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ABSTRACT

Results are discussed from a baseline topographie of the National Aeronautics and
Space Administration’s (NASA) Wallops Island, Vinga base and surrounding locations. The
investigation began in April of 2010, when the NAB&borne Topographic Mapper (ATM)
used airborne laser scanning Light Detection Andg®ay (LIDAR) technology to sample
terrain of the aforementioned area. After convertine data sets to sea level elevation, the files
were processed using two different approachesnigtbods employed by the Millersville and
East Stroudsburg teams are detailed separatelysatta variety of software including
TerraSolid, Geographic Information System (GISpleall Mapper, LP360 and ENVI / IDL’s
LIiDAR Toolkits.

This research provides a number of Digital Surfdoelels (DSM) of Wallops and
Assawoman lIslands in Virginia. The DSM's were fardd classified and processed to produce a
number of Digital Terrain Models (DTM). These DSMIsd DTMs provide a baseline
assessment of Wallops and Assawoman Islands inmvargnd serves to standardize a work flow
routine for future DSM and DTM production. Gapghe NASA data collection were filled in
using data provided by The Nature Conservancy (TREW's and processed further to provide
a complete DTM of the region.

The DSM and DTM products were extensively validaisthg NASA Control points,
TNC DSM / DTMs and field surveys of the area uséiS and Total Station derived ground
elevation points. Our validation demonstrated thatelevation residuals (DTM minus control
point) were less than +/- 14 cm. This demonstrétasour DTMs are better or at least closely
comparable to similar DTMs of the area. Furtherrowpment in our DTMs can be achieved by

processing the waveform data supplied by NASA.




Further analysis of the data was done using piplager nesting locations provided by
US Fish and Wild Life Service (USFWS). The resdisnonstrate that the piping plover uses the
leeward side of sand dunes to nest and thus pribkeictyoung from offshore physical processes
like waves, wind, etc. The DTM's also illustrateduanber of beach processes that can be
observed only from synoptic data collected fromatsensors like the LIiDAR. This project not
only examines island morphology over time anddaut also be used in models to study the
potential impacts of sea level rise on coastal ystesn from climate change and east coast

cyclogenesis.

SECTION 1: OBJECTIVES, INTRODUCTION & REGIONAL SETT ING

1.1. OBJECTIVES

To produce a digital surface model (DSM) and a tdigterrain model (DTM) from
Fisherman Island North to Ocean City, MD using reamsensing (LIDAR) data from NASA,
attaining vertical precision of approximately 1stimeters and horizontal precision of 1 to 3
feet.

To create a database of LIDAR elevations and bpedfile elevations.

To identify gaps in the LIDAR data which can béefil in by future NASA flights.

To integrate TNC data with DTM/DSM generated frolABA LIDAR data.

To perform statistical error analysis.




1.2. INTRODUCTION

Light Detection And Ranging, or LIDAR, is a rematensing technology which has seen
rapid development during the past twenty yearst§B@alas, 1999). It was initially developed
during the 1960s by the National Aeronautics anac8pAdministration (NASA) to better
measure properties of the Earth such as ice shibetszone layer and atmospheric pollutions
levels. At first LIDAR was not designed for topoghacal mapping, primarily due to a lack of a
strong network for georefencing. But by the 1990%rong GPS network was established, thus
making topographic expeditions worthwhile. NASA tinoed to be at the forefront of LIDAR
usage, but over the past decade private enter@igkesther governments have entered the field
creating a surge of interest and applicationsriiadte LIDAR an increasingly important tool for
GIS based analysis.

As a remote sensing technology, LIDAR is said t@bective form in that it actively
discharges pulses of infrared light which boundebfects and return to the emitter. By using
high resolution timing circuitry to measure the ¢if flight of these pulses, it becomes possible
to accurately measure the relative distance tecifin points. When this information is
combined with geospatial and inertial data (proglidg a GPS and IMU located in the plane),
the absolute location of pulse impacts can be deted.

The characteristics of the return energy pulse based on the properties of the
material(s) that were impacted by the beam dulightf Within a given pulse, the beam may
impact and reflect off of several surfaces durisglight. As an example, the canopy of a tree
will reflect some energy, while other portions b&tbeam will pass through the canopy and
reflect off of the ground. Such discrete reflectements are referred to as returns, and systems
capable of recording multiple returns are highlgickrl because they provide a firmer basis for

making classification judgments when constructing products that seek to identify aerially




obscured surfaces such as the ground. Additionddlgending on the characteristics of the laser
system employed, each surface will also refledediig amounts of energy in different patterns,
allowing for the potential identification of suriesbased on their reflectance and return
waveform quality.

The system employed by NASA (ATM) provides all bétabove information. While its
primary data product consists of first-returns atiter associated measurements, (see SECTION
7: APPENDICES, APPENDIX 1: QFIT FILE WORD DESCRIFIN) it also digitizes and
records the full transmitted and received waveforiswing for subsequent processing to
identify multiple returns and waveform charactécstHowever, for this phase of the study, only
the first return data is utilized and is limitedtb® processed geospatial coordinates and returned
energy. Future studies may address the limitatdrfisst return data in regards to mapping

regions like those presented at Wallops Island whansist of varying terrain and vegetation.

1.3. REGIONAL SETTING

Wallops Island is part of a barrier island chaiongl the Delmarva Peninsula. It is
situated in Accomack County, Virginia and serves astal stopping ground for migratory birds
along the eastern flyway of North America. Themsl itself average six squares miles and is
home to the Wallops Island flight Facility and Midlantic Regional Spaceport (MARS). In
previous years the United States Navy used thehawrtportion of the island for aviation
ordinance testing, but has since ceased all ordenaperations. Today, Wallops Island not only
houses the aforementioned NASA facilities but sea® a field location for countless researches

in the fields of: biology, environmental sciengepgraphy, oceanography and remote sensing.




SECTION 2: DATA & INITIAL PROCESSING

2.1. DATA

Before LIDAR data can be applied, it must be preedsand possibly combined with
other forms of data to produce desired end prodsiatk as DTMs. Each of the major steps in
these workflows is described below, as well agdifferences in the methodologies employed by
Millersville and East Stroudsburg Universities.

For this study, the primary output of interestlod ATM system are its concise first
return data files, referred to as QFIT files. Thi#les contain a series of 12 element records
corresponding to the individual LIDAR returns arahtain the geospatial position of the return
as well as other useful attributes such as itssiamep and returned energy (see SECTION 7:
APPENDICES, APPENDIX 1: QFIT FILE WORD DESCRIPTION)

In addition to this, two other data sources areleygal in the course of this study. To aid
in classification tasks, georeferenced aerial piyatphs provided by the IceBridge DMS L1B
data set were used. These photographs were takieig the ATM LIDAR mission and
georeferenced to put them into proper geographispeetive. The Nature Conservancy (TNC)
also provided their DTM which serves both as adatlon measure and data source for gaps in
the LIDAR coverage provided by the ATM flight. Theage of each of the data sets is described

in more detail below.




ESU-FIGURE 1: Ground GPS survey tracks northeast of the NASAl&@alFlight Center.

To provide validation for the LIDAR data, ground'geys were planned and conducted
by students of both universities using Trimble GfP#s and Total base stations. A total of five
field surveys were conducted on: April 2010, Jua&® December 2010, April 2011, and June
2011. After export and differential correction ugifathfinder Office (Trimble’s GPS
management software), the best confidence levetthdd be achieved based on the HDOP and
PDOP value had an error range of 60 cm within a 68#idence interval, making them
unsuitable for validating the LiDAR data. Improvemein survey techniques and equipment
could enable future validation quality GPS survéysspite this, the collected data is still useful
in that it has a greater horizontal resolution ttlenLiDAR data and thus provides a clearer
picture of the surveyed regionslhe lessons learned from these field surveysidell) it is
critical to have high-end antenna for Trimble GP& for the validation of LIDAR data, and 2)
it is necessary to slow down the data collectiatpss and increase the accuracy of data. The

following pictures show the survey locations.
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ESU-FIGURE 3: Ground GPS survey tracks of the beach
ESU-FIGURE 2: Ground GPS survey tracks on profile conducted on Assawoman Island demonstrating
Assawoman Island. parallel track lines.




2.2. INITIAL PROCESSING

NASA ATM Mission 4/30/2010

Aerial Photos Full waveform and Range (VALID)

QFIT Processing

NASA IceBridge L1B
Georef. Data Set

Processed LiDAR
First Return (QFIT)

Georeferenced
Photos

LiDAR ASCII
(WGS84 G1150 /
Ellips. Height)

MNADE3 Virginia 5.

“ LIDAR ASCIl (NAD83 HARN

Virginia S. to NADS3 Virginia South ft. / NAVD88
HARN Virginia 5. it

ESU-FIGURE 4: Preparation Workflow. RED indicates NASA perfoxdne

processes; Green indicates ESU/MU performed PresgBi UE
INDICATES DATA PRODUCTS.

Prior to usage in GIS
applications, the LiDAR data
must undergo a series of
preprocessing steps (see
ESU-FIGURE 1) to convert it
to an accessible file format
and transform it to the local
coordinate system desired for
the end products. The QFIT
files provided by the ATM

are processed using an IDL
script to extract desired
record elements into a comma
delimited ASCII text file. For
the purpose of this study,

only four elements were

extracted and subsequently utilized: latitude, itbrdg, elevation, and received energy. Using the

developed IDL script, these elements were outptlt lwotheir unchanged geographic coordinate

system and in Universal Transverse Mercator (UTMY8&) coordinates. In the case of the

former, the measurements are presented in the W&HB4oid in the International Terrestrial

Reference Frame (ITRF) used at the time of theegyin this case WGS84 G1150.

Unlike traditional geographic coordinate systerhs, ITRF is a dynamic reference frame

that is updated to improve its accuracy and refleetchanging geographic status of the planet,
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such as moving tectonic plates, by the means aifge Inetwork of ground control stations.
WGS84 is improved through the use of ITRF by pedaldly realigning it to the prevailing ITRF.
The latest version, WGS84 G1150, aligns to the Id®RfFame, introduced in 2002.

Evaluation of the impact of sea level rise anddl@a@undation requires that the data be
presented in context to the region around Wallstat. This necessitates conversion from the
globally relative WGS84 G1150 coordinate systertheoNorth American Datum 1983
(NAD83) which adjusts the representative ellipgoignaximize congruence with the North
American continent. This can be accomplished bygitie defined 14-parameter horizontally
time dependent (HTDP) ITRFOO to NAD83 transformatfwith a time parameter of April 30
2010), which consists of time factored scalingastation, and rotation parameters. After the
conversion to NADS8S3, a final horizontal conversisimade to the NAD83 State Plane Virginia
South and then to the NAD83 HARN State Plane ViegBouth coordinate system, which
represents a further refinement of the NAD83 datoi@nsure that the southern area of Virginia
is most consistent with the ellipsoid. In regamsértical heights, the original measurements are
made relative to the ellipsoidal height of the W@ ®8ipsoid; these measurements are
converted to the North American Vertical Datum 1988VD88) by using the Geoid99 model
which consists of a grid of calculated displaceraehhe above conversions are performed using
a software package called Blue Marble Geographasg@phic Calculator 3.2 which provides
batch processing, flexible ASCII input and outpariniatting, support for HTDP and linear unit
transforms, and a large database of geographiclc@te systems and transformations.

While providing human readability and a degredexibility, ASCII files are inefficient
as a means for storing and manipulating LIDAR dhkistead, the LIDAR points are converted
(through differing means) to LIDAR Archive Standdilds (LAS) files, which are an industry

standard, public file format designed specificédiiythe containment of LIDAR specific




information for exchange or dissemination. It isimary, compact format (as compared to
ASCII), and easy to read and use within a wide easfgG1lS, CAD and other LIiDAR data

processing tools.




SECTION 3: CREATION & VALIDATION OF DIGITAL SURFACE

MODELS (DSM) & DIGITAL TERRAIN MODELS (DTM)

3.1. METHOD #1, EAST STROUDSBURG UNIVERSY
During classification, it
was anticipated that wel
would have multiple
operators classifying
points concurrently. To
support this in
TerraSolid (a LIDAR
processing extension
for Bentley
Microstation) and

attain acceptable

computer performance

while rendering the ESU-FIGURE 5: ESU Terrasolid Block Layout. The study area (gyeseds
divided into 25 blocks (red) to enable concurreatknvand minimize resource

large amount of aerial |requirements.

photographs and points, we divided the survey iateaa series of 25 blocks aligned to the shore
line (see ESU-FIGURE 2). The NAD83 HARN SPCC cooadies, in ASCII format, were
imported into TerraScan and reassigned to theaciest®d block, being stored from that point
forward as LAS files. For each block, a Microstataesign file comprised of the necessary

reference layers and local aerial photographs waduged. While a block was under review by




a particular operator, its associated design ang files were locked by that operator,

preventing accidental modification and loss of work

3.1.1. CLASSIFICATION

In this study, we were primarily interested in ¢neg.a DTM by extracting the LIDAR
points corresponding to the bare earth and usiesgtlas the basis for DEM production. To
accomplish this, the LIDAR points of the cloud atkeassigned a class through either algorithmic

or manual means. During DEM

production, only the LIDAR points

o = 2 :‘:;

classified as ground are considered. In
terms of work involved, classification i$

the most time consuming and difficult

process in the workflow. It takes a
significant amount of experimentation
in choosing which classifications to
perform and when as well as how thog

classifications can be achieved. The

usage of multiple forms of information ESU-FIGURE 6: Example of horizontal shifts present in aerifal
photographs that contributed to classificationidifity.
such as aerial photography, makes this

process easier but does not eliminate ambiguitycandntroduce other forms of error.
Due to the sheer number of points involved, alneesty approach relies heavily on
automated classification that is subsequently eetiby a human operator who will examine the

context of points in question. For this study, tmsant verifying consistency with both the
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trends and shapes of elevation features, likesj\ard with the georeferenced aerial imagery in
the local region. However, horizontal shifts andspective discrepancies in the imagery (see
ESU-FIGURE 3) and a low point LIiDAR point cloud d&y made classification decisions
difficult, and at times, decidedly ambiguous. Resa these issues without an effective means
to assess the quality of one classification apgraa@nother proved to be the greatest challenge
of this work and one which still remains open. Thessification processed employed by

members of the ESU team aimed to classify poiritsane of the following categories:

Name Description Classified
Count
Default Unclassified points. 1,339,595
Ground Ground terrain, kept for the final DTM. 2,102,036
Feature Static and dynamic, natural and manmade groundressuch as trees, 1,259
buildings, and vehicles. Classified opportunisticathile discovering ground
and noise classifications.

