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Numerous authors have indicated that the use of scanning airborne laser systems are effective in performing rapid and
accurate mapping for engineering purposes (Gutelius, 1998; Reed, Landry, and Werther, 1996; Reed and Lynch, 1996; Reed,
Lapucha, Werther, and Rosenbalm, 1994; Lapucha and Barker, 1996). Recently, this technology has been employed by the
Long Island Rail Road in support of an enterprise-wide geographic information system (GIS).

The Long Island Rail Road (LIRR)
services over 266,000 commuters
each day throughout their 600 miles
of track. In addition, the railroad
performs numerous tasks related to
track maintenance, facility mainte-
nance, communications, power, and
public safety.

The purpose of the LIRR GIS Data-
base Development project was to cre-
ate a geographic information system
(GIS) database containing as much
information as practical and benefi-
cial about the LIRR's facilities and
infrastructure. The system is de-
signed and implemented to serve as
the railroad’s enterprise-wide GIS.
Future activities will result in the
development of applications using
the GIS that will support activities
and requirements of the departments
within the LIRR.

Tasks under the GIS Database De-
velopment project included:

e Dala Collection
s Requirements Definition
* Pilot Project Implementation

In order to accomplish this work, the
LIRR developed a Request for Pro-
posals that vullined the requirements
for the project. Upon review of com-
petitive proposals, the LIRR chose
Bowne Management Systems, Inc. of
Mineola, NY and their sub consult-
ants: John E. Chance and Associates,
Inc. of Lalayette, LA, and Applied
Geographics ol Boston, MA to imple-
ment the project.

GOALS AND OBJECTIVES
The objective of the project was to
create a Geographic Information Sys-
tem (GIS) land base consisting of ap-
proximately 330 miles of existing
passenger rail facilities owned and
operaled by the Long Island Rail
Road on Long Island, New York. In
order to accomplish the work, the
LIRR developed specific goals for its
completion. The goals of the project
included the following:

* The ability to reference the GIS
land base to NYS State Plane Sys-
tem NAD 83 (North American Da-
tum 1983) and NAVD 88 (North
American Vertical Datum 1988).

¢ The ability to collect LIRR assets
with a horizontal and vertical

accuracy of 1',

= No interruption of any LIRR
operations,

* No LIRR flagman support.

PROJECT SCHEDULE
The LIRR sought to complete the col-
lection of data within 3 to 6 months,
The reason for the fast schedule was
to accommodate numerous projects
that would require GIS data. Some
of the projects included a long range
track and signal strategy, a tie re-
placement program, a system-wide
conditional survey, and the develop-
ment of an automated work order
management system.

The LIRR data requirements, in addi-
tion to the schedule, required an in-
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novalive technique to complete the
data collection task within the bud-
get and schedule supported by the
LIRR. Upon investigation of the dif-
ferent options available, Bowne and
the LIRR chose to use an air-based
laser mapping system to collect the
data.

Bowne's subcontractor, John E.
Chance & Associates, performed the
task of data collection. The survey
was accomplished along the rail
centerline and extended a minimum
of seventy-five feet on either side for
the defined route. The survey was
performed so that individual features
could be identified, extracted, and
positioned by Bowne for usc in de-
veloping the GIS land base.

DATA COLLECTION SYSTEM

The data collection system shown in
Figure 1, integrated an accurate GPS
positioning system with video imaging
and a scanning reflectorless laser
rangefinder to provide fast and ac-
curale aerial surveys. The system,
abopard a specially equipped Schweizer
300C helicopter, flew over the LIRR
corridor collecting precise GPS, plat-
form altitude, laser ranges, and imagery
data. With a data collection rate of
8,000 ranges per second, height above
ground of 50-70 melers, and an aircraft
velocity of 45 miles per hour, the data
density was approximately one beam
per 1.5 sq. feet. This data densily was
required to differentiate objects such
as rails, mile posts, signals, switches,
and subtle changes in slope/grade, etc.
by recognizing patterns of points with
spatial relationships.
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DAT/EM’s New
data capture drivers

Now for Windows NT.

oFJV

DAT/EM Systems International, the
developer of the best data capture
software in the world, now brings that
same performance standard to the NT
operating environment.

In %[1qepl1

CAPTURE NT™ supports AutoCAD R14 and
MicroStation 95/SE. Plus CAPTURE NT™
takes full advantage of the 32-bit NT
platform, providing increased functionality
and performance all at an affordable price.

Whether your stereoplotter is an analog,
analytical or softcopy system, CAPTURE NT™
offers full compatability.

st.

Call or fax for details.

