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ABSTRACT

Scene mapping is an integral part of processiftggensicscene with scatterdtuman
remains. By utilizing the appropriate mapping technique, investigators can accurately document
the location of human remains and maintain a precise geospatial record of this evidgence at
sceneGlobal positioning system (GPS) units have been used fos y@aurvey the spatial
distribution of largescale archaeological sites. Howevatfedential global positionindDGPS)
unit now provide decreased positional ersaitable for smalkcale surveys, such as forensic
scenes.Because of the lack of knoadge concerning this utility in mapping a scene, controlled
research is necessary to deternthme practicality of using DGPS in mapping scattered human
remainsin different environmentsThe purpose of this researsito quantify the accuracy of a
DGPS wuit for mapping skeletal dispersals and to determinepipdicability of this utility in
mappingdispersed remaing-irst, the accuracy of the DGPS unit vagsermined using known
survey marker different environmentsSecondly severakimulated scenes wemnstructed
andmapped in open, tremvered, and structw@bstructed environmentssing the
DGPS Factors considered includi¢éhe extent of the dispersal, data collection time, and the use
of offsets.Data were differentially postpcessed and compared igeographic information
system (GIS}o evaluate the most efficient recordation meth&sults of this study show that
the DGPS is a viable option for mapping human remains in opes. deehermoreguidelines
for accurate seg® mapping using a DGPS unit will be provided, along with a discussion

concerning the integration of DGPS into GIS for scene analysis and presentation.
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CHAPTER ONE: INTRODUCTION

The recent remphasis of methodological techniques in forensic archaeology is a
devel opment that has provided forensic anthro
is broader, deep, and more solidl vyal,20083B8)enched
This shift is currently changing the goals of forensic anthropologists and how they approach
situations in the field. Dirkmaat et al. (2008) attribute the current configuration of forensic
anthropology to four developments: (1) improvemeffield archaeology methods, (2) new
technology, (3) new techniques used in the analysis of spatial data in the field, and (4) the
emergence of recovery methods more geared toward forensic contexts. The implementation of
technology in the field has nelted in the use of archaeological methods in a forensic setting.
Site mapping has advanced from haindwn maps that note the distribution of evidenceéh¢o
use oftechnology for recording specific locations of evidence and spatial data at the scene.

While standardjlobal positioning system&P9 units generally do not offer the
appropriate degree of accuracy for mapping (Listi et al., 2007), podiffielential global
positioning system (DGPS) units offer decimeter error margins which may bepapf@dor
mapping scattered remain¥hese enhancathits have the potential to collect accurate
positional information of objects and provide the exact location of the object on the Earth. In
instances where skeletal dispersal are widely scattered, a DGPS unit may be a usefausol.
it is essentiato determine the accuracy and practicality of using aprice DGPS unit in

mapping skeletal dispersals and explore the value of DGPS in field recovery situations.



Controlled Research

As forensic archaeology is becoming more integrated into foransiicopology,
controlled research is essential in determining the utility of innovative technology in a forensic
context. Controlled researcis a necessary method of testing controlled variables in order to
ascertain the best use of equipment in thel {iEfance et al., 1992Data collection of known
points, such as survey markers, in controlled environments can assess the accuracy of DGPS
units. Moreover, controlled environments and simulated dispersals can be utilized to apply and
evaluate the beshethods for collecting point data in these environments.

Limited research has been conducted concerning the use of DGPS in the mapping of
skeletal remainsListi et al.(2007)determined thate use of a migbrice traditional GPS
receiver is not as aarate as traditional mapping techniques because of limiting factors such as
tree cover density, proximity of remains to structures and trees, and the positioning of satellites
which can result in erratic datdhis preliminary research underlines theessity of asembled
scenarios wherein different settings and variables can be controlled and tested to assess the
accuracy of using a DGPS in mapping skeletal dispersals. Additionallyetbemination of
accuracy of ®GPSin different environmental scariosis necessary to evaluate the practicality
of using this utility in mappingpuman remainsFurthermoreresearch has ntseen conducted
concerning the use of georeferenced data in skeletal dispersals. The integration of exact
coordinates to surveyath is ideal, as this provides a highly accurate record of the scene, along
with the ability to manipulate survey dataameographic information syste@IS) to maintain

geospatiainformation(Wu et al., 2004).



Finally, the use of GIS in forensic investigations has generally been limited to crime
mapping, rather than with individual scer{&pencer et al., 200®Janhein et al., 2006 It is
because of this lack of published resedh&t it is necessary to utilize these new technologies to
determine the advantagesd disadvantages in the fielddditionally, the practicalityof using
DGPS units in different environments can aid in the development of efficient and accurate
methods ér data collection, maximizing point accuracy and information of skeletal elements and
associated evidence at a sceiéus, controlled research concerning different mapping
technologies in different environmental scenarios is essential in order to dxpameédge of
new technology in the mapping of scattered remains. Furthermore, it is necessary to experiment
with these technologies to determine their practicality and applicability in the digigorting

the current shift of integrating new technolagyd techniques in forensic archaeology.

ResearclObjectives

Theprimary objectiveof this research is to compare different data collection techniques
using the DGPS in the mapping of simulated skeletal dispersadsyimgscenarios and to
discuss théenefits of mapping these scenes using the DGPS with the integration of GIS for data
analysis and presentation. This research will (1) determine the accuracy of using a DGPS unit in
differential environmental scenarig®) constructdifferent scenariosiorder to simulate scenes
that may be encounter@dreatlife forensic caseq3) collect geospatial and attribute data of
featuredrom skeletal dispersalising the DGPS; (4) process, analyze, and generate maps of the

data in GIS; and (5) discuss the benefits, disadvantages, and methods of using DGPS and GIS for



scene mapping of skeletal dispersals in different scenarios.finalchapterof this thesis wi
summarize the findings of the research conducted. The results of this study will contribute to the
formulation of guidelines for using a DGPS unit in mapping skeletal dispersals and integrating

the DGPS data into a GIS

Thesis Outline

This thesis wl be dividedinto four chapters: the first chapter will provide an
introduction into the research project; the second chapter will determine the accuracy of the
DGPS unitin different environmentghe third chapter willletermine the practicality and
acairacy of using a DGPS by constructsigwlated scenarios, and the fourth chapter will
discuss théntegration ofDGPS data into a GIS for analysis and mapping. The final chapter will

also provide guidelines for using a DGPS wvtienmapping scattered man remains.



CHAPTER TWO: ACCURACY DETERMINATION OF DGPS UNIT USING SURVEY
MARKERS

Introduction

Accuracyis how close a value is to the true value, while precision refers to the way in
which the data is measured or stored (Wheatley and Gillg@f}?).Unfortunately, acuracy is
often difficult to measure as the true value is generally not known, except by the data collected.
With precision, the more advanced or finer the unit of measurement that can be measured by an
instrument, the more preeishe data is said to be. Both accuracy and precision are important for
recording a scene with forensic significance; however, for reconstruction purposes, accuracy is
generally more important in forensic investigations (Gardner, 2004).

Innovative technlogy of DGPS unitdhas enabled investigators to attain a higher level of
accuracy than ever before. A high level of accuracy is esspatiddularlyfor scenes involving
human rerains The accuracy of DGPS units has increased over the years from adeats e
spatial technology; however, even the most advanced DGPS units cannot control certain factors
during acquisition of positional information. Thus, it is imperativeetmgnizetheseimitations
and integrate this into data collection and analysis.

Though extensive research has been conducted to determine the influence of certain
variableson the accuracy of GPS, limited research has been conducted concerning the use of
DGPS in the mapping of human remainsszertairthe effect of theseariables Listi et al.