Total 4,394,980

ESU-TABLE 1: Point Classes.

Initially, several operators worked concurrentlydentify regions either lacking
photographic reference or containing water and rayalassify them. Water points were found

to be difficult to recognize using automated meduns to the combination of gentle bank slopes,
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shallow and/or small riverbeds and marshes, andplmwt density. Aerial photography served as
the primary reference for water classification, ethwas verified for consistency with the
surface model of the point cloud. Other obviousigoencountered during this phase were also

classified in an opportunistic manner.

Following water

Legend:

Non- Classified or default —» Ground Macro (Auto.)

|

classification, an in-

== Manual

=3 Outlier Recognition_(Auto.)

depth identification of

noise was performed

by using an automated

Y

Ambiguous

or

| Default ‘

/ 0\
’ ‘—)I Default methOd tO |dent|fy
|/ \4 \ outlier points. For any
Ambiguous “
—_— | given point, the local

| J
; : area was sampled and a

distribution

ESU-FIGURE 7: Classification Workflow.

constructed. Inland

points more distant than 4 standard deviations fiteermean were reclassified to a temporary
class to be evaluated by an operator. These pwares then manually classified into noise,
ambiguous, feature, or back to default based ofotta elevation and image context. Often, for
smooth terrain, what constituted an outlier was mgroaller than expected, causing the vast
majority of temporary points occurring on the betxbe reclassified back to default. Areas
containing sparse shrubs and trees also contailedebank of temporary points following this
operation, causing them to be classified as feature

Identification of the preliminary ground points waerformed next by applying TerraSolid’'s

ground macro. This algorithm iteratively construagtground surface by choosing low points




from a candidate class (default) and connectingtteeother nearby points which meet
parameter controlled slope and distance constraivitde experimentation with the parameters
was performed, as mentioned, evaluation of thelteesithout an objective reference point
proved difficult. Instead, specific areas such msvikn buildings and tree formations were
observed for their exclusion from the ground swefaifter applying the ground macro, a test
DTM raster and slope raster were produced to laeatining artifacts. Notably, very few
manual corrections had to be applied in respettiddarge variety of buildings and other man-

made features on the landscape.

ESU-FIGURE 8: Section of block 8 showing mosaic of aerial plgpéphs & overlaid classified point cloud
(right).

Our experiences with classification led us to codelthat the classification reliability could be
improved. Increasing the point density would allmwveasier recognition of terrain features. At
the current density, a tree may be representedhlyyaosingle point which prevents recognition
of its shape. Using other kinds of imagery and semgormation might improve the reliability

of classifying terrain that is not distinct in therial photographs or by its elevation information.

To this end, we feel that incorporating attributéshe full waveform data present in the VALID
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files is critical to improving the classificatiomqress. Extraction of simplistic features such as
the number of returns for a particular point woodehfer benefits, especially in regards to
classifying low vegetation and marshes (assumiay gnoduce multiple returns). Using well-
known points and their waveform characteristicdadead to resolving the classification of

other ambiguous points based on their waveformigiity.

3.1.2. END PRODUCT PRODUCTION

Ultimately, the objective of this work is to produan accurate ground model in the form
of a raster DTM. Subsequent to classification,ltA8 files contain tagged points in the desired
local coordinate system, but these points mustrbegssed further to create a clean
representation of the underlying terrain that ddestroduce artifacts when interpolating the
regions between individual points. Additionallyshould be capable of ignoring regions, such as
water, that aren’t relevant to the ground modekr€hare several approaches and software
packages that can be used to accomplish thisegortitesses detailed below are but two of
many. Like classification, processing the pointuclonto a usable end product also requires
experimentation and experience; the selectiontefpolation algorithms (such as Kriging or
Splines) is a reflection of an assessment of thraitebeing modeled. Therefore, an ideal
operator is not only familiar with the software ahé survey terrain, but also with the variety of

interpolation algorithms, parameters, and theidiappility to certain types of terrain.




Beginning with the classified

Classified Blocks (.LAS)

point cloud, several steps (see

las2dem: ground lasboundary: ground, concavity 100 lasboundary: water, concavity 50

ESU-FIGURE 6) were applied

Initial DEM (.BIL) Ground boundary (.SHP) Water boundary (.SHP)

to produce the final DTM. First,

we applied were to use the

ArcGIS: Symmetric

Difference
las2dem and lasboundary tools

Ground clip

from the LASTools package to ool

ArcGIS: Intersect

produce an initial DEM and twqg B

boundary Shapef'les ArcGIS: Raster to DEM Points

Clipped DEM
Point (.SHP)

corresponding to the ground

ArcGlIS: Spline

ArcGIS: Mosaic ArcGIS: Clip
Interpolation

and water classes respectively

Final DEM

The las2dem tool triangulates

the LAS point cloud and

ESU-FIGURE 9: DTM Production Workflow.
samples the created surface to

produce the DTM raster with a

configured cell size of 5 by 5 feet. To preveng&atriangles from being created, the longest
edge of an included triangle is limited to 10 f@dte terrain of Wallops Island, specifically the
presence of marshes and small rivers make thialipitoduct inadequate as it contains
triangulated points spanning water features theatadesired in the product.

To address this, the boundary shapefiles creatdalsbpundary are used to construct a
ground clipping shapefile that can be used torfthe triangulated DTM to produce a DTM
sharply containing only those regions with classifground. Using ArcGIS, the two shapefiles
are combined using a symmetric difference operathua results in a shapefile containing the

regions present in a base shapefile (ground) tieat@at also present in an update shapefile
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(water) and vice versa. Removal of water only fesgus achieved by intersecting the result with
the original ground shapefile. This ground clippimgsk is then edited to make it consistent with
known terrain features like flight gaps and rivieesore being applied to produce the filtered
DTM (see ESU-FIGURE 7).

Further processing is performed to eliminate gapated by terrain features such as
clusters of trees that leave an area greater dn af non-ground points in the point cloud,
which will subsequently be ignored during triangiga (see ESU-FIGURE 11, ESU-FIGURE
13 & ESU-FIGURE 15). Rather than simply increasettiangle length, we applied spline
interpolation for a smoother result in the dataisT® accomplished in ArcGIS by transforming
the filtered DTM to a point shapefile, interpolajiit using spline interpolation into a secondary
raster which is then clipped and merged with thergéd DTM to produce the final DTM (see
ESU-FIGURE 12, ESU-FIGURE 14 & ESU-FIGURE 16). Thisrge is performed using the
ArcGIS mosaic operation, which can be configurekidgep all cells of a specific raster and, for
when data is not present, fill them with valuesifrothers. This same operation is used to
address the larger gaps created due to the miligjbntracks, but instead utilizing the DTM

provided by The Nature Conservancy as the sourcgdio fill points.




As an alternative to the above
workflow, ArcGIS or another
suitable GIS package can be
used to create the initial DTM
from the classified point cloud

using a more sophisticated

interpolation method than the
triangulation employed by
las2dem. This may be especially
warranted given that the point

density and cell sizes are such

that the triangles are large

enough to become apparent in
ESU-FIGURE 10 Ground clip mask (green) and water generated from

the classified point cloud using lasboundary amgjiar the result.

While ArcGIS appears to support this workflow, dagime constraints we did not thoroughly
explore this option. ArcGIS is an effective platfofor data analysis, however, in its current
form (version 10) it does not support multithreadiar interpolation operations. Due to this,
raster interpolation is a very time consuming psscén the future we will explore applications
such as Manifold which utilize the parallel progegsapabilities of general purpose graphics
processing units (GPGPUSs), such as the NVidia TéBld, to facilitate experimentation with

different workflows and production of end products.




3.1.3. ERROR ANALYSIS

Error analysis was conducted by
comparing the classified point cloud directly
and the final DTM against the LIDAR data
provided by The Nature Conservancy and 345
photogrammetric control points provided by

NASA collected around Wallops Flight Facility.

To establish the quality of the classified point

cloud, TerraSolid’s control report feature was ?

o

used. This constructs a small triangulated ESU-FIGURE 11: NASA WFF Photogrammetry

. - . . Control Points.
surface using ground classified points in the

region around each control point and measuresitfezahce. A direct comparison against The
Nature Conservancy'’s classified point cloud waspesformed. Comparison of DTMs was
performed in ArcGIS by sampling the ESU and TheunaConservancy’'s DTMs at each of the
provided photogrammetric spot elevations. Theseltseare summarized in ESU-TABLE 2. It
should be noted that the NASA LIiDAR data does mvec the full range of control points, so
some are excluded from analysis due to their distérom classified ground points. This results
in approximately 245 control points. One controinp@#221) is treated as an outlier due to its
elevation (47.57 ft.) being inconsistent with thmkn topology of the region.

To measure the relative quality of the DTM procdsasging method 1 against other
methodologies and the TNC DTM, it is necessarystaldish a set of control points over which
there is uniform coverage and similar methodsHerinclusion of points. To this end, we present
three error analyses: the error rate over theeeatiailable data set, the error rate with outliers

greater than 1 ft. removed, and the error rate aothmon points remaining after outlier




removal. In regards to the removal of outlierss igenerally frowned upon to remove such data
points without strong justification. In our cases werform this process to demonstrate the
attainable error rate rather than demonstrate beglate measure of our DTM quality. Outliers
greater than 1 ft. can be attributed to a numbeliftérent sources, including: non-ground points
in the control point set which was not annotateigctassification of low vegetation or dynamic
terrain features such as cars as ground poingsyars introduced during interpolation and final
product preparation. The recommendations madeeicltssification section could work to
mitigate the impact and frequency of such outli@dditionally, the coverage area of our DTM
is much larger than that of the error control, mgki a localized measure of the error that may

not capture the accuracy of non-intersecting fligies or the suitability of processing terrain not

represented.
Point All coverage points Residuals w/ Common
Cloud magnitude > 1 ft. residual-
Measure (cm) removed removed points
ESU ESU TNC ESU TNC ESU TNC
Average vertical shift -9.8 -7.8 -9.0 -3.9 -8.0 -3.7 -3.9
Minimum vertical shift -52.7 -119.5 -302.0 -30.1 -30.4 -30.1| -30.4
Maximum vertical shift 28.6 31.7 505.8 28.3 23.8 28.3 23.8
Average magnitude 14.4 11.0 14.7 6.9 10.5 6.7 6.0
Root mean square 18.1 20.7 35.7 13.6 13.3 13.5 12.1
Standard deviation 15.3 15.6 34.5 9.9 10.2 9.8 8.5
Count 245 344 210 326 207 207

ESU-TABLE 2: Error Analysis Summary.




3.2. METHOD #2, MILLERSVILLE UNIVERSITY

3.2.1. METHODOLOGIES IN DATA ANALYSIS & CLASSIFICATONS
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FORMAT
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MU-FIGURE 1A
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Data analysis within a non-GIS environment begiitk ¥he raw LIDAR data as acquired
from the NASA flights. The data is formatted usiing QFILT 12-word method, which is an
organization of (12) 32-bit binary words, equivdlém an IDL long integer. These words are
scaled appropriately in order to maintain the iea of the original measurements, (scaling
factors are standard for the gi-12-word format, Appendix 1). In order for the data to be
properly analyzed, rendered and displayed, it niivst be converted to ASCII / text format.
This is accomplished with the ENVI IDL software \aastom written scripts. Included in these
scripts are the scaling factors mentioned abovectwbonvert the raw data to numeric values
that make sense for what is being measured, (i&itelevation, GPS time, etc.). The script
allows the user to choose which data words to adr&eextract, as opposed to being made to
convert all 12, (for larger datasets, this featamiceably cuts down the time needed for
conversion). For the purposes of this researcly, longitude, latitude, elevation, & received
energy strength was processed and converted tolA@Cthat order, which is critical for scripts
and rendering down the processing chain). Addilignthe script is capable of cropping the
data to specific areas (rather than an entire egfa& processing the data to different coordinate
systems based on the user’s requirements, UTM (V§5S87Z (geographic LAT/LON), and
varying forms of decimal degrees. This allows Iipldt avenues of analysis and later
comparison of results. For this research, the aaa processed in UTM and geographic
LAT/LON. These scripts are extremely importantd @onsiderable time was spent testing and
validating the output against known results, as #ssentially the base of the processing chain
for non-GIS analysis, (these methods are coverea imedepth in the Validation & Conversion
section following). With the required words of thata formatted, converted & outputted as
ASCII data in the proper coordinate systems, it passible to do some rudimentary rendering

and analysis in ENVI. However, this was a fairgwrrendering at best, which necessitated




further conversion to the ASPRS LAS (Log ASCII Stard) 1.x file format in order to take full
advantage of the analysis tools available. TheS.lfAe is an industry standard, public file
format specifically for the containment of LIDAR egfic information for the exchange or
dissemination. It is a binary, compact format ¢ampared to ASCII), and easy to read / use
within a wide range of GIS, CAD and other LiDAR dairocessing tools. Conversion to the
LAS format was performed by ENVI's LIDAR ToolkitqtLAS 1.2) and Geocue’s LP360, (to
LAS 1.3). It must be noted at this point thatth# LAS files, when initially rendered in any of
the available tools, the terrain elevations allieitbd an offset of approximately -37.5 meters.
This is due to a disparity between the data gather& TM (ellipsoidal heights), the geoid of the
earth, and the reference datums. This difficultyit& solution are further examined in the
Reference Conversion section below. The LAS filas be analyzed individually, but for more
macro analysis it proved more beneficial & expetltenmerge the required LAS files together
into one. This merging was performed by ENVI's AR Toolkit & Martin Isenberg’s
LASTOOLS. With all the LAS files in hand, analydisrendering could begin in earnest. This
was accomplished via TerraSolid software running iBentley Microstation V8i environment,
the results of which were further processed & readewith Global Mapper GIS software,
versions 12 & 13. TerraSolid is a state-of-theqaaddular CAD system for LIDAR data
processing and imaging, run on a powerful workstatio take maximum advantage of its
features. In particular, the TerraScan module wsed for loading the LAS cloud-point files,
filtering out artifacts, and creating the DTM clepdint by eliminating buildings, trees and other
non-terrain elements, (the DTM cloud-point dataldotnen be used in Global Mapper for
detailed color renderings & beach profiles). Therr@Modeler module was used to create
various surface models from the cloud-point datdgred by absolute elevation. While these

