedure required that the data acquisition vehicle and its crew be mobilized to San Francisco. This effort required an increase of one week to the schedule at a cost of $11,500.  There are very few mobile scanners in the USA and they could be at work anywhere in the nation. Mobilization will be one of the few additional cost items related to Mobile Scanning over standard terrestrial surveys over the next few years until additional scanners are available throughout the State.


Field Site Horizontal and Vertical Control Densification – Control densification would be required for the standard terrestrial survey procedure and was not required for the mobile scanning primary control, but the mobile scanning process requires a set of ground confidence points for quality control and point cloud network adjustments. Comparing the two methods resulted in a cost savings of approximately $3,000 using Mobile Scanning for this project, while the same one week schedule was held for both approaches.


Site Topography Survey – Site Topography cost and time was significantly reduced by the removal of field terrestrial topography survey acquisition. Topographic data acquisition was completed with the Mobile Scanner unit within a few hours over two days during the low risk corridor operational hours. The result was a reduction of terrestrial crew and traveling public exposure to risk from 3 weeks to a few hours over two days in low risk corridor operating hours. The only terrestrial crew and traveling public exposure to risk was a single Caltrans field crew unit for a few hours over a day to acquire ground confidence points along a parapet wall outside the travel lane within the corridor. The cost was reduced from $45,000 to $30,100, a savings of $14,900.


Post Processing – Post processing for this project required an increase in a spatial data specialist cost over standard terrestrial survey cost while the same two week schedule was required for both approaches. This can be a variable task effort cost that depends on several factors that would include, among others:  deliverable requirements; GPS capabilities; surface and site conditions; data tolerances; and site access for confidence point locations. The cost was an increase of $2,000 from $4,800 to $6,800 for mobile scanning post processing.


Development of the project topographic data files and deliverables – The standard terrestrial survey post process deliverable for this project would include:  an adjusted set of x, y, z data files; control and point hardcopy plots; set of field notes; and site photographs of all points and conditions that the field party chief encountered based on his/her understanding of the task order survey request. The Mobile Scanned point cloud deliverable includes sanitized (noise, alignment parallax, control/registration verification, ground confidence point constraining and quality control checks) point cloud files with geo-referenced digital image files. These files deliver 3-D point data on all the improvement and natural surfaces visible to the eye with design grade data to project tolerance within 40 meters of the scan head.  No interpretation is required by a field crew party chief as to what to locate. The cost of $4,800 and schedule of two weeks was approximately the same for both approaches.


Impact to the City of San Francisco and Traveling Public – The Mobile Scanning process for this project has no impact to the City of San Francisco or the traveling public due to no lane closure requirements. The Standard terrestrial survey procedure would require 3 weeks of lane closures over the data acquisition process resulting in a direct impact to the City of San Francisco and traveling public resulting in a projected revenue loss of $102,000 (this figure based on information provided by Caltrans District 4 Right of Way).

Conclusion:

The mobile scanning technology was able to meet and exceed the data tolerances set for the Doyle Drive project. The deliverable was to meet study grade accuracy and was found to provide design survey grade data.  As the above review shows the direct saving for the survey task under Task Order #6 was $65,800.  If the impact cost to the traveling public of $102,000 is added to the direct savings the total saving was $167,800. With day or night data acquisition capabilities linked with reduction in data acquisition and the deliverable schedules, the mobile scanner can bring additional saving in the overall project design and construction contract schedules.

Additionally, the mobile scanner collects a full 360 degree field of view, up to 40 meters from the scan head within project tolerances, thereby providing data files that offer additional benefits.  For example, this data can be “mined” and processed at future dates to provide additional topographic mapping, digital terrain models, GIS data, asset data, and other survey and mapping products. This data can also be mined for uses by Planning, study and presentation exhibits, and public awareness information without additional field survey crew trips to the site. 

Mobile Scanning, with proper procedures and data processing by experienced surveyors, can improve safety and productivity while providing fast, accurate and cost effective survey deliverables.

Carbon Footprint Note:

Utilizing the standard terrestrial topographic survey, this project would require 6 weeks of 4 PCMS (Portable Changeable Message Signs), 3 to 4 weeks of multiple survey vehicles, lane closure vehicles, COZEEP (Construction Zone Enhanced Enforcement Program) vehicle trips, Safety Officer and manager vehicle trips, and 3 to 4 weeks of traveling public congestion due to lane closures. The Mobile Scanning process eliminated the need for lane closures, PCMS, traveling public congestion, while significantly reducing the COZEEP, Safety Officer and Project Manager Vehicle trips. The data acquisition was reduced to a few hours over three days. The result was a radical reduction of the Carbon Footprint
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