(2007) assessdtie use of a standard GPS unit with the addition of a beacon receiver for
mapping scattered human remains at a scene. The authors determinedidhapticed GPS

unit generated a positional error of less thanloaé mete; however, the GPS unit could not



distinguish features that were in close proxinayeach othewhen data was collected with a
100-second collection timeAs with their previous studiListi et al., 20@), the authors
concluded that using a GR&snot as reliable as traditional mapping techniques. It must be
noted, however, that the DGPS receiver used by the authors has become obsotetgedsd
that are more accurabave been developed in the last four yehasoffer decimeter accuracy
with postprocessing. Thus, it is crucial that the accuracy afghew and enhanced DGPS units
be assesseadlithin multiple environmental scenarigs that these error determinations may be

applied in the field.

Purpose

The purpose of this chapter is tetdrminethe accuracy othe DGPSunit in different
environments by collecting point data at known survey markers fse&0nd and 108econd
collection timesn various settingsAdditionally, the distance accuracy of the DGPS unit will be
determined by comparingaximumdistance measurements of long bones with collected point
data of the long bones at proximal and distal ends. Furthermore, the determination of collecting
proximae bones as separate features or as a single feature was also considered. Bones were
measured at distances®tm,10 cm, 15 cm, 20 cm, 25 cm, and 30 cm to determine the best

data collection method of clustered skeletal elements.



Differential Global Positioning System3heory

To understand theariablesthat affectthe accuracy of a GPS unit during data collection,
it is first important to understand the components and basic mecha@é&SofGlobal
positioning systemss a satellitebased positionip system involvin@4 satellites circling the
earth(El-Rabbany, 2006)A GPS receiver uses positional information from these satellites to
calculate the position of an object on the eéigilRabbany, 2006)The development of a
differential global positioning systerGPS allows more accurate point positions, which may
be utilized to document the position of specific objects, such as skeletal elameridditionh
featuresat a scene.

A DGPSunit is a more accurate enhancement of a standardu@iPtat requires two
receivers; one remains stationary while the other records positiongdFitaiee 1). The
stationary receiver, a basestation, relates all of the satellite measurements onto a single local
referencgEl-Rabbany, 2006; Napton and Greatbeu2009) The basestation measures the
timing errors and provides correction information to the other recdiwang posprocessing
Differential posprocessing software obtains known basestation information via the internet and
then compares this iofmation to the mapped point ddfgure?2) for increased positional
accuracy(Spencer et al., 2003yurthermoreDGPS units are handheld units that are compact
and easy to transport to andrfidhe scene, and only a single operator is necessary to collect

positional informatior{Napton and Greathouse, 2009)
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Basestation DGPS receiver

Figure 1- Differential GPS positioning

g g

Basestation Computer DGPSreceiver

Figure 2- lllustration of postprocessing foiferential GPS correction

Sando et al. (2005) categorize GPS receivers into three main configurations in the United
States Tablel): autonomous, wide area augmented system (WAAS), and continuously
operating reference station (CORS). Autonomous configuration is the simplest mode, using a

single receiver and three satigl to determine the current location.idé/area augmented



systenmuses both lantbased control stations and geostationary satellites to adjust GPS data to
improve accuracgnd was developed in order to provide accurate aircraft navigafiois
technology is a correction service that was created at no extra charge for all WAAS enabled GPS
receivers to achieve 3.0 m accuracy or legs multiple fixes and 7.0 m accuracy with single
fixes (Bolstad, 208; Sando et al., 2005)This systenwas originally degloped for military use
andhasrecentlybecome available to the general pulicen using a GPS enabled with
NAVSTAR technology Bolstad, 200%h Like differential poprocessing, signafsom satellites
are received by ground reference stations througtthNAmericaand correction information is
calculated and then broadcasted to GPS units with NAVSTAR technology automatically.
Currently, ivo WAAS satellites are in place over the Atlantic and Pacific Ocgzansdo et al.,
2005)

The configuratiorusedfor this projectthe CORS network, provides the most accurate
positional information.The CORS network is available to the pulitiorderto improve the
precision of collected positions (Bolstad, BOPositional data is collected from several
basestations in the CORS network and is used to differential correct positional data collected in
the fieldor with postprocessing Postprocesse@ORS data requiredifferential processing
against CORS basestation data that is retrieved from the int&atd.collected via CORS
configuration can also be used for rale correction if the GPS unit has the capability of
connecting to the ternet in the field Any DGPS receiver within the range of the radio beacons
can access the CORS netwavikh eithe an antenna or additional beacon reeei According

to Bolstad (200§ the federal government is looking to extend the CORS network to all areas of



the United States, but as of nomwnly certain locations can use CORS technology because of the

limited locations of CORS radio beacons.

Table1l- Summary of the three main GPS configurations used in the United States

Autonomous Wide Area Augmented System  Continuously Operating
(WAAS) Reference Station (CORS)
1 Simplest mode 1 Free correction service from § Most accurate
1 Leastaccurate the US military 1 Requiregposprocessing
1 Uses single receiver 1 Uses lanebased control f CORS data available ove
and 3 satellites stations and geostationary the internet
satellites f Can be used for resime

I Used to achieve at least 3.0 correction

accuracywith multiple fixes ¢ Not available in all areas
1 Available to GPS units with of the US

NAVSTAR techndogy

Severalnfluencescan limit the accuracy of points recorded by a DGPS receiver such as
cloud cover, satellite position, and obstruction of satellites from buildings and tree cover (Sando
et al., 2005).Prior to 2000, selective availability was a heavily influential factdahe
inaccuracy of DGPS positional dat&elective availability was a protective feature imposed by
the United States Department of Defense that artificially deteriorated clock and ephemeris data
for civil users Bolstad, 200h In 2000, President @lion requested that selective availability be
removed from satellite signals captured by civilian GPS units. Since selective availability was
lifted by the federal government in May of 2000, studies have been conducted to ascertain the
improvement of acaacy by GPS units (Graettinget al., 20Q). Graettinger et al. (2000
reported an improvement in accuracy up tefdl@ after the removal of selective availability.
Furthermore, #hreeyearstudyby Sando et al. (2@) demonstrated considerably higher

accuracy when compared with the Graettinger g2a01) study.
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Though Selective Availability no longroducesnaccuracies during the acquisition of
positional information, severatleer sources of error still occutonospheric and atmosphereic
delays can introduce error when satellite signals travel through the ionosphere and atmosphere.
Changes in charged particle density in the ionsphere and chargjesospheriadensity from
temperature change the atmospherean affect the travel speedithe satellite signal§Lechner
and Baumann20@). Differential GPS units, however, use dual frequency receiers
differentially correct this information by comparing the information collected by the receiver and
the basestatiomake into account tlse changes and creatphisticatedase models to reduce
error(Bolstad, 200% An almost negligible souracaf errorcan be from unsychronization of the
atomic clocks on the satellite. This, hewer, is also corrected in ppsbcessing (Bolstad, 2005
Trimble Navigation Limited, 2009

The geometry o$atellitespositions can also affect the positional error of a DGPS
receiver. Satellites are mastcuratevhenthey are spaced farther apart, as cletesatellites
overlap, causing areas of positionatartainty whersignals intersect (Bolstad, 2005The
geometry of a constellatiaof satellites is expressed by a number called the Dilution of Precision
(DOP). Types of DOP include, Vertical DOPROP), Horizontal DOP (HDOP), and Positional
DOP (PDOP).PositionalDOP is the most commonly used in the determination of
compl ementary satellite geometry and is defin
created by the four most widespread, observed satellite to the volume defirmedideal
tetrehedrom (Bolstad, 2005183). Thecomposition of an ideal tetrahedron includes one
overhead satellite and three surroundiatgllitesspaced at approximately 1-2i@gree intervals.

The PDOP is expressed as a number with the ideal tetrahedron being dosEn¢he satellites

11



are to each othethe less accurate the satellite geomeahgreasing th€DOP numberJohnson
and Barton, 2004)Thus, a lower PDOP is modesirable. DGPS receivawill automatically
choose the satellite constellation with tbevest PDOP.PositionalDOP is predetermined and
can be acquired using planning software before data is collected.