models are excellent for scientific analysis, samitenderings created in Global Mapper are




easier to manipulate and add pertinent data tpriesentation purposes. Global Mapper (GM) is
technically a GIS software package, but in thisterhit is used primarily as a rendering &
profiling tool for data processed and formatteceeisere. It should be noted that extensive
testing and experimentation went into determinimg lhest way to display the data (in TerraScan
& Global Mapper), how to remove terrain featurd® they man-made or otherwise), render the
DTM and prepare the results for presentation. pimgose here is not to detail all the various
tests performed, but to cover the method to amgiah the graphical results displayed below.
Once the LAS cloud-point data were read into Teza&$ it could be filtered & modeled as
needed using tools from TerraSolid and Microstati@ince this started as QFILT rather than
VALID format, there is only one return to work with the converted LAS files. If the data is
colored by return, obviously only one color wilglay, which is less than helpful. This can be
initially dealt with by changing the display modedolor the data by elevation, which can give
the user a better context of the data. From tlsetoof loading data in TerraScan, all data points
are classified as ‘1-Default. Using the Classifpeine>BYy Class algorithm, all points were re-
classified as ‘2-Ground’. This provided a basesslavhere all remaining terrain points would
stay, while filtered points would be classified esiere. Note from here that the entire
methodology of creating DTMs in TerraScan & Globapper is based on proper classification
of points, and then modeling or exporting thosess®a that are desired, while eliminating those
that are not. Now that all points are classifisdZzaGround’ filtering can begin. There were two
areas that were processed heavily: the first isthehern peninsula of Assawoman Island, VA;
the second was the entire NASA Flight Facility aal\dps Island, VA. The base has numerous
buildings, towers and other man-made structuresndeded to be removed for the creation of a
DTM, which made data classification a more extemsimdertaking. The Assawoman peninsula,

by contrast, has no such features, and its DSM hisdeearly a DTM as it is save LIDAR




artifacts that needed to be filtered out. Note data-set as a whole was littered with various
artifacts and anomalies, which rendered as takespin the models, and caused the elevation
coloring to be skewed considerably due to the sofwools trying to triangulate the anomalies
with the rest of the dataset. These artifactsgearerally be explained as blips during / after data
acquisition, flocks of birds, wave spray, etc. Thst step in filtering was to use the
Classify>Routine>Isolated Points algorithm in T&tan, to a resolution of 3.5ft. In other
words, the algorithm examines all the points inltteded set. If it comes across a point in the
data space that has no other points within 3.5ftseff, it is classified as an isolated point &
placed in the ‘1-Default’ class. The Default classuld be the ‘trash-can’ of sorts for anomalies
and other such useless points. In the case ofMakops base, the next step was to classify
points by the Classify>Routine>By Absolute Elevatialgorithm in TerraScan. This made it
possible to break the overall elevation range, r@dmately -10 to 158ft) into pieces and
classify data points by Low, Medium, or High Vedita, & Buildings. Once the building
points & high vegetation was filtered out, the re$tthe points were re-grouped into one
classification (‘2-Ground’) for modeling in TerraMeler and Global Mapper. Extensive trial
and error for elevation parameters was tested lasréhe balance had to be achieved between
filtering out what was needed, (buildings, anonglietc.), while not scraping into the ‘bare
earth’ and eliminating good data. While the altons detailed above provided about 90% of
the needed filtering, it was still necessary tofgren some of classification manually. This was
accomplished by using the Microstation ‘View Ratati& ‘Pan’ tools to view the data from the
right sides (perpendicular to the ground), zoontoirthe southernmost point of the data, and
steadily scan northward. When anomalous or naaiteipoints are encountered, they can be
corralled by the Microstation ‘Fence’ tool, and rihelassified by the Classify>By Class tool,

selecting the appropriate class, (being sure tockchénside Fence’, which applies the




classification only to the fenced in points). Thnual technique for classification was very
effective for micro-filtering, but also very tedi®and time consuming, (this is a good example
of why the cropping / filtering of data at the ENStript stage was so important). Once all of
the classification was completed to an acceptael) the cloud-point data was re-saved to its
own LAS file so it could be compared to the undfees, unfiltered file down the processing
chain. At this point, the filtered, classified atbpoint could be modeled in TerraModeler, as
well as rendered and profiled in Global Mapper.rralodeler takes the cloud-point data and
creates a 3D surface model from it; exquisitelyadetd & colored by absolute elevation.
Rendering, profiling & additional 3D images of thata were then performed in Global Mapper.
These operations did not modify the data, but @hignged parameters that dealt with the map
legends, scales and coloring. Beach/land profieie obtained with Global Mapper’s Profiling
Tool, with comparisons made between the unfiltdd&M, the filtered/classified DTM, and VA
State data from the exact same latitude/longitudsitipns. These images are found and

explained in more detail in the Results section.
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3.2.2. REFERENCE, DATA CONVERSIONS & VALIDATION

The most difficult obstacle to overcome was alignihe elevation reading from one
datum to another. Elevation values on the firsMD®ndered appeared as highly inaccurate, but
were in fact misinterpreted. Note again that teet information derived from any LIDAR
system is a derivative of the time it take the putsleave the receiver, bounce off an object and
return to the LIDAR system. Initially LIDAR dataas collected in Universal Transverse
Mercator projection (UTM), with a point density @fie per square meter. UTM is referred to as
‘pseudoycylindrical’ by cartographers and geographsince it is designed to preserve the
perceived shape of the Earth’s surface. Thus esseagdisparity between the ellipsoid, geoid
and reference datum of the Earth, which clearlysgmés and issue for researches of the Mid
Atlantic coastal environment. Furthermore thislaxs the unusual negative elevation values
on the LIDAR data, as the UTM projection (ellipsalidwas below the geoid of the Earth (See
Figure 4 “Geoid variations). To meet the end gofathe project elevation values had to be
changes to sea level values, to model effects aieseel rise and flood inundation from storms
(Webster, et al., 2003). Thus a transformatiodaifim height values was required to attain the
proper elevation readings, which necessitated avezsion of the data in both vertical and
horizontal planes. This conversion was accomplishusing Blue Marble Geographics
Geographic Calculator 3.2 software, in three diststeps. The first step was to take the data,
which was formatted in WGS84 coordinates, and cdritzéo NAD83 / VA SPCC via the Blue
Marble ITRFOO to NAD83 HTDP transform, (dated 4BW). The second step was to convert
the data, now formatted in NAD83 / VA SPCC to NADBARN SPC VA South via the Blue
Marble NAD83 to NAD83 HARN transform. The all-imgant third step was to convert the
vertical plane from WGS84 Ellipsoidal Heights t@ tNorth America Vertical Datum 1988 the

Blue Marble GEIOD99 grid, (which was a supplemerdalvnload from the Blue Marble




website). The final conversions were executed authsoftware errors, (indicating a
mathematically successful conversion).

It was then necessary to validate the transforna¢d dgainst known ground truth points
to ensure there was not significant error. TheeeavB59 such ground truth points available to us
as provided by NASA. Validation calculation wasfpemed & is presented here in two distinct
statistical formats: RMS error analysis & histagranalysis. Beginning with RMS error
analysis, an initial baseline needed to be estadiiso set the ‘goal’ of accuracy to work toward.
This was accomplished by comparing these controltpoexcluding outlier points, against the
TNC DTM (rendered using IMG files) in Global Mapp&8. For calculation of RMS values,
outliers to be removed were considered to be tha HASER minus CONTROL of greater then
1ft. There were 21 such outlying points found &mhated when comparing the TNC DTM to
the NASA control points. The RMS error value fbese remaining 338 points was 0.430ft, or
13.113cm. This was then considered the approxifgatd’ of accuracy.

Further RMS error calculation was then performeidgid05 NASA control points that
had corresponding points in the MU-Method 2 DTMsTerraScan & Global Mapper. It was
necessary to pare down the number of control paiségsl due to the laser scan coverage of the
study area during the initial LIDAR data acquisitiights. The TNC DTM has complete data
for every square foot of the study area, whiledhtaset that the MU-Method 2 DTMs are based
on has gaps in the flight paths, (see MU-Figure These gaps create holes in the rendered
dataset, which leaves no corresponding DSM / DTNhhtpimr some of the control points. Such
gaps skew RMS & other calculations if left in thataket. Hence, once the final DTM was
created, all 359 control points were loaded witim iTerraScan. An Output Control Report was
run, and any control points outside the processtd thnge were eliminated. This new set of

control points was then compared to the same DT, @ndered in Global Mapper. A similar




report was run & points outside the processed datige eliminated. (NOTE: there are slight

differences in how TerraSolid & Global Mapper rendatasets, which is why there were some

control points that were valid in program & not tbgher, and vice versa). Finally, all outliers

delta LASER minus CONTROL of greater then 1ft wetieninated, and 105 common points

were left to do the remaining RMS calculations. efehwere 3 primary RMS error analyses

performed against these 105 control points: théhbt&2 DTM in Global Mapper, the Method 2

DTM in TerraScan, and the TNC DTM in Global Mappéeks the full results show (see MU-

TABLE 1 below), the MU DTMs are roughly 2cm bettean the TNC DTM against the same

105 control points, and extremely close to the TINIOM baseline.

PTS.) using GLOBAL | | PTS.) using TERRASCAN | | \103 CTRLPTS.) using OUTLIERS > 1) using
GLOBAL MAPPER V13

MAPPER V13 Vi1 GLOBAL MAPPER V13

FT | oM FT | o™ FT | oM FT | oM
AVGDZ |-0.057| -1.750 | |AVGDZ |-0.054| -1.637 | |AVGDZ |-0.234| -7.146 | | AVG DZ |-0.271| -8.274
MIN DZ |-0.866|-26.396| | MIN DZ |-0.871|-26.548| | MIN DZ |-1.329|-40.508| | MIN Dz |-0.978(-29.817
MAX DZ | 0.945 | 28.804 | |MAXDZ|0.945 | 28.804| |MAXDZ|0.871 | 26.548 | |MAXDZ|0.871 | 26.555
RMS  |0.438|13.348| | RMs |0443|13501| | RMs |0.495 15074 | RMs |0.430|13.113
STD DEV| 0.436 | 13.296 | |STD DEV| 0.442 | 13.466 | |STD DEV| 0.438 | 13.336 | |STD DEV|0.334 | 10.188

MU-TABLE 1 -- RMS COMPARISONS

The other validation calculation was done by crepéil histogram against all usable

control points that had a corresponding DTM pdimtjuding all outliers. Two comparisons

were made. MU-FIGURE 21 shows the distributiopaints for the METHOD 2 DTM created

in TerraScan against the TNC DTM. MU Figure 22w$the distribution of points of the

METHOD 2 DTM created in Global Mapper against ti¢CTDTM. In both of these views,

particularly the METHOD 2 DTM created in TerraSolide distribution of points is quite even

on both sides of the zero mark as compared to M@ DTM, which leans somewhat to the




negative side of zero. This demonstrates thaRi& values previously calculated, which
match the TNC DTM very closely, are indeed quiteuaate compared to the NASA control

points. Appendix 2 displays the full results ofsle calculations.




SECTION 4: RESULTS

4.1.1. RESULTS — METHOD #1, EAST STROUDSBURG UNIVERY

DSM & DTM IMAGERY
Digital Results available at: ftp://panther.esu.ediguest/NASA/Phasel/
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4.1.2. RESULTS — METHOD #1, EAST STROUDSBURG UNIVERY:
VALIDATION GRAPH
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4.2.1. RESULTS — METHOD #2, MILLERSVILLE UNIVERSITY
DSM & DTM IMAGERY
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4.2.2. RESULTS — MILLERSVILLE UNIVERSITY:
DSM vs. DTM BEACH PROFILES & BIRD LOCATIONS
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4.2.3. RESULTS — MILLERSVILLE UNIVERSITY:
VALIDATION IMAGERY & GRAPHS
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SECTION 5: CONCLUSION

We have processed the airborne LIDAR data from selbee topographic survey over
NASA'’s Wallops Island, Virginia base and surrourgdincations. Two approaches are used to
produce a number of DSM's and DTM's. However, esttenvalidation using NASA supplied
control points yielded almost similar errors of eppmately +/- 13 cm. and comparable to
similar DTM's available for the area.

The piping plover nesting site locations, providgdUSFWS, are then overlaid on the
DTM. Our results showed that the piping plover umausly chose to nest on the leeward side
of the sand dunes. Although many possible reasande gleaned from this result, a complete
analysis is needed for confirming the nesting bairaf these birds

Our results also provide synoptic elevation vieWsasious barrier island features
including beach morphology and salt marshes oétigangered Chincoteague Wild Life
Refuge.

Future work will focus on developing improved DTM'sing LIDAR waveform data,
understanding changes brought about by hurricame land developing model to study the
potential impacts of sea level rise on coastal ystesn from climate change and east coast

cyclogenesis.
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SECTION 7: GLOSSARY

ArcMap - a software product developed by the companyranuental Systems Research Institute, Inc. in
Redlands, California. It is designed to assistaugethe analysis of spatial data, through editiigwing and
symbolizing features. The software is proficient@veloping digital maps to be exported in papemfar loaded

onto an server for further analysis.

ArcCatalog — a software product developed by the companyrenrient Systems Research Institute, Inc. in
Redlands, California. It was developed in tandem WrcMap, but is designed to administer geodatabasnd

serve as an integrated viewer of all data files.

ArcScene- a software product developed by the companyrenmient Systems Research Institute, Inc. in

Redlands, California. Its primary function is tampide three dimensional analysis of geospatial.data

Blue Marble Desktop— a software package which is designed to andfgrsformations between various
coordinate systems and assist in error analysigastheavily used to identify disparities in elématreading

between the LIDAR data and in situ measurementntalkiring field trips.

Digital Surface Model (DSM) - a vector or rasterized surface model of thegssed LIiDAR point cloud that

contains natural and manmade features such asamedsuildings.

Digital Terrain Model (DTM) - a vector or rasterized surface model of thegssed LIiDAR point cloud that

excludes natural and manmade features (leavintptre earth”) that aren’t considered part of therw@pology.