In the U.S. call 1.800.770.3681
Qutside the U.S. fax +907.522.3688
or call +907.522.3681.
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The best just got better!
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8240 Sandlewood Place, Suite 101

Anchorage, Alaska 99507 U.S.A.

1.800.770.3681 in the U.S.

phone +807.522.3681 fax +907.522.3688 . . .
sales@datem.com  hitp://www.datem.com MlCI'OSt?lthﬂ 9?/
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Positioning System

The system utilized four rover GPS re-
ceivers, Trimble Dual Frequency 4000
SSE's in the aircrall and ground ref-
erence GPS receivers. An OMNISTAR™
satellite receiver was used to gener-
ate standard RTCM-104 differential
corrections from a network of refer-
ence stations. With the ditferential
corrections, one of the rover GPS re-
ceivers provided the differentially
corrected position of the aircraft
within sub-meter accuracy for real-
time pilot navigation.

All GPS receivers, both rover and
ground relerence, recorded the dual
frequency carrier phase and pseudo
range measurements from each satel-
lite. The four airborne rover receiv-
ers provided a means for calculating
an accurate aircraft attitude, as well
as providing a redundancy check on
the post processed OTF KGPS air-
craft position,

Attitude System

The attitude system was comprised
of a Humphery vertical gyro to measure
instantaneous pitch and roll and
was combined with the rover carrier
phase GPS data to determine the ac-
curate attitude of the aircraft. The
vertical reference unit data, along with
the laser data, was recorded during
flight by the laser data recorder onto
a removable hard disk.

IMAGE COURTESY OF JOHN E. CHANCE AND ASSOCIATES

Laser System

The scanning laser utilized a cus-
tom designed eye safe. reflectorless
rangefinder capable of measuring
first return ranges [rom 20 Lo 200
meters. Every scan had a width of
60 degrees and contlained 200 range
measurements. Each scan record
contained timing, laser attitude, and
data verification/error detection in-
formation. Operalionally, the laser
scanned at a rate of 40 Limes per sec-
ond and had a coverage width that
was approximately equal to the
aircraft’s altitude above ground (in
this case, 50 to 70 meters).

Display and Acquisition System
The system directed the pilot along
predetermined survey flight lines,
using LED light bars to indicate both
horizontal and vertical course devia-
tions. During the flight, the pilot
and operator could view both the
down-looking and forward-looking
video on a flat screen color display.
The operator utilized a traditional
computer monitor and keyboard for
control and status monitoring.

The computer power behind the
airborne processing system is mul-
tiple Intel-based PCs, which provide
airborne data management, sensor
control, and navigation processing.
Using a removable disk, the data
management system records informa-
tion such as GPS pseudo range and

Conceptual view of Fast Laser
Image Mapping and Profile [FLI-MAP) system
utilized by lohn E. Chance and Associates to
collect data for the Long Island Rail Road.

GPS Equipped helicopter used to
collect laser imagery and videos for the Long
Island Rail Road.
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carrier data, laser scan records, and
the real-time differential GPS posi-
tions.

Aircraft Integration

The equipment was integrated in a
Schweizer 300C helicopter (Figure
2), which provided a trailerable and
cost-effective survey platform. A key
design goal of the system was mini-
mal size, weight, and power, allow-
ing for the use of a small inexpensive
aircraft. The characteristics of this
aircraft allowed uninterruptled data
collection of GPS data that was criti-
cal for the kinematic positioning.

Positioning and Accuracy

Dual frequency OTT kinematic offered
horizontal and vertical antenna posi-
tions with accuracies of 0.2" at 95%
confidence. This method of position-
ing measured the relativity of the pri-
mary raver GP’S receiver from occu-
pied local control stations (also 4000
SSE receivers) along the route using
kinematic or carrier phase differencing
techniques. The dual lrequency OTF
capability allowed reliable ambiguity
initialization while the helicopter
was in motion in a matter of seconds.
For reliability and quality control,
reference stations were spaced along
the route approximately every ten to
fifteen miles.

The absolute accuracy of collected
ground and feature data using OTF
kinematic positioning was 0.5 hori-
zontally and 0.35" vertically. The
relative accuracy of data points col-
lected with subsequent scans and to
the kinematic control network is 0.35
horizontally and 0.25 vertically, The
relative accuracy of points common
to a single scan is 0.2".

FEATURE EXTRACTION

The laser imagery was processed in
the FLIP7% software system, developed
by John E. Chance and Associates, Inc,
The FLIP7 software system allowed
the operators to view the railroad data
in both a planimetric and profile view
(see Figures 3 and 4). In addilion,
SVHS videos of the areas were time
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!, Planimetric view of laser imagery
for Smithtown train station, with a vectorized
track centerline.

tagged to the laser location. The vid-
eos included both a forward looking
and downward looking view of the
area on the laser image. Utilizing the
video images was very important, as
the laser images were often difficult
to interpret, especially for smaller
objects.