Multipath signals are the most common source of error in standard GPS and DGPS units.
Multipath signals are signals from satellites thia reflected off of obstructions between the
receiver and the satellite such as clouds, trees, and strugteceser and Baumann, 2000
Because these signals are reflectbd,signals travel a further distartbandirect satellite
signals, introducig an offset into satellite positionisechner and Baumann, 2000T hese
multipath signals are also usually scregenet by antennadout can still influence point

collection(Bolstad, 200k

Materials and Methods

The differential GPSinit used forthis researchwasa Trimble GeoExplorer 2008 Series
GeoXH handheld differential GPS receiver with Zephyr antéRitaure3). The receiver uses a
field computer powered by Microsoft Windows Version 6 operating systednT errasync
software The receiver uses bothdtlar and EVEREST multipath technology to provide
heightenedaccuracyafter postprocessing using the internal antenna. The addition extiweal
Zephyr antenna provides better locational recordation with 10 cm to 30 cm accuracy when data
is differentially postprocessddrimble Navigation Limited, 2009 Interestingly,in 2005,
Sando et alfound thatwhenan older model of this DGPS unit wesmpared to thregimilar

receivers, the Trimble GeoExplonexceiver was the most accurate.
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Zephyr antenna

Rangepole

Trimble GeoExplorer
2008 Series DGPS
Receiver

Tripod

Bone

Figure 3- Figure of DGPS and antenna with labeled components

The use of an external antenna increases the accuracy of GPStHeta inay<J.
Robeson, personal communication, March 12, 20ER¥t, by placing the antenma a
rangepole, the antennaaechored to an associated point on the ground that holds the
configuration in plumb.The operator is, thus, given a definitive point on the ground that they
intend to map.Secondly, by placing the antenna above the operator, the GPS and its accuracy

arenot suffering from the abstraction the operator creates with his or her own aablly, by
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using an antenna that is of a higher quality, such as the Zephyr, the quality and strength of the

signal is increased drasticallj.he Zephyr also adds an atiinal frequency antenna to the

single frequency DGPS unit. The reception of both frequencies creates a higher accuracy
position due to the GPS receiver and software
satellite. These frequencies are typically asmted with surveygrade DGPS units because of its

ability to calculate a far higher level of precision.

Controlled Points

Survey markers, or benchmarks, are known points on the earth maintawvedolog
federaland stategenciesuch as the Deparemt of TransportatiorBolstad, 2005Sando et al.,
2005;Dupras et al., 2011 It is common to find these points at road intersectioitg centes,
and other areas of intereas hese points are the basis for defining property boundaries. The
exactcoordinates, location, and description of these survey markers may be obtained from the
government for various reasonSurrently, survey markers are most often determined using
high-precisionGNSS technologies, such as commergrade DGPS units and asecurate to
the subcentimeter Bolstad, 2005Sando et al., 2005

Survey markers have previously been usethiih engineering studies to ascertain the
error of various GPS units (Graettinger et al., 2001 and Sando et al., 2005). This studg will als
utilize survey markers as known points on the earth to determine the error of the Trimble
GeoExplorer 2008 Series DGPS unithe coordinates of the known pointsed for this project

wereprovided by the Department of Transportation of the State of Florida and consist of 2 points
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in open areas, 1 point in an argadertree cover, and 1 point in an ameara tall structure
(Figure4). The survey markers were located within 5 kilometers of each othdewnyork
Ave. in Deland, FloridgFigure5). See Appendix A for survey marker information provided by

the Department of Transportation.

VOLV119 - Tree cover 90501006 - Near structure

Figure 4- Images of reference markers for survey markers 90501004, 90501007, VOLV119, and
90501006 provided by thHdorida Department of Transportation

| voLv119

i
= Tree cover

90501004

Open

Figure 5- Labeled map of survey markers with environment ityfizeland, FL
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Distance Accuracy

In addition to the aforementionsdrvey markescenarios, the mapping of proximate
bones as separate features or as cluatersanalyzed by mapping bonessatm,10cm, 15 cm,
20 cm, 25 cm, and 3@m distancesThe 5 cm distances were chosen to consider the different
levelsof clustering and to agty these systematic distances to long bone lengidslitionally,
the accuracy of the DGPS unit in mapping long bones will be determined by comparing
maximum distance measurements of long bones with collected point data of the bones at
proximal and distieends at both 58econd and 106econd collection time3.he results from the
analysis of these data will then be applied to data collection for the simulated scenarios in

Chapter 3.

Data Collection

Prior to the day of data collectioplanning almanac software (available through
Trimble) was consulted to determine the best time for data colleclibis software provides
information including thesatellite position datdDOP dataand elevation data on specific days
(Figure6). The bestime for data collection on aagt was determined by considering the greatest
number of satellites, with at least 4 satellites being the most bllesieand the least PDOP value,
with values less than 2 being the most desirable (Johnson and BA®drBolstad, 200k
Data collection was then conductedidg this time periodf weather permitted See Appendix

B for planning information for eachay of data collection.
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Figure 6 - Screenshot of data collection planning using Trimble Planning Software

In addition to planning the besime of day of data collectiorthe orientation of the
DGPS receivewasalso consideredVertical orientation of the GPS receiver has been found to
significantly influence accuracy, with vertical orientation of the receiver yieldormgdinates
that are more accurat@ther than horizontal orientatigBando et al 2005. Datawere
collected in US State Plane 1983, Florida East, with the NAD 1983 Conus datum, as this is the
coordinate system and datum used by the Florida Department of Transportation in Deland,
Florida. By usingthe same coordinate system and datum, additional error will not be introduced
during processing and export from changes in the projection of the syd®@ins datavere
collected using the batch method, which is the average of the point dasadorddntervals.
For example, a batch reading for a point collectedsdcbnd intervals for 50 seconds would

yield the average of 50 points collected at that locatitime collection times for this research
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were chosen in accordance with the -58@ond co#ction used in previous research (Listi et al.,
2007) with the addition of the more efficient &&cond collection time for comparison
purposesThe following information was recorded by the DGPS during point data collection:

Date

Time

Northing

Easting

Max HDOP

Max PDOP
CorrectionType
ReceiverType

Filtered and unfiltered positions
Feature Name.€. Bone)
Data dictionary used
Filename

=2 =2 -4_-0_9_9_9_9_2_-24_-2._-2-

Point dataverecollected at each survey marker isé&cond intervals for 50 secondsd
100 second§éFigure7). Using this method, 25 points were collected consecutively for each
survey marker at both 5@cond and 108econd time intervalsFifty-second and 108econd
data were collected on different days because of time limitati@isonflicted with planning
times Further, data were collected using a predefined data dictionary with survey marker,
collection interval, environment type, and rofeigure8). These attributes were later exported

into ArcGIS with the point data for analysis and creating maps.
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Collection interval:
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100 s

Figure 8- Screenshot of data dictionary used during data colledgtioherrasync
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Data Processing

After point datawerecollected in the field, unprocessed dateretransferred to a
desktop computer using ActiveSync. This data was then imported into Pati@ffiderfor
differential posprocessindFigure9). Postprocessing capabilities refer to the ability of the GPS
receiver to store GPS system data in a format that can be used to compute differential corrections
of the location data using corrections recorded rigference receiver to improve locational
accuracy(Bolstad, 2005; Trimble Navigation Limited, 2009Jncorrected data was
differentially postprocessed against the closest pblalsestatiom Deland, Florida (CORS96),
approximately 8 kilometers from the mapped area (integrity index 3, 9ing Pathfinder
Office. The integrity index is argding sgtem by Trimble that monitors basestations used for
differential processingndrates a basestation on its reliability, accuracy, and predi§iimble
Navigation Limited, 2004) Additionally, theintegrity index value for a basestationadjusted
in consideration of the proximity of the basestation to where the data was collected by the rover
unit. Trimble recommends postprocessing against a basestation with an integrity index of 80 or
higher that is within 200 kilometers of the site (Trimble Navigatiomited, 2009)It is
important for the basestation to ineclose proximity (a maximum @00 km)of the roving
receiver, as this wikkllow the receiver and basestation to collect data from the same satellite
constellation angiroduce less error durirdjfferentialposprocessindBolstad, 200k
Processed data were then exported into ArcGIS 10 for analysis in ArcMap. The GIS software
used for this researahasthe latest version of ESRI ArcGIS, version 10 and included the use of