Environmental Systems Research Institute, Inc. (ESR — is a software engineering firm created in
Redlands, California in 1969. The company provitigh rate support for users wishing to create, @it
manipulate geospatial data through geostatistinéltapological analysis tools. ESRI is recognizedcfeating the

GIS software package known as ArcGIS.

Georeference— the process of defining a product in physicalcgp Users working in a GIS environment define a

data file in physical space by assigning a cootdisgstem, such as Latitude and Longitude.

Geographic Information System (GIS)- a collection of software, hardware, people, pcares, and data used

to capture, store access and manipulate spatil dat




Geodatabase- the standard file storage system for GIS systéresables multiple users to access data files

concurrently, to quickly solve complex geospatiaigems.

Global Positioning Satellite (GPS)- the system of 24 NAVSTAR satellites orbiting tilanet Earth which

provide georeferencing to users on the planet serfa

Interactive Data Language (IDL) — a programming language popular in the scierapte sensing, and

astronomical fields. It was developed in the 19&0he University of Colorado at Boulder.

International Terrestrial Reference Frame (ITRF) —a dynamic reference frame consisting of a large
network of ground control stations that monitoritllanging positions to establish continental gitles and

improve the accuracy of measurements.

Latitude — a measure of the angular distance north or saitie Earth’s equator. Latitude degrees can la¢so

referred to as Parallels.

Longitude — a measure of the angular distance east or wetblecssurface of the Earth. Longitude degrees ksan a

be referred to as Meridians.

LiDAR Archive Standard (LAS) — industry standard binary file format with theA& extension used for the

storage of LIDAR points and associated informatiguch as waveforms, with later versions).

Light Detection And Ranging (LiDAR) - a form of remote sensing which uses active las@ssions to

characterize the spatial, land use, and terraifit@saof surveyed areas.

North America Datum 1983 (NAD83)- the datum in use for North America that clogedgs the North

American landmass to the surface of the represeatalipsoid.

North American Vertical Datum 1988 (NAVD88) — the vertical datum in use for North America tblatsely
fixes the North American landmass to the surfacthefrepresentative ellipsoid such that verticaghis are

approximately that of sea level.

National Aeronautics and Space Administration (NASA — the organization in the United States Federal
government which address challenges of better stateting the aeronautics and North American Dathih®83 —

the primary geodetic network for North America.




State Plane— a set of 124 unique geographic zones, or coatelisystems, which are specifically calculated for
regions of the United States. The primary useategplane is to reference geographic informatiostate and local
government. This is a highly accurate coordinatgcstre in that it: is designed to ignore the ctuve of the Earth,
and has simplified calculations resulting in aroefrequency of less than 1:10,000. It is not fielesfor national

mapping.

Universal Transverse Mercator (UTM) — a geographic coordinate system which displags#rth on a grid
pattern and attempts to maintain an ellipsoid mofl¢he Earth. It was developed the United Stateggment in

the 1940s.

United States Fish & Wildlife Service— an agency within the United States federal gowent that is
charged with the protection of fish, bird and wifielhabitats which reside inside the borders ofuinéed States of

America.

World Geodetic System of 1984 (WGS84) the standard coordinate frame and structuréhioplanet Earth.

Coordinates in this system are defined using ké¢itand longitude.




SECTION 8: APPENDICES

APPENDIX 1: QFIT FILE DESCRIPTION
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APPENDIX 2: ESU DATA

ALL COVERAGE POINTS

NASA PHOTOGRAMMETRY METHOD 1 DTM TNC DTM
1D X1 Y1 Z1 DELTA-Z |DELTA-Z| Z DELTA-Z |DELTA-Z|

1| 12351360.33 3848088.039 20.29 0 0 0 | 10.380415 -9.911185 9.911185

2| 12351047.26 3848361.221  9.7699 0 0 0| 9.216363 -0.553605 0.553605

3 | 12350875.67 3848508.625  9.2844 0 0 0| 8.995841 -0.288563 0.288563

4 | 12350736.09 3848630.305  9.3992 0 0 0 | 8.524485 -0.874749 0.874749

5| 12350621.03 3848729.455  9.1826 0 0 0| 8.529466 -0.653233 0.653233

6 | 12350343.72  3848969.75 8.559 0 0 0| 8.307435 -0.251905 0.251905

7 | 12350192.75 3849100.507 8.7725 0 0 0| 8.497068 -0.275526 0.275526

8 | 12350032.08 3849239.926  8.8185 0 0 0 | 8.408648 -0.409878 0.409878

9 | 12349917.29 3849339.345  8.8447 0 0 0 8.46109 -0.383683 0.383683
10| 12349756.02 3849479.358  9.0088 0 0 0| 8.816548 -0.192266 0.192266
11| 12349619.23 3849597.645  8.6643 0 0 0| 8.776418 0.112091 0.112091
12| 12349462.71 3849733.318  8.6249 0 0 0| 8.548252 -0.076705 0.076705
13| 12349324.71 3849852917  8.6938 0 0 0| 8.659413 -0.034441 0.034441
14| 12349140.68 3850012.723  8.6249 0 0 0 8.5532 -0.071757 0.071757
15| 12348956.7 3850172.204  8.6479 0 0 0| 8577363 -0.07056 0.07056
16 | 12348772.87 3850331.935  8.3887 0 0 0| 8.625274 0.236537 0.236537
17| 12348657.22  3850431.82 8.9366 0 0 0| 8.708887 -0.227749 0.227749
18 | 12348657.22  3850431.82 8.9366 0 0 0| 8.708887 -0.227749 0.227749
19| 12348548.28 3850526.108  8.7824 0 0 0 8.83531 0.052873 0.052873
20 | 12348254.03 3850781.045  9.1531 0 0 0| 8.868291 -0.28488 0.28488
21| 12348093.94 3850920.005  9.4550 0 0 0| 8.911928 -0.54308 0.54308
22 | 12347910.08 3851079.886  8.1820 0 0 0| 7.905086 -0.276958 0.276958
23| 12347835.49 3851144.004  8.3493 0 0 0| 8.009694 -0.339673 0.339673
24 | 12347636.23 3851310.562  8.7791 0 0 0| 8.246345 -0.532811 0.532811
25| 12347398.74  3851501.47  9.4156 0 0 0| 8.786402 -0.629236 0.629236
26 | 12347090.72 3851748.947 10.5737% 0 0 0| 9.831089 -0.742683 0.742683
27| 12346378.7 3851499.072 14.5238 0 0 0 | 14.117956 -0.405939 0.405939
28 | 12345844.03 3850204.042 15.1767% 0 0 0 | 14.751185 -0.425596 0.425596
29| 12345797.71  3850043.74 15.0389 0 0 0 | 14.709621 -0.329365 0.329365
30 | 12345565.73 3849491.763 13.237§ 0 0 0 | 12.546062 -0.691747 0.691747
31| 12345598.87 3849057.384 11.1151 0 0 0| 10.45405 -0.661059 0.661059
32 | 12345367.43 3849232.836 13.1557% 0 0 0 | 12.697249 -0.458539 0.458539
33 | 12345365.98 3848895.196 12.6866 0 0 0 | 12.151203 -0.535426 0.535426
34 | 12345159.02 3848961.249 14.182€¢ 0 0 0 | 13.657542 -0.525147 0.525147
35| 12344973.24 3848720.564 14.9864 0 0 0 | 14.430645 -0.555848 0.555848
36 | 12347166.67 3852478.447 -0.8 0 0 0 | 15.779671 16.593671 16.593671
37 | 12346772.67 3851991.292 15.1767% 0 0 0 | 14.903486 -0.273295 0.273295
38 | 12362917.67 3853502.844  4.7470Q 0 0 0| 4.125439 -0.621573 0.621573
39 | 1236287291  3853342.52  4.3992 0 0 0| 3.882505 -0.516739 0.516739
40 | 12364334.36  3856389.84  4.2417 0 0 0| 3.778445 -0.463319 0.463319
41 | 12364461.59 3856530.394  4.0414 0 0 0| 3.632741 -0.408892 0.408892
42 | 12364585.89 3856670.377  3.966] 0 0 0| 3.623586 -0.342588 0.342588
43 | 12364691.87 3856784.872  3.9792 0 0 0| 3.797154 -0.182143 0.182143
44 | 12364534.16 3856983.785  5.2424 0 0 0| 4.380313 -0.862105 0.862105
45 | 12364653.37 3856854.042 4.54 0 0 0| 4.114504 -0.429096 0.429096
46 | 12363757.93 3855746.199  4.6387 0 0 0| 4.366245 -0.272499 0.272499
47 | 12363919.32 3855927.498  4.3334 0 0 0 4.17064 -0.162987 0.162987
48 | 12364152.4 3856187.931  3.9235 0 0 0| 3.953671 0.030148 0.030148
49 | 12363193.52 3855119.307  5.0849 0 0 0| 4.554658 -0.53028 0.53028
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12361299.24
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12361193.15
12361110.14

12361025.3
12360836.37
12360660.02
12360497.52

12359413.5
12358987.25
12360394.24

12360274.2
12360190.15
12360129.43
12360056.73
12359907.87
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12359706.41
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12359288.69

3855167.368
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3855590.632
3855263.398
3855175.669
3854288.748
3854568.859
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3854588.373
3854630.319
3854847.244
3854982.972
3854125.743
3853216.916
3852852.658
3853102.291
3852997.146
3852706.212
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3852464.72
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3851316.582
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3851180.149
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3850990.615
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3850920.904
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0
5.039999
4.44
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5.38
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4.269999
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12358287.05
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3846811.617
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3848698.06
3848766.886
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3848884.425

3848850.14
3848497.159
3848343.235
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3848093.147
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5.4917
5.3113
5.298]
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4.3795
4.5468
4.9504
5.3834
5.4195
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5.8296
5.3804
5.5803
5.4621
5.6724
5.5447
5.353¢
5.3441
5.5212
5.075(
4.313¢
3.8644
4.327(
5.4163
5.298]
5.4753
5.6393
5.7804
4.4517%
4.0481
6.3775
6.236
5.1636
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5.4359
6.1052
4.6124
5.1177
5.6558
5.960
6.1514
6.1019
5.8364
5.659(
6.0462
10.869(¢
10.3769
10.3047
9.9635
9.5993
8.6708
8.953
8.2607
8.5724

9.4287

5.139999
5.839999
6.339999
5.92
4.789999
4.61
4.61
3.909999
5.529999
6.69
5.839999
5.109999
5.309999
6.109999
5.949999
5.44
5.779999
5.199999
5.799999
5.539999
4.65
3.97
3.649999
4.92
5.38
4.739999
5.429999
5.579999
4.769999
4.299999
6.659999
6.579999
5.239999
5.739999
5.529999
5.75
4.799999
0
4.949999
5.579999
5.069999
5.839999
5.779999
5.449999
5.369999
10.229999
9.659999
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9.469999
9.599999
9.599999
9.38
8.309999
9.439999
9.01

-0.351762
0.528684
1.041807
0.434801

0.41044
0.063119

-0.340424

-1.473495
0.110416
0.909526
0.010312

-0.270214

-0.270345
0.647765
0.277792

-0.104254
0.426033

-0.144125

0.27871
0.464904
0.336058
0.105532

-0.677066

-0.496302
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-0.735358

-0.2094

-0.200475
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0.282413
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0.187501
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-0.716923
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0.000635
0.92911
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0.049215
0.867535

-0.418761
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0.300624
0.144613
1.081282
1.250468
0.265588

0
0.929311
1.012435
0.533564
0.467844
0.911596
0.033775
0.439523

10.014317
9.589545
8.898253
9.052953
9.011878
9.078045
9.141056
9.005164
9.180253
8.501819
8.622166
8.436663
8.357739
8.403142
8.614483
8.144481
8.192395
7.725495
7.894237
7.974409

8.12357
8.506296
9.022404
9.094462
6.450379

6.83222
6.548026
6.401054
6.758516

6.54661
6.633237
5.693173
7.055799
6.811119
7.067656
9.621812
9.166035
8.975467
8.643102

9.03401

9.05198
9.510579
9.501391

9.79557
8.223289
8.334363
7.969083
9.108931

9.28499
9.104513
8.895793
8.786001
8.751363
8.696326
8.751334

-0.096857
0.30186
0.161748
-0.42174
0.065399
-0.107934
-0.300828
-0.131603
-0.051658
-0.057521
0.367943
-0.145643
-0.401732
-0.533494
-0.276221
-0.651079
0.148146
-0.000514
0.345393
0.038427
0.220396
-0.030078
0.190755
0.374361
0.440246
0.389017
-0.334808
-0.353828
-0.360538
-0.395279
-0.121645
-0.55318
-0.069817
-0.242319
-0.094049
-0.118628
-0.472699
-0.092402
-0.437891
-0.499738
-0.586754
-0.285635
-0.019233
-0.309043
-1.047992
-1.196104
-0.616504
-0.956312
-0.734321
-0.927921
-0.857771
-0.491842
-0.500233
-0.627448
-0.838188

0.096857

0.30186
0.161748

0.42174
0.065399
0.107934
0.300828
0.131603
0.051658
0.057521
0.367943
0.145643
0.401732
0.533494
0.276221
0.651079
0.148146
0.000514
0.345393
0.038427
0.220396
0.030078
0.190755
0.374361
0.440246
0.389017
0.334808
0.353828
0.360538
0.395279
0.121645

0.55318
0.069817
0.242319
0.094049
0.118628
0.472699
0.092402
0.437891
0.499738
0.586754
0.285635
0.019233
0.309043
1.047992
1.196104
0.616504
0.956312
0.734321
0.927921
0.857771
0.491842
0.500233
0.627448
0.838188




215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

12353289.69
12353173.08
12353077.28
12352924.68
12352638.28
12352330.78
12351848.63
12354280.74
12354259.96
12354234.17
12354197.91
12354162.74
12354105.43
12354074.46
12354054.74
12354011.89
12354003.42
12353881.61
12353880.08
12353820.83
12353813.15
12353750.39
12353913.76
12353862.66
12353777.12
12353705.58
12353660.12
12353632.59
12353575.08
12353480.38
12353429.13
12353381.29
12353337.17
12353377.51
12353336.97
12353300.36
12353298.95
12353236.83
12353234.38

12353199.7
12353180.47
12353078.52
12352992.26
12352961.61

12352950.4
12352210.04
12352177.37
12352141.85
12352056.95
12351952.03
12351641.77
12351600.55
12351557.24
12351431.68
12351349.54

