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Abstract 
Utilizing mobile LiDAR (Light Detection & Ranging) technology in a non-GPS environment to provide 3D 
mapping of rail infrastructure systems and the physical facility features without disrupting passenger 
service or daily maintenance operations in the busiest rail facility in the U.S.    
 
Amtrak’s New York Penn Station (NYPS) has challenged conventional surveying and mapping 
technologies for years to produce a single, continuous, mapping data set throughout the entire facility with 
data accuracies of a ½” or better. The unique 3D mobile LiDAR solution developed utilized some the most 
advance surveying technologies and applications currently available.  
 
New York Penn Station, the “Facility” 
NYPS is the main intercity railroad station located in Midtown Manhattan.  The station is located entirely 
underground beneath Madison Square Garden with its 21 tracks, 2 storage yards, 4 lead tracks to 
Hudson Yard, 11 platforms, and 7 connecting tunnels.  The facility spans from the station side portals of 
the 2 Hudson River tunnels, through the station’s 21 tracks, and 11 platforms to the station side portals of 
the 4 East River tunnels. The linear distance of the facility from portal to portal measures approximately 
3,500 feet but within the underground facility more 18 miles or track infrastructure exist.   
 
Much of the track infrastructure with NYPS is referred to as “complex” or “special” track work. From the 
interlockings, ladders and crossovers the complex track work provides the needed track movements 
required to get trains and their passengers through the station efficiently. 
     
NYPS Surveying and Mapping “History” 
Numerous conventional surveys have been completed within NYPS. 10 to 15 years ago conventional 
surveying within NYPS gave way to terrestrial LiDAR (tripod scanning).  The countless surveys from 
conventional survey methods and tripod scanning have one common denominator, not one of them was 
of the entire NYPS facility, only pieces and parts were surveyed as needed.   
 
As time pasted several attempts were made to try and stitch the survey pieces together but because 
there wasn’t a technical common thread between any of them the attempts at compiling a single accurate 
survey of NYPS was never successfully completed. 
 
Within the past decade an attempt was made by a mapping consultant specializing in aerial LiDAR to 
acquire mobile LiDAR within NYPS.  Planning documents were drafted, reviewed and approved, RWP 
safety training was completed, and Amtrak Flag protection was scheduled.  Within an hour of starting field 
work the attempted failed because the hi-rail vehicle carrying the mobile LiDAR system had to stop and 
hold at a signal until train traffic cleared.  The mobile LiDAR system wasn’t integrated with positional 
sensors that would account for starting and stopping while underground.  The idea of mapping NYPS in 
3D utilizing mobile LiDAR technology was abandoned until 2017 when Amtrak scheduled the replacement 
of an interlocking during the summer. Commuters dubbed the project “The Summer from Hell” due to the 
train schedule disruption. 
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During the summer construction of the interlocking challenges arose between the survey data acquired 
for the interlock being replaced and the newly manufactured track components being installed not fitting 
properly.  It was at this time the idea of performing a 3D mobile LiDAR survey throughout NYPS came 
back into focus for Amtrak. 
 
Top Priority “Safety” 
Amtrak has 2 top priorities: 

• Safety to its workers, and  
• No disruption to revenue train service 

 
All personnel involved in on-site surveying and mapping operations within NYPS need to successfully 
complete Roadway Worker Protection (RWP) training prior to performing any work on site, and extensive 
project planning would be required to develop a “Site Specific Work Plan” (SSWP) outlining all field 
surveying operations to dove tail with the revenue train schedule and the scheduled maintenance 
operations within NYSP.  The SSWP would need to be written in layman’s terms providing a detailed 
outline of the work to be performed during each shift, the number of surveyors performing the work, and 
the spacing between surveyors in and around the track infrastructure so that Amtrak could provide the 
required RWP protection for all field operations, including on-track hi-rail operations. 
 