ArcCatalog and ArcMap
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Figure 9- Screenshot of differential postprocessuging Pathfinder Office

A geodatabase was creafed each scenarito organize the collected dgf@igure 10).
This was accomplished by creating shapefiles from the exportedmthgrouping these
shapefiles into feature datasets shapefile is a filetypesed in GIS that is a netpological
digital storage format used to store the geometric location of featnr@snap and includes
collected attribute informationAdditionally, the filetype allows the eagyojection changéom
one coordinate systern inothewithout losing substantiapositional informatior{Bolstad,
2005. For comparison purposes, coordinate data of the survey markers were also imported into

the geodatabase as a shapefile usliigosoft Exceland the XY data tool in ArcGLS
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Figure 10- Screenshot ajeodatabase for accuracy dataArcCatalog

These methodg-{gure11) were first used for the 58econd collection time data and
subsequently used for the 188cond collection time data. The-&&cond and 108econd were

then analyzed to determine accuratyhe collected points to the survey markers.

Import Differential

Data data into
collection

Create Analysis

GDB and|| 24 mapy
with GPS ArcGIS shapefileg inc A?recl:(gl S
Pathfinder

Planning

Figure 11- Flowchart of data planning, collection, processiagd analysis methods
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CalculatingAccuracy

Per Sando et a{2009, the following formula was used to determine #oeuracyof the

collectedpoints:

Accuracy =y/(X - %)* +(%; - ¥o)’
Where x; is the collected horizontal coordinatg, is the known horizontal coordinatg, is the
collected vertical coordinate, ang is the known vertical coordinate. The accuracy was
calculated by exporting attribute data iltkicrosoft Excelversion 10and using the formula tool.
Accuracy data werthen imported into GIS as attribute informatiatong with additional
statistical analyses discussed lat€o ensure correct accuracy calculatiohs, accuracy of each

point wascrosschecked using the measuring tooArcGIS. On all occasions, tlewlculated

accuracy and the distance measurement ini&i® equal tahe nearest hundredth centimeter.

Results
Survey Marker Accuracy

The accuracy for each survey marker and collection time was calculated using the
aforementioned formula ardescriptive statisticémean, standard deviation, range, and 95%
confidence intervaljvere determinedsing SPSS Version Z0r comparison purpose3dble2).

The mean accuracy for the treevered survey marker (VOLV119) was 42.97 cm and 41.34 cm

for the 50second and 108econd collection times, respectively. Additionally, the mean
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accuracy for the suryemarker near a tall structu(@0501006) wa89.20 cm and 37.30 cm for
the 50second and 166econd collection times, respectively.

The two survey markers in open areas (90501007 and 90501004) showed similar results
for both collection times. Survey marker 90501007 demonstraaedusacymean 00.59 cm
for 100-secondcollection time and 11.55 cm for &@&cond collection time. Correspondingly,
survey marker 90501004 displayed a maecuracyof 9.51 cm for 108second collection time
and 11.48 cm for 58econd collection timeTherefore, lhe data collected at survey markers in
open areas for both collection times were more accurate than the data collected in obstructed
environments, with a mean accuracy of approximately 12.0 cm fse&@nd collection time and

10.0 cm for 106&second colletion time.

Table2- Summary of the accuracy results of€sftond and 188econd collection times

Survey Mean Standard 95% confidence
marker  Environment (cm) deviation (cm) Range (cm) interval (cm)
50-second collection time
VOLV119 Tree cover 42.97 2.27 39.57t0 46.32 42.08 to 43.86
90501006  Structure  39.20 1.80 34.91to 42.00 38.50to 39.91
90501007 Open 11.55 1.65 9.13t013.38 10.89t0 12.21
90501004 Open 11.48 1.75 7.98t014.79 10.80t0 12.16
100-second collectiortime
VOLV119 Tree cover 41.34 2.87 37.08t0 46.24 40.22to 42.47
90501006  Structure  37.30 1.95 34.85t0 42.62 36.54 to 38.06
90501007 Open 9.59 1.82 7.36t012.84 8.861t0 10.32
90501004 Open 9.51 2.25 5.30t0 13.87 8.63to 10.39

Furthermore, e survey marker under tree cover was found to havieighest standard

deviation, and, thuglemonstrated theostvarianceof the collected points for both collection
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times (Table3). Table 3 shows both the mean accuracy for each survey marker usseg&tl

and 106second collection times and the difference between these values, demonstrating that, f
all environmentsthe 1068second collection time was slightly more accurate by approximately
2.0 cmconsistentlyTable3). Additionally, Table 4 demonstrates the maaorthing and

eastings for the survey markers using both collection times, showing tltatideted northings

wereconstantlymore accurate than the eastings for both collection times and all survey markers.

Table3- Averageerror and difference between collection time error of collected points to survey

markers
Mean Mean Mean error
Survey 50-second 100second  difference
marker  Environment error (cm)  error (cm) (cm)
VOLV119  Tree cover 42.97 41.34 1.63
90501006  Structure 39.20 37.30 1.90
90501007 Open 11.55 9.59 1.96
90501004 Open 11.48 9.51 1.97

Table4- Mean error of northings and eastings for collected poaitsurvey markers

50-second 100-second
Survey Northing Easting Northing Easting
marker  Environment (cm) (cm) (cm) (cm)
VOLV119 Tree cover 23.51 35.92 22.04 34.90
90501006  Structure 21.26 32.88 20.53 30.10
90501007 Open 6.37 9.52 5.33 7.79
90501004 Open 6.40 9.45 5.49 7.56

Theresults ofan independent samplegest d mean accuracies for the collection times

areshown inTable5. The null hypothesis stathat the accuracy of the GPS unit was not
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significantly affected by the data colleut time. The results from this test show thatéthr
survey markergherewas a significant difference in accuracy betweendsdl 108second
collectiontimes(VOLV119 p = .034 90501006 = .001, 90501007% = .00Q 90501004 =
.00)). These resultsupport the hypothesis thidge accuracy of the DGPS unit wagnificantly
increased by 108econd collection time, compared to-$€cond collection tima all

environments

Table5- Results of independent samplasdt for both collection times and survey markers

Survey Collection Mean
marker time (cm)  s.d.(cm) t df _p
VOLV119 50s 4297 227 218 48 .034
(Tree cover) 100 s 41.34 2.87
39.20 1.80
90501006 50 s 3.52 48 .001
(Structure) 100 s 37.30 1.95
11.55 1.65
90501007 50 s 3.83 46 .000
(Open) 100 s 9.59 1.82
11.48 1.75
90501004 50s 3.47 48 .001
(Open) 100 s 9.51 2.25

When consideringlata collected in open areas, there aagapproximat20% accuracy
increase using 108econd data collectiomhencompared to 5@econd data collectigfTable6).
Table6 shows the results of thedependent samplegdst conductetietweerthe dfferent
collection times for both survey markers in open ar@dee analysisndicatesthatthe different
openareaddid notyield significantly differentGPScoordinatedor both 50 and 108second
collection timeg50-secondo = .884 100secondy = .893, suggesting that tHeGPS unit

produced consistent resultaringdata collection of the open areas for both collection times
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Table6- Independent samplegdstof mean error (cm) for 5@econd and 108econd collection
times and mean percentage changes between collection times for open areas