3846416.287
3846517.084
3846600.657
3846733.202
3846981.519
3847247.325
3847666.311
3842846.028
3842789.791

3842827.36
3842751.475

3842668.01
3842640.632
3842553.437
3842619.431

3842517.86
3842835.451
3842491.514
3842769.906
3842544.464
3842715.914
3842607.187
3842396.272
3842475.753
3842377.794
3842266.659
3842149.931
3842353.555
3842167.161

3842116.42

3842144.16
3842184.711
3842291.498

3841723.54
3841674.269
3841782.707
3841691.634
3841565.345
3841606.677
3841689.265

3841799.37
3841655.066
3841480.969
3841535.411
3841840.899
3840903.529
3840859.464
3840653.792
3840702.535
3840770.944

3840425.39
3840274.662
3840124.449
3839804.394
3839675.211

9.6124
9.7734
9.7504
10.0061
9.5763
20.1767
47.575
7.0173
7.0928
11.1807
7.2666
7.0567
7.2568
5.9018
6.8073
6.1741
6.4794
6.4267
6.8237
6.36771
6.5186
6.1807
6.2104
6.3119
5.3375
5.7279
6.2104
6.0659
6.0429
6.2102
5.409
4.5403
3.7201
6.5809
6.6269
6.3384
6.279]
6.630
6.4797
6.3611
6.3447
5.9904
7.2109
7.000¢
3.100(0
3.0114
3.0705
4.858
5.2588
2.1649
8.5757
7.9884
8.6577
10.540¢

10.7909

8.949999
9.139999
8.72

0

0

0

0

6.94
7.259999
7.259999
7.179999
7.659999
7.17
6.25
6.73
6.119999
6.699999
6.15
6.389999
6.42
6.309999
6.25
6.069999
6.119999
5.029999
5.339999
5.98
5.889999
5.579999
5.75
5.139999
4.69
2.99
6.949999
6.639999
6.779999
6.519999
6.849999
6.319999
6.529999
5.859999
5.699999
6.629999
6.289999
3.029999
2.289999
2.899999
4.679999
5.4

2.2
8.079999
7.75
8.649999
9.889999
10.619999

-0.662489
-0.63325
-1.030283

0

0

0

0
-0.077349
0.167191
-3.920727
-0.086693
0.60328
-0.086849
0.348135
-0.077375
-0.054175
0.220707
-0.276799
-0.43378
0.052256
-0.208663
0.069264
-0.140265
-0.19197
-0.307563
-0.387982
-0.230264
-0.175908
-0.462942
-0.460264
-0.269741
0.149681
-0.730111
0.369001
0.01307
0.441783
0.240838
0.219789
-0.159293
0.168817
-0.484779
-0.290449
-0.580919
-0.710945
-0.070035
-0.721452
-0.170507
-0.178561
0.141178
0.035004
-0.495745
-0.238475
-0.007766
-0.650965
-0.170308

0.662489
0.63325
1.030283

0

0

0

0
0.077349
0.167191
3.920727
0.086693
0.60328
0.086849
0.348135
0.077375
0.054175
0.220707
0.276799
0.43378
0.052256
0.208663
0.069264
0.140265
0.19197
0.307563
0.387982
0.230264
0.175908
0.462942
0.460264
0.269741
0.149681
0.730111
0.369001
0.01307
0.441783
0.240838
0.219789
0.159293
0.168817
0.484779
0.290449
0.580919
0.710945
0.070035
0.721452
0.170507
0.178561
0.141178
0.035004
0.495745
0.238475
0.007766
0.650965
0.170308

8.691919
8.7756
8.813873
8.908828
9.30463
19.114204
-2.630113
6.888183
6.813879
7.014269
6.979251
7.772058
7.068476
5.987701
6.333884
5.749839
6.291195
5.950904
6.571554
5.995025
6.187253
5.853418
5.827069
6.014496
5.026043
5.268988
5.988109
5.675189
5.734004
5.717295
4.919387
4.296498
3.373695
6.264451
6.272705
5.999213
6.061347
6.356036
6.096947
5.960608
5.928854
5.60671
6.455106
6.267304
2.82646
2.50499
2.86726
4.681984
5.098939
2.200376
8.282666
7.799761
8.665457
10.442873
10.693658

-0.920569
-0.997649
-0.93641
-1.09736
-0.271769
-1.062567
0

-0.129166
-0.278929
-4.166457
-0.287441
0.715339
-0.188373
0.085836
-0.473491
-0.424335
-0.188097
-0.475895
-0.252225
-0.372719
-0.331409
-0.327318
-0.383195
-0.297473
-0.311519
-0.458993
-0.222155
-0.390718
-0.308937
-0.492969
-0.490353
-0.243821
-0.346416
-0.316547
-0.354224
-0.339003
-0.217814
-0.274174
-0.382345
-0.400574
-0.415924
-0.383738
-0.755812
-0.73364
-0.273574
-0.506461
-0.203246
-0.176576
-0.159883
0.03538
-0.293078
-0.188714
0.007692
-0.098091
-0.096649

0.920569
0.997649

0.93641

1.09736
0.271769
1.062567

0

0.129166
0.278929
4.166457
0.287441
0.715339
0.188373
0.085836
0.473491
0.424335
0.188097
0.475895
0.252225
0.372719
0.331409
0.327318
0.383195
0.297473
0.311519
0.458993
0.222155
0.390718
0.308937
0.492969
0.490353
0.243821
0.346416
0.316547
0.354224
0.339003
0.217814
0.274174
0.382345
0.400574
0.415924
0.383738
0.755812

0.73364
0.273574
0.506461
0.203246
0.176576
0.159883

0.03538
0.293078
0.188714
0.007692
0.098091
0.096649




270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

12351225.15
12351176.77
12351150.6
12351100.84
12351052.12
12351017.95
12353964.06
12353892.34
12353886.44
12353870.59
12353816.48
12353793.58
12353719.93
12353671.24
12353617.55
12353600.02
12353560.62
12353535.93
12353523.69
12353486.5
12353452.08
12353443.86
12353354.31
12353716.98
12353660.62
12353651.29
12353543.24
12353455.2
12353304.35
12353291.66
12353256.53
12353231.1
12353181.51
12353136.29
12353062.89
12352941.43
12352921.67
12353552.05
12353470.7
12353469.73
12353154.7
12352899.31
12352881.55
12352871.97
12352866.64
12352863.76
12352857
12352851.5
12352844.43
12352837.25
12352834.35
12352825.81
12352810.5
12352783.05
12352745.79

3839462.816
3839351.659
3839285.953

3839160.98
3839045.009
3838964.012
3843481.138
3843759.284
3843710.715
3843812.532
3843622.405
3843894.868
3843965.905

3843761.82
3843813.067
3844083.562
3843867.752
3843831.256
3844164.897
3843875.052
3844092.794
3843944.825
3843987.801
3843523.658
3843494.436
3843213.022
3843488.747
3843841.771
3843503.573
3843922.096
3843525.515
3843855.308
3843573.583
3843604.189
3843653.274
3843438.655

3843362.94
3842734.769
3842688.145
3842697.669
3842515.593
3843281.723
3843185.384

3843096.71
3843020.014
3842962.659
3842813.328

3842697.21
3842552.771
3842438.952
3842364.878

3842270.98

3842182.44
3842080.508
3841977.474

10.9543
10.600(
10.7903
10.4819
10.7314
10.741(
3.7496
6.5416
7.037(
6.7548
7.4471
7.9164
8.6085
3.1787
2.8834
10.0225
2.9064
2.0403
9.1433
2.9852
8.5494
3.519
9.976
7.0829
7.096(
3.615]
7.6833
4.4353
10.0357
9.622
9.543
9.976
10.1505
10.340¢
9.993(
10.9317
10.3374
3.6479
3.6873
4.4156
3.8874
10.583¢
10.5901
10.2719
9.7699
9.970(
9.7568
9.7929
9.5468
9.1826
9.8749
9.4154
9.4287
9.5698

9.4744

10.5
10.63
10.92
10.719999
10.84
10.63
2.72
5.599999
5.966038
5.609999

7
7.869999
8.109999
2.669999
2.329999
9.489999
2.759999
2.159999
8.319999
3.009999
7.599999
3.039999
8.679999
6.359999
6.379999
3.24
7.21
3.029999
8.899999
9.59
8.47
8.569999
8.869999
8.5

8.8
9.729999
9.319999
3.059999
3.839999
4.519999
2.569999
9.069999
9.449999
9.22
8.84
9.229999

0

9.42
9.269999
8.46
9.769999
8.679999
8.819999
8.479999
8.96

-0.454349
0.029981
0.129693

0.23809
0.108748

-0.111094

-1.029639

-0.941629

-1.070996

-1.144883

-0.447138

-0.046298

-0.498554

-0.508775

-0.5535

-0.532593

-0.146465
0.119675
-0.82333
0.024795

-0.949499

-0.479981

-1.296661

-0.722966
-0.71609

-0.375124

-0.473358

-1.405334

-1.135716
-0.03233
-1.07359

-1.406661

-1.280545

-1.840833

-1.193064

-1.201384

-1.017553

-0.587934
0.152696
0.104351

-1.317435

-1.513615

-1.140177

-1.051935

-0.929968

-0.7401
0

-0.372934

-0.276872

-0.722699

-0.104955

-0.735639

-0.608762

-1.089838

-0.514693

0.454349
0.029981
0.129693
0.23809
0.108748
0.111094
1.029639
0.941629
1.070996
1.144883
0.447138
0.046298
0.498554
0.508775
0.5535
0.532593
0.146465
0.119675
0.82333
0.024795
0.949499
0.479981
1.296661
0.722966
0.71609
0.375124
0.473358
1.405334
1.135716
0.03233
1.07359
1.406661
1.280545
1.840833
1.193064
1.201384
1.017553
0.587934
0.152696
0.104351
1.317435
1.513615
1.140177
1.051935
0.929968
0.7401
0

0.372934
0.276872
0.722699
0.104955
0.735639
0.608762
1.089838
0.514693

10.727396
10.560441
10.373638
10.490253
10.63207
10.498779
3.215481
6.201826
6.374575
6.263675
7.051693
7.462097
7.87997
2.523124
2.1867
9.184937
2.176052
1.578809
8.122067
2.294772
7.860443
2.947509
9.156749
6.468202
6.505172
3.489939
6.969243
3.936946
8.967356
9.181624
8.72071
9.160146
9.194235
9.465874
8.720483
9.674603
9.083125
3.115571
3.653014
3.321085
2.919078
9.372805
9.295183
9.110393
8.959011
8.841444
8.917815
8.881412
8.906991
8.768368
9.415733
9.025444
9.20405
9.147345
9.078508

-0.226953
-0.039578
-0.416669
0.008344
-0.099182
-0.242315
-0.534158
-0.339802
-0.662459
-0.491207
-0.395445
-0.4542
-0.728583
-0.65565
-0.696799
-0.837655
-0.730412
-0.461515
-1.021262
-0.690432
-0.689055
-0.572471
-0.819911
-0.614763
-0.590917
-0.125185
-0.714115
-0.498387
-1.068359
-0.440706
-0.82288
-0.816514
-0.956309
-0.874959
-1.272581
-1.25678
-1.254427
-0.532362
-0.034289
-1.094563
-0.968356
-1.210809
-1.294993
-1.161542
-0.810957
-1.128655
-0.839029
-0.911522
-0.63988
-0.414331
-0.459221
-0.390194
-0.224711
-0.422492
-0.396185

0.226953
0.039578
0.416669
0.008344
0.099182
0.242315
0.534158
0.339802
0.662459
0.491207
0.395445
0.4542
0.728583
0.65565
0.696799
0.837655
0.730412
0.461515
1.021262
0.690432
0.689055
0.572471
0.819911
0.614763
0.590917
0.125185
0.714115
0.498387
1.068359
0.440706
0.82288
0.816514
0.956309
0.874959
1.272581
1.25678
1.254427
0.532362
0.034289
1.094563
0.968356
1.210809
1.294993
1.161542
0.810957
1.128655
0.839029
0.911522
0.63988
0.414331
0.459221
0.390194
0.224711
0.422492
0.396185




325 | 12352705.38 3841888.533 9.45171 8.699999 -0.751728 0.751728| 9.049518 -0.402209 0.402209
326 | 12352652.21 3841799.223  9.3697 8.8 -0.569706 0.569706| 9.228287 -0.141419 0.141419
327 | 12352552.9 3841667.766  8.9103 8.21 -0.700389 0.700389| 8.816697 -0.093692 0.093692
328 | 12352482.24 3841593.524  8.6151] 7.96 -0.655114 0.655114| 8.612841 -0.002273 0.002273
329 | 12352316.41 3841597.707  4.4353 3.23 -1.205333 1.205333| 3.881455 -0.553878 0.553878
330 | 12352249.36 3841551.625 4.6489 4.12531 -0.523277 0.523277| 3.982741 -0.665846 0.665846
331 | 12352174.86 3841486.779 4.307 4.208689 -0.098691 0.098691| 3.843853 -0.463527 0.463527
332 | 12352148.96 3841313.479  8.49379 7.529999 -0.963725 0.963725| 7.851346 -0.642378 0.642378
333 | 12352125.3 3841449.335 4.37627 2.569999 -1.806279 1.806279| 3.908114 -0.468164 0.468164
334 | 12352045.81  3841375.66 4,189 2.819999 -1.369271 1.369271| 3.562066 -0.627204 0.627204
335 | 12352010.96 3841194.093 8.257§ 7.079999 -1.177505 1.177505| 7.510152 -0.747352 0.747352
336 | 12351906.54 3841094.089  8.5823 7.649999 -0.932307 0.932307| 8.214801 -0.367505 0.367505
337 | 12351839.5 3840991.636  7.7757 7.649999 -0.125222 0.125222| 7.573507 -0.201714 0.201714
338 | 12351783.08 3840903.683  7.434( 7.94  0.505986 0.505986| 7.484636 0.050622 0.050622
339 | 12351748.37 3840801.236  7.7424 7.23 -0.512413 0.512413| 7.777075 0.034662 0.034662
340 | 12351718.67 3840697.683 8.047 8.069999 0.022469 0.022469| 8.033466 -0.014064 0.014064
341 | 12351685.72 3840610.478  8.0044 7.73 -0.274879 0.274879| 8.01268 0.007801 0.007801
342 | 12351629.94 3840724.317 2.2404 1.639999 -0.600456 0.600456| 2.411499 0.171044 0.171044
343 | 12351538.45 3840726.981  2.571§ 1.891453 -0.680366 0.680366| 2.586462 0.014643 0.014643
344 | 12351461.46 3840750.297 2.3093 2.919999 0.610646 0.610646| 2.325426 0.016073 0.016073
345 | 12351423.26  3840719.08  2.1092 2.2 0.090778 0.090778| 2.128475 0.019253 0.019253
TOTAL (OF

345) 245 FT. CM 344 FT. CM.
MIN -3.920727 -119.503998 -9.911185 -302.093523
MAX 1.041807 31.75434087| 16.593671  505.7761036
AVERAGE SHIFT -0.2557545  -7.795412265 -0.2978785  -9.079354176
AVERAGE MAGNITUDE 0.3599095 10.97006487 0.4829008 14.71884591
RMS 0.6796006 20.71426856 1.1726999 35.74396448
STD. DEV 0.5124208 15.61861671 1.1324784  34.51801046




EXCLUDING OUTLIERS > 1 FT.