The Technology “Challenge” 
Provide 3D mobile LiDAR data in an environment where GPS signal cannot be acquired.  Mobile LiDAR 
technology relies on GPS signal data to accurately position the mapping data the system acquires.  Most 
commercial mobile LiDAR systems integrate two additional sensors to aide in positioning the data being 
acquired. The first is an Inertial Measurement Unit (IMU) recording hundreds of vehicle movements per 
second using accelerometers and gyroscopes, the second is a Distance Measurement Indicator (DMI) 
which computes wheel rotation information.  The data from these additional sensors allows mobile 
mapping data to be post processed accurately during times when no GPS signal can be acquired. The 
question remained how long can a mobile mapping system acquire data without GPS signal?   
 
Through industry standard practices and experiences its known that mobile LiDAR systems can operate 
without GPS signal data from a few seconds to several minutes.  Mobile LiDAR system manufactures 
responded that the systems could theocratically operate without GPS signal data for 30 to 40 minutes but 
the circumstance would require a significant survey control effort to align the LiDAR data in post 
processing and the LiDAR system would need to acquire GPS signal data for extended periods of time 
prior to and immediately after working in an environment where GPS signal isn’t available. With limited 
real-world experience to work from the only the only true way to find out the maximum time line to work 
without GPS signal data was to run extensive tests simulating the condition. 
 
Mobile LiDAR Technology “Testing” 
Simulating the environment where GPS signal isn’t available turned out to be easier task than initially 
thought.  Instead of looking for an underground facility where testing could be performed the testing 
solution turned out to be as simples as covering the LiDAR system’s GPS antenna with tin foil to eliminate 
the GPS signal from being acquired, meaning anywhere the hi-rail vehicle could be driven was a testing 
site. Thus, allowing all facets of hi-rail operations to be tested, starting, stopping, extended stop times, 
driving forward, backwards, and at variable speeds between 5 and 15 mph could all be tested.  
 
The “tin foil” testing began in earnest in a small town in northern Michigan where HNTB’s LiDAR partner 
resides.  Testing followed industry standard practices of collecting 5 minutes of  
GPS data prior to and at the end of each data acquisition run.  Through project experiences working in 
railroad tunnels for another Northeast Corridor Transit Agency a few years earlier our team knew we 
could accurately acquire and process data underground with no GPS signal for up to 40 minutes.   
 
With advances in positional sensor technology (GPS, IMU & DMI) the goal of the testing was to see how 
much longer the time could be extend beyond 40 minutes.  Numerous tests runs were conducted to 
establish the maximum time the mobile mapping system could operate without GPS signal data.  Each 
set of data acquired during the test runs was processed to validate the information and to ensure results 



were repeatable.  The results of the testing established that the mobile LiDAR system could operate for a 
little over an hour acquiring 5 minutes of GPS signal data at the beginning and ending of each data 
acquisition run. 
 
Developing the “Project Plan” 
Conventional Survey Control and Scan Targets: 

 
All survey and mapping projects require a survey control network of reference points to define the 
project’s horizontal and vertical datum, NAD83, NAVD88, UTM, etc.  Additionally, LiDAR mapping 
applications use “target” points to mathematically stitch the data sets together. Target points are 
set at predetermined distances and locations through a project and surveyed into the control 
network. The target points are marked with highly reflective materials, so they stand out boldly in 
the LiDAR data.  Each track within NYPS would be considered a separate data set, track files are 
melded together using the target points to build the overall data set of the project, or what is 
commonly referred to as the “point cloud” for the project.  The NYPS conventional survey plan 
called for approximately 24 survey control points and 120 scan targets.  

 
Terrestrial LiDAR operations: 

In efforts to reduce the number of scan targets needed and to ensure data accuracies terrestrial   
LiDAR (tripod scanning) was included in the work plan.  Across the LiDAR industry technology 
advances and applications had begun utilizing terrestrial LiDAR data to calibrate and adjust 
mobile LiDAR data.  The theory of using terrestrial LiDAR with mobile LiDAR is based on 
calibrating data to “surfaces” (also referred to as “planes”) instead of single target points.  Project 
environments are full of visible surfaces and planes from columns, walls, and platforms, to utility 
boxes, cabinets and structural steel, all having a defined surface that LiDAR data captures very 
accurately with hundreds or thousands of points. The work plan outlined terrestrial scanning be 
conducted both on the station platforms and at track level at key locations throughout the facility.     