Collection
time 90501007 90501004 t df p
50-second 11.55 11.48 -.146 47 .884
100-second 9.59 9.51 -.136 47 .893
% change 20.7% 20.4%

Distance Measurements

The actual maximum length of each long bone was compared to the measurements
between collected points in ArcGIS for both-&condand 108second collection timesFigure
12 illustratesthe points collected at the piimnal and distal aspects of the long bones in the field
for both collection times in an open ardanes were added in ArcGIS to illustrate the
orientation of the long bone®verall, the 108second collection time was consistently more
accurate than the0-second collection tim&zhen collecteghointswere compared to actual
lengths(Table7). The range of the positional error wa cm to 2.8 cm fothe 100second
collection time and .5 cm to 5.5 cm for the &cond collection timgTable7). Long bones with
a maximum length greater than 25 camtbnstrated collected points that were closer to the
actual maximum length. Additionally, the orientation of long bones with a maximum length
greater than 25 cm demonstrated coroggntation and less varied orientation between

collection times wheronpared shorter long boneBigure12).
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Figure 12- Map of long bone measurements for both collection times
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Table7- Comparison of actual long bone length and lengths between collected points measured
in GIS for 508second and 108econd collection times

Actual max GIS max Difference
length (cm)  length (cm) (cm)
50s 100s 50s 100s
Humerus 31.0 355 31.8 4.5 0.8

Radius 23.0 21.4 25.2 1.6 2.2
Ulna 25.0 285 27.8 35 28
Femur 42.0 475 444 55 24
Tibia 32.0 344 334 2.4 1.4
Fibula 35.0 37.1 34.3 2.1 0.7
Os coxa 22.0 215 221 0.5 0.1

Mean difference 2.9 1.5

Positionaldata was also collected for known distances (0 cm, 5 cm, 10 cm, 20 cm, 25 cm,
and 30 cm) and compared in &LS using the measurement toéligure13illustratesthe
collected points at the marked distances wilihe symbolizing the measuring tape used in the
field to mark the distances. Likbe long bone measurements, the-§806ond collection time
was consistently more accurate than thes&ondcollection time, but not bynorethan 2 cm
(Table8). The range of the positional error was .6 cm to 2.3 cm fot@Besecond collection
time andl.1 cm to 2.6 cm for the 58econd collection timeT@ble8). Additionally, the error

decreased as the distances increased.
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Table8- Comparison of known lengths and lengths of collected points measured in G0S for
second and 1068econd collection times

GIS length (cm) Difference (cm)
50 s 100 s 50s 100 s

5cm 7.5 7.3 2.5 2.3
10 cm 12.6 11.9 2.6 1.9
15cm 17.6 16.2 2.6 1.2
20cm 22.2 21.4 2.2 1.4
25cm 26.4 25.9 1.4 0.9
30 cm 31.1 30.6 1.1 0.6
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Discussion

Similar results among these environments with increased error from older DGPS models
can be found in an earlier study by Sando et al. (2005). The accuracy of this DGPS unit in
obstructed areas, such as areas undeictreer and near tall stctures, may not be sufficient for
mapping skeletal dispersals because of the high level of error. However, open areas produced
consistently accurate positional error data for both collection times for two different unobstructed
areas and may be considefedmapping purposes.

In 2001, Graettinger et al. reported that observed accuracies in their study on GPS
receiver accuracy were significantly higher than the accuracies reported by the manufacturers in
the information provided for their product. The D&Enit used for this study, however, was
consistent with the manufacturerods reported
along with ease of use, of DGPS units is a concern for most consumers, DGPS retailers, such as
Trimble, are conductinghore indepth accuracy determination for newer DGPS units.

Furthermore, several factors not considered in previous studies (Listi et al., 2007 and
Spradley et al., 2011) were investigated in this chapter, such as data collection methods and
accuracy determation in different environments. By considering data collection methods of
long bones and clustered skeletal elements, it was determined that long bones less than 25 cm in
length should be measured using 2 points and clustered skeletal elements magectimeapart
should be measured as separate features. Additionally, the effect of the environment on the
accuracy of DGPS units was also considered by determining the error at known survey points in

obstructed environments in addition to open areas.
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Suwey Marker Accuracy

The accuracy calculatdcbm the survey markers in open areas for both collection times
demonstratinghat the DGPSised for this researgroducegelatively consistent results at
different locations and on different days when in the same environiérn considering the
placement of the collected points, the potetsded to cluster northwest of the survey marker for
all environments and both collection tismm@iguresl4 and 1% Additionally, the northings
(vertical positions) were less accurate than the eastings (horizontal positions), greatly increasing
the calculated error. Spradley et al. also found this to be the case for their point data and
attribue d t hi s t r eknmdo wro Ibiemiat aitwiedn of GP30lt7ec hnol o

however, no literature could be found concerning this trend.
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in Deland, FL

Theindependent samplégdest of the survey markers at different collection times
demonstratethat the 108second collection time yielded significantly different accuracy values
than the 56second collection times. This is expected, as the position of the feature collected is

an average of each position collected-getond interval®r the duration of the collection time.
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Therefore, if time permits, point data should be collected for a minimum of 100 seconds to
ensure increased accuracy.

Furthermore, the use of a rangepole and tripod allowed increased precision of the desired
point. In cases where a rangepole is not usedL(sti et al., 2007 and Spradley et al., 2011), the
unit is placed over the desired point at an approximate height when collecting positional
information. This method introduces additional error and can geeaaconsistent results.
Additionally, theinclusion of a level on the rangepole reinforces the exact location of the desired
point, while the tripod holds the unit in place until mové&dnally, the use of an antenna allowed
easier access to satelliteg extending the height of the unimcreasing the satellite geometry
necessary to collect accur at e po $stracingthes and

satellite signals

Distance Measurements

Positional information collected at known intervdimonstratethat long bones less
than 25 cmin lengthshould be collected with one pointe( scapulae, ribs, vertebra, etc), as
bones longer than 25 cm can demonstrate the orientation of the elemesig two points;
thus, it is recommended thabnes longer than 25 cm be collected with two poingsdrania
long bonesetc). Predeterminedgintsshould be assigned tmnes less than 25 cm in length
andshould be consistent throumit data cdection. For exampldt is recommended that
scapulae be measured at the glenoid fossa and all vertebrae should be measured at the anterior

aspecbf the body. Furthermore,tiis recommended to mdgones asdividual features when
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skeletal elementare at least 25 cm apart, a@odnap clusters o2 or more bones that are less
than 25 cm apart as one feature. The user mayirthiedei nf or mat i on i n the AN
entrydescribingthe skeletalelements comprising the cluster
As seen with the suey marker accuracy,00-second data collectiaime was found to
beslightly more accurate with a mean difference of 1.5 cm compared to 2.9 cm when comparing
long bone lengthsif time permits, itis best tomeasure all points with a 1&&cond collection
time, rather than 58econd collection time. However, all points should be recorded consistently

with the same collection tim&vhether itis 50-second,100-second or any other time allotment

Conclusios

This chaptepresents a quantification tife influence of differenfactorslikely to affect
the accuracy of BGPSreceiver used in the collection pbsitional data.The accuracy of the
DGPS unit was determined in 3 different environments: an open area,caveged area, and an
area near #all structure.Two different collections times, 5€econd and 108econdwere
conductedvithin the differing environmentsWhen comparing the collection times, it was
determined that the 1&€econd collection time was slightly more accuaggroximaely 20%)
than he 50second collection timeThus, f time permits, point data should be collected at-100
second time intervals to insure accurate positional information. However, the difference found
between the collection times is minimal when condidethe error introduced by the

environment in obstructed environments.
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Additionally, it wasdeterminedn this researckhat the Trimble GeoExplorer 2008
Series DGPS receiverasgreatlyaffected by obstructions within the environment. This unit
was acurate to approximately/1.52cm in open aread,2.97cm in areas under tremver, and
39.20cmin areas near a tall structusgth a50-secondcollection timeand9.55cm in open
areas41.34cm in areas under tremver, and37.30cmin areas near tll structure with a 100
second collection time

Further researcis necessary tdetermine the influence of additional factors to the
accuracy of DGPS units such as level of cloud calegree of treeover, direction of the
receivertime of day, PD®, and additional collection time$n addition toposprocessingreat
time differential processing should also be investigatadthermore, error levels should be
determined foadditionalDGPS unitsas only a single DGPS unit was considered ingtidy.