NASA PHOTOGRAMMETRY METHOD 1 DTM TNC DTM
1D X1 Y1 Z1 DELTA-Z |DELTA-Z| DELTA-Z |DELTA-Z|
1] 12351360.33 3848088.039 20.29 0 0 0 0
2| 12351047.26 3848361.221  9.7699 0 0 -0.553605 0.553605
3 | 12350875.67 3848508.625  9.2844 0 0 -0.288563 0.288563
4 | 12350736.09 3848630.305  9.3992 0 0 -0.874749 0.874749
5| 12350621.03 3848729.455  9.1826 0 0 -0.653233 0.653233
6 | 12350343.72  3848969.75 8.559 0 0 -0.251905 0.251905
7 | 12350192.75 3849100.507 8.7725 0 0 -0.275526 0.275526
8 | 12350032.08 3849239.926  8.8185 0 0 -0.409878 0.409878
9 | 12349917.29 3849339.345  8.8447 0 0 -0.383683 0.383683
10| 12349756.02 3849479.358  9.0088 0 0 -0.192266 0.192266
11| 12349619.23 3849597.645  8.6643 0 0 0.112091 0.112091
12| 12349462.71 3849733.318  8.6249 0 0 -0.076705 0.076705
13| 12349324.71 3849852917  8.6938 0 0 -0.034441 0.034441
14| 12349140.68 3850012.723  8.6249 0 0 -0.071757 0.071757
15| 12348956.7 3850172.204  8.6479 0 0 -0.07056 0.07056
16 | 12348772.87 3850331.935  8.3887 0 0 0.236537 0.236537
17| 12348657.22  3850431.82 8.9366 0 0 -0.227749 0.227749
18 | 12348657.22  3850431.82  8.9366 0 0 -0.227749 0.227749
19| 12348548.28 3850526.108  8.7824 0 0 0.052873 0.052873
20 | 12348254.03 3850781.045  9.1531 0 0 -0.28488 0.28488
21| 12348093.94 3850920.005  9.4550 0 0 -0.54308 0.54308
22 | 12347910.08 3851079.886  8.1820 0 0 -0.276958 0.276958
23| 12347835.49 3851144.004  8.3493 0 0 -0.339673 0.339673
24 | 12347636.23 3851310.562  8.7791 0 0 -0.532811 0.532811
25| 12347398.74  3851501.47  9.4156 0 0 -0.629236 0.629236
26 | 12347090.72 3851748.947 10.5737% 0 0 -0.742683 0.742683
27| 12346378.7 3851499.072 14.5238 0 0 -0.405939 0.405939
28 | 12345844.03 3850204.042 15.1767% 0 0 -0.425596 0.425596
29 | 12345797.71  3850043.74 15.0389 0 0 -0.329365 0.329365
30 | 12345565.73 3849491.763 13.237§ 0 0 -0.691747 0.691747
31| 12345598.87 3849057.384 11.1151 0 0 -0.661059 0.661059
32 | 12345367.43 3849232.836 13.1557% 0 0 -0.458539 0.458539
33 | 12345365.98 3848895.196 12.6866 0 0 -0.535426 0.535426
34 | 12345159.02 3848961.249 14.182€¢ 0 0 -0.525147 0.525147
35| 12344973.24 3848720.564 14.9864 0 0 -0.555848 0.555848
36 | 12347166.67 3852478.447 -0.8 0 0 0 0
37 | 12346772.67 3851991.292 15.1767% 0 0 -0.273295 0.273295
38 | 12362917.67 3853502.844  4.7470Q 0 0 -0.621573 0.621573
39 | 12362872.91  3853342.52  4.3992 0 0 -0.516739 0.516739
40 | 12364334.36  3856389.84  4.2417 0 0 -0.463319 0.463319
41 | 12364461.59 3856530.394  4.0414 0 0 -0.408892 0.408892
42 | 12364585.89 3856670.377  3.966] 0 0 -0.342588 0.342588
43 | 12364691.87 3856784.872  3.9792 0 0 -0.182143 0.182143
44 | 12364534.16 3856983.785  5.2424 0 0 -0.862105 0.862105
45 | 12364653.37 3856854.042 4.54 0 0 -0.429096 0.429096
46 | 12363757.93 3855746.199  4.6387 0 0 -0.272499 0.272499
47 | 12363919.32 3855927.498  4.3334 0 0 -0.162987 0.162987
48 | 12364152.4 3856187.931  3.9235 0 0 0.030148 0.030148
49 | 12363193.52 3855119.307  5.0849 0 0 -0.53028 0.53028
50 | 12363265.77 3855167.368  4.4156 0 0 -0.122784 0.122784
51| 12363360.07 3855302.385 4.7338 0 0 -0.221511 0.221511
52| 12363508.87 3854884.242  7.9327 0 0 -0.33219 0.33219




53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

12363542.62
12363810.33
12363746.31
12363510.59
12363617.49
12363753.13
12363713.86
12362843.34

12362798.7
12362819.37
12363205.95
12362811.17
12362950.11
12363071.72
12362879.85
12362797.04
12362495.96
12362702.91
12362616.87
12362373.77
12362298.49
12362173.86
12362079.85

12361931.9
12361781.69
12361653.27
12361678.01
12361583.06
12361513.52
12361485.13
12361299.24
12361220.57
12361193.15
12361110.14

12361025.3
12360836.37
12360660.02
12360497.52

12359413.5
12358987.25
12360394.24

12360274.2
12360190.15
12360129.43
12360056.73
12359907.87
12359846.04
12359706.41
12359553.48
12359441.04

12359342.2
12359288.69
12358907.67
12358287.05
12358255.57

3854967.71
3855224.238
3855195.324
3855470.645
3855590.632
3855263.398
3855175.669
3854288.748
3854568.859
3854391.927
3854588.373
3854630.319
3854847.244
3854982.972
3854125.743
3853216.916
3852852.658
3853102.291
3852997.146
3852706.212
3852615.188

3852464.72
3852351.347
3852173.231
3851992.621
3851837.083
3851867.969
3851752.989
3851667.766
3851634.613
3851411.418
3851316.582
3851410.706
3851180.149

3851094.22
3850990.615
3850948.519
3850920.904
3849586.654
3849140.501
3850891.845
3850843.112
3850795.881
3850755.835

3850698.28
3850535.544
3850464.599
3850301.597
3850125.167
3849993.386

3849878.14
3849694.866
3849239.424
3848094.499
3848007.268

7.381
7.601
7.424
4.769
4.851
6.781
7.06
5.130
4.418
5.278
7.634
4.353
4.422
4.353
4.845
4.448
4.441
4.66
4.674
4.533
4.46
4.651
4.497
4.484
4.930
4.950
4.838
4.848
5.13
4.825
5.475
4.655
5.304
4.573
4.4320
4.832
4.891
4.809
5.360
5.360
4.832
4.786
5.114
4,792
4.687
5.170
5.275
5.039
5.25
5.301
5.432
5.186
5.491
5.311
5.298

[eNelNelNelelNelNelNolNeolNeolNelNolNolNolNeollolNeolNolNolNolNolNelNolNolNolNolNoNolNolNolNolNolNolNolNo]

0
0.14863
-0.369348
-0.360528
0.019472
0
-0.456383
-0.844466
-0.592945
-0.197958
-0.22024
-0.655227
-0.399007
-0.632261
-0.371474
0
-0.746644
-0.351762
0.528684
0

[eNeNelNelNelNelNolNolNeolNeolNelNeolNolNolNeollolNeolNolNolNolNolNelNolNolNolNolNolNeolNolNolNolNolNolNolNo]

0
0.14863
0.369348
0.360528
0.019472
0
0.456383
0.844466
0.592945
0.197958
0.22024
0.655227
0.399007
0.632261
0.371474
0
0.746644
0.351762
0.528684
0

-0.128316
0.42281
-0.14151
-0.254149
-0.248742
0.080712
0.211115
-0.58783
0.224487
-0.679345
-0.15016
0.058326
-0.029689
0.163023
-0.406376
-0.668733
-0.557281
-0.785723
-0.732399
-0.680863
-0.514044
-0.682847
-0.34285
-0.407635
-0.750059
-0.608645
-0.56492
-0.484126
-0.649498
-0.408193
0.185777
0.16854
0.150706
-0.026316
0.201645
-0.012318
-0.223531
-0.150165
-0.480824
-0.300147
-0.175035
-0.116537
-0.462789
-0.124397
-0.177127
-0.446528
-0.685487
-0.272436
-0.555583
-0.636358
-0.612513
-0.438111
-0.353176
0.653116
0

0.128316
0.42281
0.14151

0.254149

0.248742

0.080712

0.211115
0.58783

0.224487

0.679345
0.15016

0.058326

0.029689

0.163023

0.406376

0.668733

0.557281

0.785723

0.732399

0.680863

0.514044

0.682847
0.34285

0.407635

0.750059

0.608645
0.56492

0.484126

0.649498

0.408193

0.185777
0.16854

0.150706

0.026316

0.201645

0.012318

0.223531

0.150165

0.480824

0.300147

0.175035

0.116537

0.462789

0.124397

0.177127

0.446528

0.685487

0.272436

0.555583

0.636358

0.612513

0.438111

0.353176

0.653116

0




108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

12358211.22
12357788.87
12357712.73
12357698.34
12357584.87
12357578.02
12357082.02
12357023.02
12357015.35
12356990.76
12356918.15
12356832.82
12356770.85
12356734.82

12356656.8

12358116.5
12358027.22
12357452.95
12357367.14

12357118.7
12356979.25
12356915.85
12356896.86
12356889.72
12356884.42
12356846.79
12356811.62
12356586.45
12356523.12
12356676.82
12356589.66

12356514.6
12356479.79
12356400.01

12356319.4
12359208.69
12358966.19
12358820.69
12358733.47
12358622.84
12358561.29
12358453.45
12358247.09

12358158.7

12358007.3
12357894.73
12357844.03
12357470.49
12357306.29
12357171.52
12357051.05
12356940.62
12356790.65
12356618.99
12356615.01

3848157.002
3847493.706
3847441.347
3847328.568
3847366.157
3847427.738
3846716.372
3846777.507
3846833.087
3846766.217
3846343.734
3846342.035
3846301.038
3846392.179
3846306.231

3848175.23
3848176.595
3847825.897
3847882.055
3847536.701
3847256.744
3846788.179
3846935.531

3846873.34
3846912.204
3846691.818
3846678.173
3846811.617
3846738.983
3846444.338
3846519.997
3846551.972

3846661.28
3846614.154
3846693.051
3849724.663

3849442.98
3849274.129
3849172.341
3849044.969
3848974.225

3848848.93

3848698.06
3848766.886

3848839.92
3848884.425

3848850.14
3848497.159
3848343.235
3848215.456
3848093.147
3847956.763
3847747.695
3847508.913
3847453.207

5.485]
4.3795
4.5468
4.9504
5.3834
5.4195
5.7804
5.8296
5.3804
5.5803
5.4621
5.6724
5.5447
5.353¢
5.3441
5.5212
5.075(
4.313¢
3.8644
4.327(
5.4163
5.298]
5.4753
5.6393
5.7804
4.4517%
4.0481
6.3775
6.236
5.1636
5.3998
5.4359
6.1052
4.6124
5.1177
5.6558
5.960
6.1514
6.1019
5.8364
5.659(
6.0462
10.869(¢
10.3769
10.3047
9.9635
9.5993
8.6708
8.953
8.2607
8.5724
9.4287
10.1111
9.2876

8.7365

0.434801
0.41044
0.063119
-0.340424
0
0.110416
0.909526
0.010312
-0.270214
-0.270345
0.647765
0.277792
-0.104254
0.426033
-0.144125
0.27871
0.464904
0.336058
0.105532
-0.677066
-0.496302
0.081808
-0.735358
-0.2094
-0.200475
0.318262
0.251805
0.282413
0.343489
0.076321
0.340101
0.094012
-0.355277
0.187501
0
-0.705804
-0.380921
0
-0.261997
-0.05625
-0.209085
-0.676223
-0.639048
-0.716923
0
-0.493538
0.000635
0.92911
0.42696
0.049215
0.867535
-0.418761
0.058826
-0.417686
-0.376506

0.434801
0.41044
0.063119
0.340424
0
0.110416
0.909526
0.010312
0.270214
0.270345
0.647765
0.277792
0.104254
0.426033
0.144125
0.27871
0.464904
0.336058
0.105532
0.677066
0.496302
0.081808
0.735358
0.2094
0.200475
0.318262
0.251805
0.282413
0.343489
0.076321
0.340101
0.094012
0.355277
0.187501
0
0.705804
0.380921
0
0.261997
0.05625
0.209085
0.676223
0.639048
0.716923
0
0.493538
0.000635
0.92911
0.42696
0.049215
0.867535
0.418761
0.058826
0.417686
0.376506

0.268521
0.399317
0.320137
-0.315585
-0.305568
-0.130116
0.614762
0.207582
-0.050637
0.013021
0.500528
0.200685
0.145304
0.122569
0.101307
0.237555
0.27865
0.23529
0.414975
0.100796
-0.169738
-0.070973
0.033849
-0.14741
-0.116706
0.019616
0.27877
0.000179
0.137498
0.202655
0.14855
0.098102
0.052748
0.109759
0.065048
-0.518426
-0.527908
-0.79772
-0.566073
-0.306421
-0.171123
-0.466282
-0.377845
-0.106293
-0.264717
-0.425986
-0.057048
0.152996
0.360321
0.780692
0.511974
-0.409268
-0.096857
0.30186
0.161748