 
Hi-rail operations: 

Upon completion of the conventional survey operations the hi-rail scanning operations would 
begin.  Having defined the time line for mobile LiDAR data acquisition without GPS signal a plan 
was developed for the hi-rail vehicle to resurface from NYPS to street level every hour to acquire 
GPS signal data.  Through track charts and other information provided by Amtrak, every mainline, 
crossover, yard and siding track length was developed. Once the total number of track miles and 
the individual track lengths were developed, the tracks were divided into groups based on time 
using an average hi-rail speed of 5 mph.  To ensure data coverage each track would be driven 
twice.   

 
The next item needed was a launch site for the hi-rail vehicle, an above ground truck pad location 
to put the hi-rail vehicle on the tracks and access NYPS, and most importantly the launch site had 
to have an open sky to view the satellites.   The first choice, Hudson Yard, above ground, open 
sky and just a short distance into NYPS.  After conversations with Amtrak Hudson Yard wasn’t an 
option because the yard and it’s lead tracks to NYPS are controlled by Long Island Rail Road 
(LIRR) requiring LIRR RWP protection and personnel to operate on.   

 
After further review a truck pad just a few blocks north of NYPS along Amtrak’s Empire Line 
provided a launch site for the hi-rail vehicle and provided an open view to the GPS constellation. 
By having the time line for working without GPS signal, an access point, and the tracks lengths, a 
time table was developed for the track movements needed for the mobile LiDAR data acquisition 
phase of the project.   

 
A time table was developed allotting 7 ½ minutes for the hi-rail to travel through the Empire tunnel 
to NYPS, 45 minutes to scan a track grouping, followed by 7 ½ minutes back through the Empire 
tunnel to resurface to street level and collect GPS data. 

 
Amtrak’s SSWP: 



After review and revisions of the project plans from Amtrak the project’s formal Site-Specific Work 
Plan (SSWP) was prepared and submitted for signatures from all AMTRAK groups involved. The 
SSWP outlined the daily schedule of work to be performed, all who were involved, contact 
information for all department and on-site leaders, and emergency medical facility information.  A 
requirement of the SSWP document is that it is to be updated after every work shift so that 
progress could be monitored and adjustments in on-track RWP protection could be made as 
needed. 

 
On-Site Project “Work Begins” 
Conventional survey operations began utilizing 3 3-man survey crews working around the clock, 1 crew 
working the day shift, 7:30 am to 3:30 pm and 2 crews working the overnight shift, from 10:00 pm to 5:00 
am.  Daily project safety briefings were held, and the continuous communication between Amtrak, HNTB, 
and the survey crews paid dividends from the start.  The survey crews and their RWP flag protection 
personnel move quickly and efficiently in setting and surveying the control network and scan target points.  
Within a few days, as scheduled, one of the crews began the terrestrial scanning operations on the 
station platforms during the overnight shifts and then switched to the day time shift to complete the track 
level scanning during the off-peak hours between the morning and afternoon rush hours.  Through 
proactive communications and following the SSWP schedule the conventional survey operations were 
completed in just 7 days. 
  
During the conventional survey operations, Amtrak contacted HNTB leadership about wanting to revise 
the SSWP for the mobile LiDAR hi-rail operations from the original agreed upon schedule of 4 hours of 
track time over 4 days consecutive days or nights to one 16-hour day. With the project schedule covering 
the Martin Luther King holiday, Amtrak wanted to take advantage of the reduced train schedule and 
proposed running the hi-rail mobile LiDAR operations from 7 a.m. to 11 p.m. on the holiday.  The plan 
included using an additional Amtrak Dispatcher to assist with the track movements of mobile LiDAR hi-rail 
with the scheduled revenue train traffic and provide an additional team member to review, report, and 
monitor track coverage hourly between the dispatcher and the Amtrak hi-rail pilot to ensure every track 
was independently scanned.  All parties agreed and set forth to revise the SSWP schedule. 
 