With the inevitable creation of innovative DGPS technology, increased accuracy of
DGPS receivers is an endeavor that should be expected in years tflechmeer and Baumann,
2000). Studies conducted 7 years ago, show error levels of 1.7 m l8ED/@its in open
environments (Sando et al., 2005), clearly showing the rapid pace at which DGPS technology is
developing when compared to the decimeter accuracy determined from this project. It is, thus,
the responsibility of the researcher to evaluhéeuse of these new technologies in the field
within different environments and conditions before applying them in forensic situations.

The following chapter will apply the determined accuracy of thefile GeoExplorer
2008 Serie®©GPS unit calculateth this chapter to simulated scenanwighin differing
environments antkvelsof scatter. Thassembledcenarios will be analyzed in ArcGIS to

determine the applicability of mapping these scenarios using this DGPS unit.
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CHAPTER THREE: MAPPING SIMULA TED SKELETAL DISPERSALS USING A
DGPSUNIT

Introduction

Until recently, GPS units have been used only to collect basic GPS coordinates, such as
datums, rather than the specific location of remaiitisin archaeological siteNapton and
Greathouse, 2009purveying methods usitnDGPS units have been conducted archaeologically
for several years. DGPS units have been used to survey both large and small archaeological sites
all over the world. An ancient road netwoankArmana, Egypt with a total of 70 roads has been
mapped using a DGPS unit (Fenwick, 2001). Several times surveys have been conducted using a
DGPS unit to create digital elevation models (DEM) of archaeological sites (Chapman and Van
Nort, 2001; Fenwick2001). Collier et al. (1995) utilized a DGPS to construct a large triangle
irregular network (TIN) for spatial analysis at an archaeological project in Langstone Harbor,
England. Also, digital terrain models (DTM) have been created using GPS datadCalpra
2002). Additionally, DGPS data collected at archaeological sites can be used not only for
surveying purposes but also in several kinds of spatial analyses such as the relationship between
elevation, landscape, feature locations, artifact disppegterns.

Listi et al.(2003)presented the first research concerning GPS as a utility in mapping
skeletal dispersals in a poster presentation at the American Academy of Forensic Stiences.
was determined through thiseliminarystudy that the use of a GPS unith beacon receiver
was only a valuable tool in scene mapping for pinpointing the location of the entire scene or a

datum rather than mapping individual skeletal elements.
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As discussedh the previous chaptelimited research has been conducted concerning the
utility of a DGPSunit in mapping skeletal dispersal®t her t h a n(2003)pseliminarg t al
researchtwo studieshave been published that utiliadDGPS in mapping human remalristi et
al. (2007) andSpradleyet al.(2011). However, though Spradley et al. (2011) utilize a DGPS for
scene mapping, their research was primarily focused on the analysis of scavenging patterns from
vultures on a human cadaver and not the development of a methodofmgyrang mapping
using a DGPS.

In both studieshetype of dispersali.e. wide scatterversustight scatter)vas not a
consideration by the authors. Additionally, both environmarntisese studiewere mixed
environments with skeletal elements saatten both open and obstructed environmeMsst
importantly, the error values determined by Listi et al. (2007) were calculated from a survey
marker in an open environment and were applied to open and wooded environvhamtsver,
thedetermined acaacy using 20&econd collection time was inappropriately applied to data
collected in various environments at 1€€cond collection times.

Furthermore, the single simulated scenario constructed by Listi et al. consietdy &f
featuresand the skeletal dispersal assessed by Spradley et al. (2011) irmhlgledescenario
Thus, further research with multiple environmental scenarios and disfesesiaimust be
conducted to accurately assess the practicality of using these enhanc8diBitSRn mapping

skeletal dispersals.
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Purpose

The purpose of this chapter is to determine the applicability and practicalityizihg a
DGPS unit inmapping skeletal dispersals. Environmenish a®pen areas, areas under tree
cover and areasear a tall structure will be considerelh addition, the distribution of the
skekton, such as widely scatteréightly scatteredand relatively articulatedispersals, will also
be considered. The calculated accuracy of the DiBR® different envbnmentsrom the
previous chapter will be applied to these scenarios as ®etause the DGPS is a relatively
new technology that has yet to be comprehensively utilized in the mapping of human remains,
different aspects of this utility, such as data collection time, data collected on different days,
proximity of features, featureottection, postprocessing methodsd attribute dateollection

will alsobe demonstrated.

Differential Global Positioning Systeand Scene Mapping

In situations where scattered remains are extensively dispersed over a large area or
topographically veed area, standard mapping technigues can be a difficulfliissket al.,
2007; Napton and Greathouse, 20@jferential GPS receivers can be easily moved to each
skeletal element overlarge area, without introducing additional eraesia result of long
distance measuring-urthermore GPS geospatial data can also be integrated into a GIS which
allows the user tanalyze and effectivelglisplay the mapped sce(leowe and Burns, 1998;

Gao, 2002; Spencer et al., 2003;Rzlbbany, 2006; Dupras et al., 2011)
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Additionally, DGPS software allows threcordatiorof attribute data for features through
preset data dictionaries, $uas bone type and side that can later be accessed in a GIS using an
attribute table Trimble Navigation Limited, 2009 The user may then label the map in GIS with
this information for presentation purposes. Furthermore, distance between points caly be eas
calculatedoy usinga measuring toqWheatley and Gillings, 2002 hese features may be
useful in a court setting where the distance between bones and scene features can be easily
determined while testifyinggnd an inventory of the remains or associated evidence can be

referenced.

Materials and Methods

As in the previous chapter, the differential GPS used for this research was a Trimble
GeoExplorer 2008 Series GeoXtdndheld differential GPS receiver with Zephyr antenna. The
receiver uses a field computer powered by Microsoft Windows Version 6 operating system and
Terrasync software. The receiver uses bottat and EVEREST multipath technology to
provideheightemd accuracy after pgebcessing using the internal antenna. The addition of the
external Zephyr antennae provides better locational recordation with 10 cm to 30 cm accuracy

when data is differentially postprocesga@dimble Navigation Limited, 2009

Scenarios

Scenarios were constructénl depictvariouslevelsof skeletal dispersals that may be

encountered in redife situations. The followindevelsof dispersals were considered: wide
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scatters, tight scatters, and relatively articulatemttergTable9). Additionally, the following
environments were considered: open areas,dogered areas, and areas near tall structures
(Table9).

The environments in this research were chosen to represent three types of outdoor
environments that dumped human remains are found. Manheir{22G8)found that human
remains are dumped in both open and wooded environments or within sight of a structure.
Furthermore, the different levels of dispersals were chosen to repdesgearsal scenarios of
human remains in outdoor settings. Skeletal dispensais been known to range from relatively
articulated skeletons to skeletal elements dispersed over hundreds of meters in rural areas

(Manhein et al., 2008).