0.268521
0.399317
0.320137
0.315585
0.305568
0.130116
0.614762
0.207582
0.050637
0.013021
0.500528
0.200685
0.145304
0.122569
0.101307
0.237555

0.27865

0.23529
0.414975
0.100796
0.169738
0.070973
0.033849

0.14741
0.116706
0.019616

0.27877
0.000179
0.137498
0.202655

0.14855
0.098102
0.052748
0.109759
0.065048
0.518426
0.527908

0.79772
0.566073
0.306421
0.171123
0.466282
0.377845
0.106293
0.264717
0.425986
0.057048
0.152996
0.360321
0.780692
0.511974
0.409268
0.096857

0.30186
0.161748




163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

12356458.22
12356404.14
12356316.85
12356242.29
12356152.61
12356107.91
12356014.59
12355965.13
12355917.82
12355870.58
12355850.01

12355791.3
12355716.06

12355635.1

12355562.2
12355472.64
12355425.09
12355364.39
12355160.22
12355078.98
12354992.13
12355467.12
12355299.46
12355009.22
12354987.02
12354811.14
12354805.99
12354759.09
12354589.54
12355235.25
12355166.23
12355097.53
12354905.19
12354661.94
12354519.72
12354412.14
12354319.93
12354193.23
12354689.39
12354574.95
12354417.46
12354020.02
12353886.48
12353695.79
12354088.46
12353955.25
12353858.73
12353745.53
12353687.58
12353606.25
12353516.34

12353399.3
12353289.69
12353173.08
12353077.28

3847286.374
3847211.512
3847084.271
3846985.472
3846860.918
3846807.671
3846658.878
3846580.883
3846502.077
3846412.826
3846375.883
3846268.407
3846129.798
3845981.117
3845846.058
3845689.415

3845617.86
3845535.527
3845296.886
3845204.669
3845101.955
3844648.341
3844673.367
3844176.662
3844127.177
3843953.506
3843897.132
3843939.911
3843786.814
3844727.812
3844787.589
3844847.415
3845014.305
3845224.514
3845347.956
3845440.872

3845521.19
3845631.121
3844762.632
3844687.957
3844592.081
3844461.996
3844413.509

3844310.74
3845722.541
3845841.879
3845921.698
3846019.798
3846080.113
3846140.346
3846218.443
3846320.273
3846416.287
3846517.084
3846600.657

9.4746
8.9464
9.185¢
9.4418
9.1367
9.2319
8.559
8.2547
8.5823
8.7594
8.9366
8.8907
8.795
8.0442
7.726(
7.5488
7.9359
7.903]
8.5363
8.8316
8.7201
6.0101
6.4437
6.8828
6.7548
7.119(
6.9418
6.7548
6.2463
7.1256
7.0534
7.1617
9.740
9.6387
9.0678
9.080¢
9.5337
9.6387
9.7964
9.5206
10.104¢
9.2714
9.5304
8.5855
10.0659
10.0199
10.0324
9.7535
9.2778
9.2515
9.3237
9.5895
9.6124
9.7734

9.7504

-0.284694
-0.09648
-0.57598

-0.371885

-0.526768

-0.061911

0
0
0
0

-0.986637

-0.490705

-0.395561
-0.02425
-0.25601

-0.138845

-0.755983
0.196825

-0.416375

0.35835
0.139898
0.579866
0.656796

-0.282835
0.135117

-0.269055
-0.22189

-0.174883

-0.076353

-0.405617

-0.383438

-0.181705

-0.460441

0
-0.25787
-0.500994

0

0

-0.066215

-0.300624

-0.144613

0
0
-0.265588
0
-0.929311
0

-0.533564

-0.467844

-0.911596

-0.033775

-0.439523

-0.662489
-0.63325

0

0.284694
0.09648
0.57598

0.371885

0.526768

0.061911

0
0
0
0

0.986637

0.490705

0.395561
0.02425
0.25601

0.138845

0.755983

0.196825

0.416375
0.35835

0.139898

0.579866

0.656796

0.282835

0.135117

0.269055
0.22189

0.174883

0.076353

0.405617

0.383438

0.181705

0.460441

0
0.25787
0.500994

0

0

0.066215

0.300624

0.144613

0
0
0.265588
0
0.929311
0

0.533564

0.467844

0.911596

0.033775

0.439523

0.662489
0.63325

0

-0.42174

0.065399
-0.107934
-0.300828
-0.131603
-0.051658
-0.057521

0.367943
-0.145643
-0.401732
-0.533494
-0.276221
-0.651079

0.148146
-0.000514

0.345393

0.038427

0.220396
-0.030078

0.190755

0.374361

0.440246

0.389017
-0.334808
-0.353828
-0.360538
-0.395279
-0.121645

-0.55318
-0.069817
-0.242319
-0.094049
-0.118628
-0.472699
-0.092402
-0.437891
-0.499738
-0.586754
-0.285635
-0.019233
-0.309043

0
0

-0.616504
-0.956312
-0.734321
-0.927921
-0.857771
-0.491842
-0.500233
-0.627448
-0.838188
-0.920569
-0.997649
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0.190755
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0.440246
0.389017
0.334808
0.353828
0.360538
0.395279
0.121645
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0.069817
0.242319
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218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
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252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

12352924.68
12352638.28
12352330.78
12351848.63
12354280.74
12354259.96
12354234.17
12354197.91
12354162.74
12354105.43
12354074.46
12354054.74
12354011.89
12354003.42
12353881.61
12353880.08
12353820.83
12353813.15
12353750.39
12353913.76
12353862.66
12353777.12
12353705.58
12353660.12
12353632.59
12353575.08
12353480.38
12353429.13
12353381.29
12353337.17
12353377.51
12353336.97
12353300.36
12353298.95
12353236.83
12353234.38

12353199.7
12353180.47
12353078.52
12352992.26
12352961.61

12352950.4
12352210.04
12352177.37
12352141.85
12352056.95
12351952.03
12351641.77
12351600.55
12351557.24
12351431.68
12351349.54
12351225.15
12351176.77

12351150.6

3846733.202
3846981.519
3847247.325
3847666.311
3842846.028
3842789.791

3842827.36
3842751.475

3842668.01
3842640.632
3842553.437
3842619.431

3842517.86
3842835.451
3842491.514
3842769.906
3842544.464
3842715.914
3842607.187
3842396.272
3842475.753
3842377.794
3842266.659
3842149.931
3842353.555
3842167.161

3842116.42

3842144.16
3842184.711
3842291.498

3841723.54
3841674.269
3841782.707
3841691.634
3841565.345
3841606.677
3841689.265

3841799.37
3841655.066
3841480.969
3841535.411
3841840.899
3840903.529
3840859.464
3840653.792
3840702.535
3840770.944

3840425.39
3840274.662
3840124.449
3839804.394
3839675.211
3839462.816
3839351.659
3839285.953

10.0061
9.5763
20.1767
47.575
7.0173
7.0928
11.1807
7.2666
7.0567
7.2568
5.9018
6.8073
6.1741
6.4794
6.4267
6.8237
6.36771
6.5186
6.1807
6.2104
6.3119
5.3375
5.7279
6.2104
6.0659
6.0429
6.2102
5.409
4.5403
3.7201
6.5809
6.6269
6.3384
6.279]
6.630
6.4797
6.3611
6.3447
5.9904
7.2109
7.000¢
3.100(0
3.0114
3.0705
4.858
5.2588
2.1649
8.5757
7.9884
8.6577
10.540¢
10.7909
10.9544
10.600(

10.7903

o O O

0
-0.077349
0.167191
0

-0.086693
0.60328
-0.086849
0.348135
-0.077375
-0.054175
0.220707
-0.276799
-0.43378
0.052256
-0.208663
0.069264
-0.140265
-0.19197
-0.307563
-0.387982
-0.230264
-0.175908
-0.462942
-0.460264
-0.269741
0.149681
-0.730111
0.369001
0.01307
0.441783
0.240838
0.219789
-0.159293
0.168817
-0.484779
-0.290449
-0.580919
-0.710945
-0.070035
-0.721452
-0.170507
-0.178561
0.141178
0.035004
-0.495745
-0.238475
-0.007766
-0.650965
-0.170308
-0.454349
0.029981
0.129693

o O O

0
0.077349
0.167191

0
0.086693
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0.348135
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0.054175
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0.276799
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0.387982
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0.462942
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0.269741
0.149681
0.730111
0.369001
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0.240838
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0.159293
0.168817
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0.290449
0.580919
0.710945
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0.721452
0.170507
0.178561
0.141178
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0.495745
0.238475
0.007766
0.650965
0.170308
0.454349
0.029981
0.129693

0
-0.271769

0

0
-0.129166
-0.278929

0
-0.287441
0.715339
-0.188373
0.085836
-0.473491
-0.424335
-0.188097
-0.475895
-0.252225
-0.372719
-0.331409
-0.327318
-0.383195
-0.297473
-0.311519
-0.458993
-0.222155
-0.390718
-0.308937
-0.492969
-0.490353
-0.243821
-0.346416
-0.316547
-0.354224
-0.339003
-0.217814
-0.274174
-0.382345
-0.400574
-0.415924
-0.383738
-0.755812
-0.73364
-0.273574
-0.506461
-0.203246
-0.176576
-0.159883
0.03538
-0.293078
-0.188714
0.007692
-0.098091
-0.096649
-0.226953
-0.039578
-0.416669

0
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0
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0.473491
0.424335
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0.252225
0.372719
0.331409
0.327318
0.383195
0.297473
0.311519
0.458993
0.222155
0.390718
0.308937
0.492969
0.490353
0.243821
0.346416
0.316547
0.354224
0.339003
0.217814
0.274174
0.382345
0.400574
0.415924
0.383738
0.755812
0.73364
0.273574
0.506461
0.203246
0.176576
0.159883
0.03538
0.293078
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0.096649
0.226953
0.039578
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273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327

12351100.84
12351052.12
12351017.95
12353964.06
12353892.34
12353886.44
12353870.59
12353816.48
12353793.58
12353719.93
12353671.24
12353617.55
12353600.02
12353560.62
12353535.93
12353523.69
12353486.5
12353452.08
12353443.86
12353354.31
12353716.98
12353660.62
12353651.29
12353543.24
12353455.2
12353304.35
12353291.66
12353256.53
12353231.1
12353181.51
12353136.29
12353062.89
12352941.43
12352921.67
12353552.05
12353470.7
12353469.73
12353154.7
12352899.31
12352881.55
12352871.97
12352866.64
12352863.76
12352857
12352851.5
12352844.43
12352837.25
12352834.35
12352825.81
12352810.5
12352783.05
12352745.79
12352705.38
12352652.21
12352552.9

3839160.98
3839045.009
3838964.012
3843481.138
3843759.284
3843710.715
3843812.532
3843622.405
3843894.868
3843965.905

3843761.82
3843813.067
3844083.562
3843867.752
3843831.256
3844164.897
3843875.052
3844092.794
3843944.825
3843987.801
3843523.658
3843494.436
3843213.022
3843488.747
3843841.771
3843503.573
3843922.096
3843525.515
3843855.308
3843573.583
3843604.189
3843653.274
3843438.655

3843362.94
3842734.769
3842688.145
3842697.669
3842515.593
3843281.723
3843185.384

3843096.71
3843020.014
3842962.659
3842813.328

3842697.21
3842552.771
3842438.952
3842364.878

3842270.98

3842182.44
3842080.508
3841977.474
3841888.533
3841799.223
3841667.766

10.4819
10.7314
10.741(
3.7496
6.5416
7.037(
6.7548
7.4471
7.9164
8.6085
3.1787
2.8834
10.0225
2.9064
2.0403
9.1433
2.9852
8.5494
3.519
9.976
7.0829
7.096(
3.615]
7.6833
4.4353
10.0357
9.622
9.543
9.976
10.1505
10.340¢
9.993(
10.9317
10.3374
3.6479
3.6873
4.4156
3.8874
10.583¢
10.5901
10.2719
9.7699
9.970(
9.7568
9.7929
9.5468
9.1826
9.8749
9.4154
9.4287
9.5698
9.4746
9.4517
9.3697

8.9103

0.23809
0.108748
-0.111094

0
-0.941629

0

0
-0.447138
-0.046298
-0.498554
-0.508775
-0.5535
-0.532593
-0.146465
0.119675
-0.82333
0.024795
-0.949499
-0.479981

0
-0.722966
-0.71609
-0.375124
-0.473358

0

0
-0.03233

O O o oo

0
-0.587934
0.152696
0.104351

0

0

0

0
-0.929968
-0.7401

0
-0.372934
-0.276872
-0.722699
-0.104955
-0.735639
-0.608762

0
-0.514693
-0.751728
-0.569706
-0.700389

0.23809
0.108748
0.111094

0
0.941629

0

0
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0.498554
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0.479981

0
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0
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0
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0
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0
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0
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0.569706
0.700389

0.008344
-0.099182
-0.242315
-0.534158
-0.339802
-0.662459
-0.491207
-0.395445

-0.4542
-0.728583

-0.65565
-0.696799
-0.837655
-0.730412
-0.461515

0
-0.690432
-0.689055
-0.572471
-0.819911
-0.614763
-0.590917
-0.125185
-0.714115
-0.498387

0
-0.440706

-0.82288
-0.816514
-0.956309
-0.874959

0

0

0
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-0.034289

0
-0.968356

0

0

0
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0
-0.839029
-0.911522

-0.63988
-0.414331
-0.459221
-0.390194
-0.224711
-0.422492
-0.396185
-0.402209
-0.141419
-0.093692
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0
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0

0

0
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0

0
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0.224711
0.422492
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0.402209
0.141419
0.093692




328 | 12352482.24 3841593.524  8.615] -0.655114 0.655114 -0.002273 0.002273
329 | 12352316.41 3841597.707  4.4353 0 0 -0.553878 0.553878
330 | 12352249.36 3841551.625  4.6485 -0.523277 0.523277 -0.665846 0.665846
331 | 12352174.86 3841486.779 4.307 -0.098691 0.098691 -0.463527 0.463527
332 | 12352148.96 3841313.479  8.4937 -0.963725 0.963725 -0.642378 0.642378
333 | 12352125.3 3841449.335 4.3762 0 0 -0.468164 0.468164
334 | 12352045.81  3841375.66 4.189 0 0 -0.627204 0.627204
335 | 12352010.96 3841194.093  8.2575 0 0 -0.747352 0.747352
336 | 12351906.54 3841094.089  8.5823 -0.932307 0.932307 -0.367505 0.367505
337 | 12351839.5 3840991.636  7.7752 -0.125222 0.125222 -0.201714 0.201714
338 | 12351783.08 3840903.683  7.434( 0.505986 0.505986 0.050622 0.050622
339 | 12351748.37 3840801.236  7.7424 -0.512413 0.512413 0.034662 0.034662
340 | 12351718.67 3840697.683 8.047 0.022469 0.022469 -0.014064 0.014064
341 | 12351685.72 3840610.478  8.0044 -0.274879 0.274879 0.007801 0.007801
342 | 12351629.94 3840724.317  2.2404 -0.600456 0.600456 0.171044 0.171044
343 | 12351538.45 3840726.981  2.5719 -0.680366 0.680366 0.014643 0.014643
344 | 12351461.46 3840750.297  2.3093 0.610646 0.610646 0.016073 0.016073
345 | 12351423.26  3840719.08  2.1092 0.090778 0.090778 0.019253 0.019253
TOTAL (OF

345) 210 FT. CM. | 326 FT. CM.
MIN -0.986637  -30.07275591 -0.997649  -30.40840234
MAX 0.92911 28.31932944 0.780692 23.79553975]
AVERAGE SHIFT -0.1269555  -3.869610275 -0.2613413  -7.965698711
AVERAGE MAGNITUDE 0.2250711 6.860179744 0.344101 10.48821831
RMS 0.4475788 13.64222759 0.4370067 13.31999184
STD. DEV 0.3253004 9.915174809 0.3349002 10.20777889




COMMON POINTS, EXCLUDING OUTLIERS > 1 FT.