Locating Discrete Points

As shown in the previous figures,
many of the features were easily
discernable off of the laser imagery.

. Profile view of laser imagery for the
Smithtown train station.

As shown in Figure 4, the laser imag-
ery was even able to discern the sag-
ging wires between poles, in addi-
tion to the steel rails on the track.
As one can also see from Figure 4,
more prominent features are easy to
locale, such as the station platform,
the station building, and the stairs
leading up to the platforms,

As previously mentioned, the la-
ser image representation of this data
is accurate to .5" horizontally and
.35 vertically. To collect the dis-
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crele fealures as a vector representa-
tion for use in the LIRR GIS, opera-
tors simply performed a “heads up”
digitizing of the points and “con-
nected the dots”.

An example of the vector output
from the digitizing is shown in Fig-
ure 5.

QUALITY CONTROL

Quality control checks were per-
formed to verify the accuracy of the
digitized features, The methods for
performing the quality control were
to check the digitized data with the
existing Nassau County photogram-
metrically derived digital basemap,
and Lo perform field data inspection
using GPS technology.

An overlay of the Nassau County
GIS planimetric basemap showed a
good cartographic fit between the
two data sources (Figure 6).

In addition to viewing the LIRR
data in conjunction with the Nassau

Airborne GPS

Kinematic Processing for Photogrammetry

GrafNav post-processes single and dual frequency GPS data to
produce accurate camera centers for small, medium and larde scale
work. Specialized ionospheric, tropospheric and on-the-fly capabilities
combined with fast processing make GrafNav ideal for airborne
applications. Detailed analysis aids ensures errors are caught during
processing and not at aerotriangulation.

GrafNav is compatible with popular airtborne GPS recelvers such as
Ashtech, Leica, NovAtel and Trimble. This includes the ability to import
their camera evenl marks. Other formats such as RINEX, AOA,
Marconi, NavSymm and Rockwell are also supported. GrafNay employs
geold models for US, Canada, Australiaand the World.

Windows 85 & NT arg tragomarks of Miorosolt Corp.

Waypoint Consulting Inc.

Software for GPS Surveying and Navigation
Suite 210, 200 Rivercrest Dr. SE, Calgary, AR, Canada, T2C 2X5
Ph: (403) 720-3800  Fax: (403) 720-3868 |
Email: wpinfo@waypnl.com Web: www.waypnt.com J

¥ R8T L Wi
Your Image is Very Important to Us!
TRIATHLON MAPPING CORPORATION

2174 Willingdon Avenue, Burnaby, BC, V5C 529 Canada
Ph: (604) 294-8861 Fax: (604) 294-6521 E-mail: tmc@tme.bc.ca
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County data, Bowne performed qual-
ity control on a number of discrete
points utilizing a Trimble 4000 SSI
and a Wild TG1000 REC total station.

The GPS field test check discrete
objects such as light poles and carners
of platforms. Bowne field technicians
ulilized the Trimble 4000 SSI to estab-
lish local base stations at LIRR station
facilities. By establishing the base sta-
tions, field crews were able to utilize
the Wild TC1000 REC total station to
traverse selected locations. The XY,
and Z coordinates of the surveyed
points were compared to the digitized
points from the FLI-MAP system. In
most cases, the errors were less than
.5" in both vertical and horizontal po-
sitions.

DATA COLLECTION

Due to high winds, fog, inclement
weather, and scheduling difficulties
with local airports (Kennedy and
LaGuardia), John E, Chance and As-
sociates was unable to fly for more

FIGURE 5. Vectorized version of the Mineola
train station showing track centerlines, 3rd
rail, buildings, poles, platforms, crossing
gates, switches, pedestrian overpasses, and
parking facilities.

FIGURE 6. LIRR data on top of the Nassau
County photogrammetrically derived basemap.

than two consecutive days. How-
aver, the entire LIRR ROW required
only seven full days to complete,

FEATURE EXTRACTION

Because the laser imagery collected
from the helicopter was already in
the correct geographic position,
Bowne was able to digitize the track
cenlerline for the entire LIRR service
area within three man months. The
fast rate of production was possible
because the operator required virtu-
ally no setup time to begin the digi-
tizing. In addition, collecting the
data was simply a matter of connect-
ing laser points representing the dis-
crete objects in the field.