Table9- Summary ofypes of dispersals and environmetwsisideredor the simulated

scenarios
Type of Dispersal Environment
Wide Scatter Open area
Tight scatter Treecovered area

Relatively articulated skeleton Area near structure

The simulatedscenarios were determined by combining each environmentaatitype
of dispersal for a total of nine scenari@able10). Point dataverecollected with differens0-
second and 106econccollection times for all sgarios. Also, offsets andncreased

productivitysettings were implemented in ohstted environments.
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Table10- Summary table of the simulated scenarios with environrgreof dispersal, and

variablesconsidered during data collection

Scenario # Environment

Type of dispersal

Variables considered

1 Open area Wide scatter i Collection time

i Postprocessing

9 Different days
2 Treecovered area Wide scatter 9 Collection time

1 Offsets

1 Productivity settings
3 Open area Tight scatter i Collection time
4 Treecovered area Tight scatter 1 Collection time

1 Offsets

1 Productivity settings
5 Open area Relatively articulatec 1 Collection time

skeleton
6 Treecovered area Relatively articulatec 9 Collection time
skeleton 1 Offsets

1 Productivity settings
7 Area near structur¢ Wide scatter 9 Collection time

i Offsets

1 Productivity settings
8 Area near structure Tight scatter 9 Collection time

1 Offsets

1 Productivity settings
9 Area near structure Relatively articulatec 9 Collection time

skeleton

1 Offsets
9 Productivity settings

Three areas were chosen to represent the predetermined scenario environments on the
University of Central Florida campuBi@ure16). The open area was a cleared area in the
University of Central Florida Arboretum. The treevered area was also an area in the

Arboretum but was densetpvered with trees. Finally, theenarios near a tall structure were
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conducted in an urban area on whiclewadlboatedanr si t vy

the south aspect ¢foward Philips Hall.

Q%75 150 300 M
SR e W ST LT .

Figure 16- Aerial image of the scenariocationson theUniversity of Central Florida campus

Data Collection

Prior to the day of data collectioplanning almanac software (available through
Trimble) was consulted to determine the best time for data collecTiois software provides
information includingthe satellite position data, DOP data, and elevation data on specific days
(Figurel?7). The best time for data collectimrasdetermined by considedrthe greatest

number of satellites, with at least 4 satellites being the most desirable, and the least PDOP value,
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with values less than 2 being the most desirable (Johnson and Barton3@30&d, 200k
Data collection was then conducted during this time period if weather permitted. See Appendix

B for planning informatiorior each day of data collection.

File Almanac Satellites Graphs Lists Options Windows Help

PR DEH 44 rmorRE QE 20

Satelite Systems: W GPS ™ Glonass | Galleo [~ Compass [~ WaaAS

Station Name:

Orlando,FL

Cancel

 Position
Latitude: N e
Longitude: WH - 23"
Height: 0 [m] Obstacles...

Elevation Cutoff: |10 H Map...

City...

Apply
Delete

i~ Time

Start Date: [TEETZEZ—E -J
Start Time: rm
Duratiors [ = m

Interval: [@ [min]

r Time Zone:
Eastem Standard Time

DST Difference UTC: -4.0 [h]

Figure 17- Screenshot of planning using Trimble Planning Software

In addition to planning the best time of day data collectiorthe orientation of the
DGPS receivewasalso considered. Vertical orientation of the GPS receiver has been found to
significantly influence accuracy, with vertical orientation of the recejiedding coordinates
that are more accuratéhen compared thorizontal orientation (Sando et,£2005). Data were
collected in Universal Transverse MercaldifM), Zone 17 North, with the WGS 19&atum.
The rangepole served as the anchor during aadlaction. The end of the rangepole was

positioned at predetermined point adjacent to the skeletal element on the ground and was then
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leveled using the dot level on the tripdéigure18). The rangepole remained stationary

throughout the data collection time.

Rangepole

Bone

Figure 18- Image of rangepole placement during data collection with labeled components

Point data were collected using the batch method, which is the average of the point data
in 1-second intervals. For example, a batch reading for a point collectesbabid intervals for
50 seconds would yield the average of 50 points collected dotlagion. The collection times

chosen for this research were chosen in accordance with tkeet60d collectioime used in
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previous research (Listi et al., 200¥ith the addition of thenore efficient50-secondcollection

time for comparison purposes

The following information was recorded during point data collection:

=2 =2 -4_-0_9_9_9_9_2_-24_-2._-2-

Date

Time

Northing

Easting

Max HDOP

Max PDOP

Correction Type
Receiver Type

Filtered and unfiltered positions
Feature Name.€. bone)
Data dictionary used
Filename

Point data were collected at egubint of interesin 1-second intervals for 50 seconds and 100

seconds.Fifty-second and 108econd data were collected thve same day, consecutively.

The distance analysis conducted in Chapter 2 was implemented dat@ngodlection by

collecting data for bones with a maximum length of less than 25 cm as a single point, and with a

maximum length exceeding 25 cm as two points at opposite aspeqisoikimal and distal

ends) Tablel1l). Furthermore, skeletal elements clustered within 25 cm of each other were

recorded as a single feature.
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Table11- Description of points and number pdints collected on bones and number of points
collecedfor each skeletal element

Number

Skeletal element of Points Description of points collected

Cranium

Mandible
Vertebrae
Sternum

Ribs

Scapulae
Clavicle

Os coxa
Humerus
Radius

Ulna

Carpal
Metacarpal
Manual phalanx
Articulated hand
Femur

Patella

Tibia

Fibula

Tarsal
Metatarsal
Pedal phalanx
Articulated foot

N

NFRPRPRPNNMNEPENNRFRRNNNNRRERNRER

If oriented sideways: anterior and posterior aspect
If oriented longways: superior and infer@spects
Anterior aspect

Anterior aspect of the body
Superior and inferior aspect
Medial aspect of head

Lateral aspect (glenoid fossa)
Anterior aspect of midshaft
Superior andnferior aspects
Proximal and distal aspects
Proximal and distal aspects
Proximal and distal aspects
Distal aspect

Distal aspect

Distal aspect

Proximal and distahspects
Proximal and distal aspects
Distal aspect

Proximal and distal aspects
Proximal and distal aspects
Distal aspect

Distal aspect

Distal aspect

Proximaland distal aspects

For the scenarios set in obstructed environments (Scenarios 2, 4, 6, 7, 8, and 9), offsets

and lowered precision settings were implemented when the satellite geometry was too low for
data collection.As discussed in Chapter 2, good satellite geometry is important for accurate data
collection and is accomplished by an ideal number and position of satellites ovekidgatice
DGPSunits,such as th&eoXHused for this researchavea slider bathatallowsthe useito

favor productivityinstead ofrecision Figure19). Finer precision requires a lower PDOP and,

thus, highly favorable satellite geome(fiyimble Navigation Limited, 2009 It is customary
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when working inareas with interference tocreag the productivitywhich degradethe
precision(Trimble Navigation Limited, 2009 he pecision of the unit was loweremtil the
satellite geometry allowed data to be collected for obstructed skeletal eleméis level of

precision was recordedrfall skeletal elements that were collected with modified precision.

#: TerraSync

~~ Setup |~ ﬁ
GPS Settings OK | Cancel |:
GPS Receiver Port: COM3 ~
Productivity Precision =
[
DOP Type: PDOP
Max PDOP: 7.0
Min SNR: 38.0 | |
v
Min Elrninti, . 1490
Use these slider settings to collect precise
positions in most GPS environments.