NASA PHOTOGRAMMETRY METHOD 1 DTM TNC DTM
1D X1 Y1 Z1 DELTA-Z |DELTA-Z| DELTA-Z |DELTA-Z|

1] 12351360.33 3848088.039 20.29 0 0 0 0

2| 12351047.26 3848361.221  9.7699 0 0 0 0

3 | 12350875.67 3848508.625  9.2844 0 0 0 0

4 | 12350736.09 3848630.305  9.3992 0 0 0 0

5| 12350621.03 3848729.455  9.1826 0 0 0 0

6 | 12350343.72  3848969.75 8.559 0 0 0 0

7 | 12350192.75 3849100.507 8.7725 0 0 0 0

8 | 12350032.08 3849239.926  8.8185 0 0 0 0

9 | 12349917.29 3849339.345  8.8447 0 0 0 0
10| 12349756.02 3849479.358  9.0088 0 0 0 0
11| 12349619.23 3849597.645  8.6643 0 0 0 0
12| 12349462.71 3849733.318  8.6249 0 0 0 0
13| 12349324.71 3849852917  8.6938 0 0 0 0
14| 12349140.68 3850012.723  8.6249 0 0 0 0
15| 12348956.7 3850172.204  8.6479 0 0 0 0
16 | 12348772.87 3850331.935  8.3887 0 0 0 0
17| 12348657.22  3850431.82 8.9366 0 0 0 0
18 | 12348657.22  3850431.82  8.9366 0 0 0 0
19| 12348548.28 3850526.108  8.7824 0 0 0 0
20 | 12348254.03 3850781.045  9.1531 0 0 0 0
21| 12348093.94 3850920.005  9.4550 0 0 0 0
22 | 12347910.08 3851079.886  8.1820 0 0 0 0
23| 12347835.49 3851144.004  8.3493 0 0 0 0
24 | 12347636.23 3851310.562  8.7791 0 0 0 0
25| 12347398.74  3851501.47  9.4156 0 0 0 0
26 | 12347090.72 3851748.947 10.5737% 0 0 0 0
27| 12346378.7 3851499.072 14.5238 0 0 0 0
28 | 12345844.03 3850204.042 15.1767% 0 0 0 0
29 | 12345797.71  3850043.74 15.0389 0 0 0 0
30 | 12345565.73 3849491.763 13.237§ 0 0 0 0
31| 12345598.87 3849057.384 11.1151 0 0 0 0
32 | 12345367.43 3849232.836 13.1557% 0 0 0 0
33 | 12345365.98 3848895.196 12.6866 0 0 0 0
34 | 12345159.02 3848961.249 14.182€¢ 0 0 0 0
35| 12344973.24 3848720.564 14.9864 0 0 0 0
36 | 12347166.67 3852478.447 -0.8 0 0 0 0
37 | 12346772.67 3851991.292 15.1767% 0 0 0 0
38 | 12362917.67 3853502.844  4.7470Q 0 0 0 0
39 | 12362872.91  3853342.52  4.3992 0 0 0 0
40 | 12364334.36  3856389.84  4.2417 0 0 0 0
41 | 12364461.59 3856530.394  4.0414 0 0 0 0
42 | 12364585.89 3856670.377  3.966] 0 0 0 0
43 | 12364691.87 3856784.872  3.9792 0 0 0 0
44 | 12364534.16 3856983.785  5.2424 0 0 0 0
45 | 12364653.37 3856854.042 4.54 0 0 0 0
46 | 12363757.93 3855746.199  4.6387 0 0 0 0
47 | 12363919.32 3855927.498  4.3334 0 0 0 0
48 | 12364152.4 3856187.931  3.9235 0 0 0 0
49 | 12363193.52 3855119.307  5.0849 0 0 0 0
50 | 12363265.77 3855167.368  4.4156 0 0 0 0
51| 12363360.07 3855302.385 4.7338 0 0 0 0
52| 12363508.87 3854884.242  7.9327 0 0 0 0




53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

12363542.62
12363810.33
12363746.31
12363510.59
12363617.49
12363753.13
12363713.86
12362843.34

12362798.7
12362819.37
12363205.95
12362811.17
12362950.11
12363071.72
12362879.85
12362797.04
12362495.96
12362702.91
12362616.87
12362373.77
12362298.49
12362173.86
12362079.85

12361931.9
12361781.69
12361653.27
12361678.01
12361583.06
12361513.52
12361485.13
12361299.24
12361220.57
12361193.15
12361110.14

12361025.3
12360836.37
12360660.02
12360497.52

12359413.5
12358987.25
12360394.24

12360274.2
12360190.15
12360129.43
12360056.73
12359907.87
12359846.04
12359706.41
12359553.48
12359441.04

12359342.2
12359288.69
12358907.67
12358287.05
12358255.57

3854967.71
3855224.238
3855195.324
3855470.645
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0.252225
0.372719
0.331409
0.327318
0.383195
0.297473
0.311519
0.458993
0.222155
0.390718
0.308937
0.492969
0.490353
0.243821
0.346416
0.316547
0.354224
0.339003
0.217814
0.274174
0.382345
0.400574
0.415924
0.383738
0.755812

0.73364
0.273574
0.506461
0.203246
0.176576
0.159883

0.03538
0.293078
0.188714
0.007692
0.098091
0.096649
0.226953
0.039578
0.416669




273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327

12351100.84
12351052.12
12351017.95
12353964.06
12353892.34
12353886.44
12353870.59
12353816.48
12353793.58
12353719.93
12353671.24
12353617.55
12353600.02
12353560.62
12353535.93
12353523.69
12353486.5
12353452.08
12353443.86
12353354.31
12353716.98
12353660.62
12353651.29
12353543.24
12353455.2
12353304.35
12353291.66
12353256.53
12353231.1
12353181.51
12353136.29
12353062.89
12352941.43
12352921.67
12353552.05
12353470.7
12353469.73
12353154.7
12352899.31
12352881.55
12352871.97
12352866.64
12352863.76
12352857
12352851.5
12352844.43
12352837.25
12352834.35
12352825.81
12352810.5
12352783.05
12352745.79
12352705.38
12352652.21
12352552.9

3839160.98
3839045.009
3838964.012
3843481.138
3843759.284
3843710.715
3843812.532
3843622.405
3843894.868
3843965.905

3843761.82
3843813.067
3844083.562
3843867.752
3843831.256
3844164.897
3843875.052
3844092.794
3843944.825
3843987.801
3843523.658
3843494.436
3843213.022
3843488.747
3843841.771
3843503.573
3843922.096
3843525.515
3843855.308
3843573.583
3843604.189
3843653.274
3843438.655

3843362.94
3842734.769
3842688.145
3842697.669
3842515.593
3843281.723
3843185.384

3843096.71
3843020.014
3842962.659
3842813.328

3842697.21
3842552.771
3842438.952
3842364.878

3842270.98

3842182.44
3842080.508
3841977.474
3841888.533
3841799.223
3841667.766

10.4819
10.7314
10.741(
3.7496
6.5416
7.037(
6.7548
7.4471
7.9164
8.6085
3.1787
2.8834
10.0225
2.9064
2.0403
9.1433
2.9852
8.5494
3.519
9.976
7.0829
7.096(
3.615]
7.6833
4.4353
10.0357
9.622
9.543
9.976
10.1505
10.340¢
9.993(
10.9317
10.3374
3.6479
3.6873
4.4156
3.8874
10.583¢
10.5901
10.2719
9.7699
9.970(
9.7568
9.7929
9.5468
9.1826
9.8749
9.4154
9.4287
9.5698
9.4746
9.4517
9.3697

8.9103

0.23809
0.108748
-0.111094
0
-0.941629
0
0
-0.447138
-0.046298
-0.498554
-0.508775
-0.5535
-0.532593
-0.146465
0.119675
0
0.024795
-0.949499
-0.479981
0
-0.722966
-0.71609
-0.375124
-0.473358
0
0
-0.03233

O O O o o

0
-0.587934
0.152696

-0.929968
0
0
-0.372934
-0.276872
-0.722699
-0.104955
-0.735639
-0.608762
0
-0.514693
-0.751728
-0.569706
-0.700389

0.23809
0.108748
0.111094

0
0.941629

0

0
0.447138
0.046298
0.498554
0.508775
0.5535
0.532593
0.146465
0.119675

0
0.024795
0.949499
0.479981

0
0.722966

0.71609
0.375124
0.473358

0
0
0.03233

O O O oo

0
0.587934
0.152696

0.929968
0
0
0.372934
0.276872
0.722699
0.104955
0.735639
0.608762
0
0.514693
0.751728
0.569706
0.700389

0.008344
-0.099182
-0.242315

0
-0.339802

0

0
-0.395445
-0.4542
-0.728583

-0.65565
-0.696799
-0.837655
-0.730412
-0.461515

0
-0.690432
-0.689055
-0.572471

0
-0.614763
-0.590917
-0.125185
-0.714115

0

0
-0.440706

0

O O o oo

0
-0.532362
-0.034289

-0.810957

0

0
-0.911522
-0.63988
-0.414331
-0.459221
-0.390194
-0.224711

0
-0.396185
-0.402209
-0.141419
-0.093692

0.008344
0.099182
0.242315
0
0.339802
0
0
0.395445
0.4542
0.728583
0.65565
0.696799
0.837655
0.730412
0.461515
0
0.690432
0.689055
0.572471
0
0.614763
0.590917
0.125185
0.714115
0
0
0.440706
0

O O o oo

0
0.532362
0.034289

0.810957

0

0
0.911522
0.63988
0.414331
0.459221
0.390194
0.224711

0
0.396185
0.402209
0.141419
0.093692




328 | 12352482.24 3841593.524  8.615] -0.655114 0.655114 -0.002273 0.002273
329 | 12352316.41 3841597.707  4.4353 0 0 0 0
330 | 12352249.36 3841551.625  4.6485 -0.523277 0.523277 -0.665846 0.665846
331 | 12352174.86 3841486.779 4.307 -0.098691 0.098691 -0.463527 0.463527
332 | 12352148.96 3841313.479  8.4937 -0.963725 0.963725 -0.642378 0.642378
333 | 12352125.3 3841449.335 4.3762 0 0 0 0
334 | 12352045.81  3841375.66 4.189 0 0 0 0
335 | 12352010.96 3841194.093  8.2575 0 0 0 0
336 | 12351906.54 3841094.089  8.5823 -0.932307 0.932307 -0.367505 0.367505
337 | 12351839.5 3840991.636  7.7752 -0.125222 0.125222 -0.201714 0.201714
338 | 12351783.08 3840903.683  7.434( 0.505986 0.505986 0.050622 0.050622
339 | 12351748.37 3840801.236  7.7424 -0.512413 0.512413 0.034662 0.034662
340 | 12351718.67 3840697.683 8.047 0.022469 0.022469 -0.014064 0.014064
341 | 12351685.72 3840610.478  8.0044 -0.274879 0.274879 0.007801 0.007801
342 | 12351629.94 3840724.317  2.2404 -0.600456 0.600456 0.171044 0.171044
343 | 12351538.45 3840726.981  2.5719 -0.680366 0.680366 0.014643 0.014643
344 | 12351461.46 3840750.297  2.3093 0.610646 0.610646 0.016073 0.016073
345 | 12351423.26  3840719.08  2.1092 0.090778 0.090778 0.019253 0.019253
TOTAL (OF

345) 207 FT. CM. | 207 FT. CM.
MIN -0.986637 -30.07275591 -0.997649 -30.408402
MAX 0.92911 28.31932944 0.780692 23.79554
AVERAGE SHIFT -0.122726249 -3.740703559 -0.1292878 -3.9407003
AVERAGE MAGNITUDE 0.220236916 6.712834624 0.1962111 5.9805251
RMS 0.444135732 13.53728417 0.3971681 12.105708
STD. DEV 0.321391034 9.7960183 0.2791597 8.508806




APPENDIX 2: MU DATA
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&+ /& 8/% &-( ,&8 & 8 -( 8% ( 9%8 % %8/ ( | -8-%&+9
& &+ +(&8, |&-(-&,8%- 8/( 8 -- 9%8 +
&+ -(8& &-(+& 8+ 8-+ 8/%& %8%,, %8 &+ & &8 [+&(
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&

.| &( &8+ &lasrwsas %8( | %8%& 99%8(%/
(| &@&-+8- &l &+ 8w 8, |+8/- 99%8( /
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I+ | &(1%+8( & %/8%/ | -8(- | -8- %8 -
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