Collection of all features within a
20 mile pilol area required three man
weeks Lo complele. During this phase
of the data collection it was found
that certain features were more diffi-
cult to collect. The most difficult fea-
tures to collect were light poles, or
small features such as switch mecha-
nisms. The reason for the difficulty
was directly related to the operator’s
ability to locate the object on the la-
ser imagery. Due to the nature of the
first return laser, and the spacing of
laser points, a few laser points may
have only intersected a 25" pole. The
reason for this is due to obstructions
such as branches, or the thickness
of the pole being less than the laser
point spacing. Therefore, the pole
may not have stood out well among
other features such as trees. In some
of these cases, the GPS field survey
indicated that the errors due to the
operator's inability lo ascertain the
true location of the point were greater
than 1'.

Conclusion

The Long Island Rail Road GIS Data-
base Creation project demonstrated
the ability to accurately and cost ef-
fectively map railroad features
through the use of a scanning air-
borne laser system. The project
showed that the data collection
could occur without any interruption
of railroad services. The laser imag-
ing and ranging sensors integrated
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with the accurale position and atti-
tude sensors provided the railroad
with direcl mapping capabilities.
In addition, the project was not im-
peded by the time of year. The [lying
height of the helicopter and use of a
fast imaging laser allowed the data to
be collected during the month of
January.
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UPDATE

This is a notice to all ASPRS Members
regarding a proposed amendment to
the ASPRS Bylaws. Members who so
desire may submit comments on the
proposed amendment to the ASPRS
Executive Director within 30 days.
All comments received will be re-
viewed and the Board will take action
on the petition at their November
meeling. The language to be deleted
appears with the words struck out; the
new language appears in bold and un-
derlined.

“ARTICLE IX. FINANCES

Section 1. Arrrraat Membership Dues
and Fees

Anmtrat Membership dues and other
fees shall be determined annually by
the Board of Directors after consider-
ing the recommendations of the Ex-

ecutive Director. New memberships

ceived and are subject to renewal 12
months later, i.e., the anniversary
date. Annualduesshatb-bepaidon
or-hefore-the-tstof-fannary ofeach

. - Eoayis Dues

shall be collected from all classes of
membership except Honorary and
Emeritus members.”

Autometric Inc. recently released ver-
sion 1.8 ol SoftPlotter. Chiel among
the new features in SoftPlotler 1.8 is
the Stereo Imaging Engine (SIE),
which provides improved perfor-
mance in speed and image quality for
stereo viewing and data capture. The
SIE employs advanced image display
methodologies to deliver smooth,
continuous image panning, regardless
of image size. When used with one of
SoftPlotter's vector editing tools, the
SIE provides real-time display and
editing of vectors overlaid on either
color or black and white imagery.
Also included in the new release
is a greatly improved facility for per-

forming automatic tie and pass point
collection. This facility, known as
“BTIE,” works on blocks of scanned
aerial photography and eliminates
the need for expensive, lime-con-
suming manual collection of lie and
pass points. BTIE can be run as a
batch process, enabling users to per-
form heavy volumes of tie and pass
point collection during off-hour
shifts. The BTIE facility, combined
wilh SoltPlotler’s aulomalic interior
orientation process, provide the ba-
sis for a completely automated digi-
tal aerotriangulation capability.
SoftPlotter 1.8 is tightly integrated
with the Kork Digital Mapping Sys-
tem (KDMS) and Bentley Systems
MicroStation and is designed Lo eas-
ily interface to other vector mapping
packages, allowing users to leverage
their investment in existing software
and operator expertise. New in re-
lease 1.8 is the capability to import
MicroStation DTM data into SoftPloller,
where it can be displayed over a
stereoscopic image for verification

and editing. TINs and contours can
be generated from the imported DTM
data, and contours can be exported
in DGN format for inclusion in
MicroStation design files.

For more information, contact
Autometric, Inc., at 207-945-6353 or
www.autometric.com,

TASC, Inc. announced that Emerge
Spatial™, the company’s new remote
sensing and geographic information
syslems initiative, has established a
new web site <http://espalial. wsicorp.
com: 2903> and is now serving mul-
tiple markets, E-Spatial is focused
on the capture and distribution of
high-resnlution, geo-referenced data
products for markets such as forestry,
land use, and utilities. The E-Spatial
web site features information on
product specifications, data formats,
and sample image sets used in emer-
gency, mapping and wetlands man-

agement (see Figure 1). For informa-
tion, contact 888-807-9898.

© 1. This image of the recent, devastating fires in Florida was shot with
Litton’s Emerge Spatial [E-Spatial) data collection system, View the original
CIR in color at the E-spatial web site <http://espatial.wsicorp.com: 2903>.
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