The hi-rail mobile LiDAR operations began in the very early morning hours of the Martin Luther King 
holiday with the system and the hi-rail vehicle being prepared for the 16 hours of on-track operations.  At 
7 a.m. the vehicle began its first trip through the Empire tunnel to NYPS to begin the scanning operations 
and resurfaced an hour later.  Throughout the day and into the evening, the round trip from the mouth of 
the Empire tunnel to NYPS and back continued until the scanning operations were successfully 
completed at 11 p.m. 
 
The onsite field operations of conventional surveying establishing the survey control network, scan target 
points, terrestrial LiDAR scanning, and hi-rail mobile LiDAR mapping were completed ahead of the SSWP 
schedule, in large part to Amtrak’s assistance and willingness to reconsider the idea of 3D mapping 
NYPS with mobile LiDAR technology.  
 
Initial “Project Deliverables” 
After completing the field operations in mid-January of 2018 work began on post processing and 
calibrating the mobile LiDAR data to the survey control, scan targets, and the surfaces and planes 
derived from the terrestrial LiDAR data.  The post processing phase was completed in the creation of the 
industry standard “LAS” files.  Working in industry standard file formats provides options to Amtrak for 
mapping now and in the future by allowing Amtrak staff for subconsultants to create the 3D mapping.   
For NYPS HNTB was contracted to provide the initial mapping deliverables.  The initial mapping 
deliverables consisted of extracting all the track infrastructure at 3-foot interval along each track within the 
facility.  Track extraction included all the switch and ½” frog points to complete each existing track 
segment.  Ascii point files were created for all track points for linear regression routines to establish the 
track’s existing horizontal and vertical alignment.   
 
Initial mapping work continued with the extraction of all the station platform edges, 3rd rail systems, 3rd rail 
end transition pieces, impedance bonds, signals, switch motors, guard rail, restraining rail, and areas of 



tie transitions from wood to direct fixation.  The initial mapping was delivered to Amtrak by mid-May of 
2018 four months after the completion of the field operations.  
 
Since that first delivery through 2019 additional project within NYPS have been completed using the 3D 
data set.  Projects include Building Information Modeling (BIM) of all 11 station platforms, and 3D track 
infrastructure modeling through areas of complex track work to validate track component manufacture 
plans. 
 
Value Added Services 
Imagery 

Mobile LiDAR systems are equipped with digital cameras arrays providing many options for 
project imagery.  HNTB has found the camera array providing full panoramic imagery provides 
the most value to rail projects utilizing mobile LiDAR. The panoramic imagery provides a “Google 
Earth Street View” of each track the mobile LiDAR system operates on. The imagery is 
geospatially located so it can be draped onto the LiDAR data or 3D mapping.  Additionally, the 
RGB color values from the imagery can be transferred to the LiDAR data to “colorize” the 
pointcloud for project renderings and public presentations if needed. 

 
Online Data Viewer 

HNTB provides an online Data Viewer for each of its mobile LiDAR project where design or client 
team members can access, review, and extract project information and extract data as needed.  
The Viewer runs through a common web browser from any computer of mobile device and 
doesn’t require any special plugins.  The graphic interface includes a key-map of the project 
allowing users to move anywhere within the project quickly and easily, providing imagery and 
LiDAR data simultaneously when needed. Viewer tools allow user to make precise 
measurements using the 3D LiDAR data, cut, measure and clip cross sections of LiDAR data, 
and export user defined areas of LiDAR data.  The Data Viewer has brought the 3D project data 
to the desk top of all involved in projects at NYPS.   

 
The 3D surveying utilizing mobile LiDAR in Amtrak’s New York Penn Station captured the facility 
“environment” and Amtrak and its consultants are using that environment knowledge to make more 
informed decisions about changing it.  The reality of mobile LiDAR data started with capturing all visible 
features from all the tracks throughout station facility. The processed data has quickly produced the 
existing relationships between all the visible features and infrastructure systems.  This knowledge gives 
project leaders and designers a head start in evaluating concepts, strengthening design ideas and or 
providing alternatives. 3D data from mobile LiDAR applications is highly accurate and rich in density 
allowing team members the ability to create high quality data and analysis models, enhancing 
collaboration between Amtrak disciplines and providing better project deliverables to project leaders. 
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