Figure 19- Productivity versus precision featuire Terrasync

Additionally, basic offsets werappliedfor skeletal elements in areas that were too
obstructed for data collectiafter employing the productivity featurdhe DGPS unit was held
stationary in an area with good satellite geometry while the bearing and distance were collected
and entered intthe unit(Figure20). When collecting a point using an offset, the DGPS unit
collects the point data of the DGPS in the unobstructed area, the user then enters the bearing and
distance into the information of the faee (Figure 20). During postprocessing, the software
takes into account this offset and determines the coordinates of the feature according to the offset

information provided by the useFrimble Navigation Limited, 2009)
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Figure 20- Images of offset use in the field, with (A) bearing measurement and (B) distance
measurement

North

Figure 21- Demonstration of distance and bearing data collection for simple offsets using a
DGPS unit
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Data were collected using a predefined data dictionaryatte type, bone sidaspect,

collection time, and notggigure22). These attributes were later exported into ArcGIS with the

point data for analysis andap creation

i -
& TerraSync |il_‘éj © TerralSync E‘_lé]
pata_ || I M I
Collect |v Options v| Close Collect |v Options v| Log >
File:  DDTest021411A 1 Bone H ok | Cancel
e x Eone type: Cranium b
Bone Evidence Side: Right -
Completeness: Whole =
w o Aspect: Proximal -
Point_generic Line_generic Collection interval: S0s -
Motes:
- |
Area_generic Environment:

Figure 22- Screenshot of point collection witlata dictionary in DGPS unih Terrasync

Data Processing

After point data were collected in the field, unprocessed data were transferred to a
desktop computer using ActiveSync. This data was then imported into Pethiffite for
differential posprocessingKigure23). Posprocessing capabilities refers to the ability of the
GPS receiver to store GPS system data in a format that can be asetptde differential
corrections of the location data using corrections recorded at a reference receiver to improve

locational accuracyBolstad, 200h Uncorrected dataverecollected in the field and then
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differentially postprocessed against the closest public basestation in Deland, Florida (CORS96),

approximately 51 miles from the mapped area (integrity index = 94.14), using Pathfinder Office.
The integrity index is a graag system by Trimble that monitors basestations used for

differential processing and rates a basestation on its reliability, accuracy, and precision (Trimble

Navigation Limited, 2004). Additionally, the integrity index value for a basestation is adjusted

in consideration of the proximity of the basestation to where the data was collected by the rover

unit. Trimble recommends postprocessing against a basestation with an integrity index of 80 or

higher and that is within 200 kilometers of the site (Trinlésvigation Limited, 2009). It is

important for the basestation to be in close proximity (a maximum of 200 km) of the roving

receiver, as this will allow the receiver and basestation to collect data from the same satellite

constellation and produce lessor during differential poptocessingBolstad, 200k

Processed data were then exported into ArcGIS for analysis in ArcMapGIS software used

for this research wagersion 10 of ESRI ArcGl&nd included the use of ArcCatalog and

ArcMap.
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|E GI:S Pathfinder Office - [Map] _ v
& Fle Edit View Data Utilities Options Window Help
= | BB 2 % 8 | [Accuracy_data ~|| @ 12368
& | | 45 Differential Correction Wizard = = S TE— 52
2
- Base Data
)
= (% Base Provider Search Provider [z e Distance |_Integrity Index | =
‘CORS‘ DELAND (DLND), FLORIDA Select... . CORS, DELAND {DLND), FLORIDA = Skm 947 [
Enl € Folder Search 2 CORS, ORMOND BEACH (ORMD), FLORIDA I7km 92.61
& T R CORS, LEESBURG (LEES), FLORIDA S5Lkm 94.02
‘ S o - = A CORS, TITUSVILLE (COKO), FLORIDA 7a km ?
H " Browse B, CORSs, PLATAKA (PLTK), FLORIDA 78 km 93.60
. CORS, CAPE CANAVERAL 5 {(Ccvs), FLORIDA = 100 km 93.4%
2, CORS, CAPE CANAVERAL & (CCVS), FLORIDA = 100 km 93.47 .
Reference Postion Show Base Providers of Type: |AII types ﬂ Update List
(" Use reference postion fram base fies i
% Use reference postion from bass provider New.. | | | ‘
CORS, DELAND (DLND), FLORIDA Select...
I™ Corfim base data and postion before processing _nee | _caad |
< Back Mext > Cancel Help

Figure 23- Screenshot of differential postprocessing with basestation sel@tthmeCatalog

A geodatabase was created for each scenario to organize the colleci{@&igdat24).
This was accomplished by creating shapefiles from the exported data and grouping these
shapefiles into feature datasets. A shapefile is a filetype used in GIS that iscgological
digital storage format used to store the geometric location of features on a map and includes
collected attribute informatio(Bolstad 2005Conolly and Lake, 2006)Additionally, the
filetype allows the easy projection change from one coordinate systemtteawithout losing
substantial positional informatigBolstad, 200k For comparison purposes, coordinate data of
the survey markers were also imported into the geodatabase as a shapefNéiarsisnft Excel

and the XY data tool in ArcGIS.
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File Edit View Go Geoprocessing Customize Windows Help

SET: BQEEED P, :
Location: Q:\THESIS\Scenario 1.gdb v
v BB
Catalog Tree & X | Contents | Preview | Description |
= |3 Scenario 1.gdb
=] Eﬂ ScenariolA b Type
) A ccve PP Scenariol A File Geodatabase Feature Dataset
[%3) A_ccv6_100 fiScenariolB File Geodatabase Feature Dataset
(53 Accve50
() A_DLND
(:J A_DLND_100

(%) A_DLND_50
(E) A_DLND_Buffer 1005
(B A_DLND_Buffer_50s
A_DLND_Buffer_S0ss
(ED) A_DLND_Buffer_50sss
(=) A_LEES
[ A_LEES_100
(%) A_LEES 50
(3 AMULTI
(%3 A_MULTI_100
[= A_MULTL50
= P ScenariolB

[:J B_DLND
[*J) B_DLND_100
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[*3) B_DLND_50
(B b_dind_50_buffer

& L3 Scenario 2.9db

& L3 Scenario 3.gdb

m

menie A et
CR | 1 | »

Figure 24- Screenshot ahegeodatabasereatedfor thescenarios

These methods wesmployedfor all of the scenarios on different dayBhe scenarios

were then analyzed to determitne practicality of utilizing a DGPS unih mapping skeletal

dispersals.
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GPS Pathfinder Office

File Edit View Data Utilities Options Window Help

= oy 3 | B +7 3 & || Distance_data - 165 GB
= ;
@ % M k Differential Correction Wizard | = & | l_
- 1 1
Select Base Provider 2 |

ee“ — — ol
= Provider | L2 | G | Distance | Integrity Index | -
rﬂ X, comrs, TITUSVILLE (COKO), FLORIDA = 40 km ?

) &, CORS, DELAND (DLND), FLORIDA n 51km 94,14
ﬁ F. CORS, CAPE CANAVERAL 6 (CCVE), FLORIDA = 65 km 93.92
P, CORS, CAPE CANAVERAL 5 (CCV5), FLORIDA = 65 km 93.594

X, CORs, LEESBURG (LEES), FLORIDA = 66 km 93.83

IE‘ X, CORs, ORMOND BEACH (ORMD]), FLORIDA = 78 km 92.09
@, R Unavco, Melbourne, FL (sg05)* = 81km ? -

Show Base Providers of Type: ‘AII types ﬂ Update List

Base Provider

| | |

Help 0K | Cancel |

< Back MNext = Cancel | Help |

Figure 25- Screenshot of basestation selection during postprocessiPgthfinder Office

Unlike Scenarios 2 to $cenario Junderweniadditional postprocessing to ascertain the
influence of single and multiple basestations for differential correaiong with different
basestations at multiple distances from the area of data colle&gmmario 1 was processed
using the Deland basttion (DLND),Cape Canaveral basestation (CCV6), and Leesburg
basestation (LEES)@ble12). This scenario was also processed using multiple basestations
(DLND, CCV6, and LEES)Kigure26) and was compared to differential processing of a single

basestation (DLND).
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Table12- Basestations used during postprocessing of Scenario 1 with location, distance, and
integrity index

Basestation Location Distance Integrity Index
DLND Deland, FL 51 80.97
CCV6 Cape Canaveral, FL 65 84.98
LEES Leesburg, FL 66 81.20
Base Provider Group:
|muit1 | New. .. | Delete |
# | Provider | L2 | G | Distance | Integrity Index | L W
1 CORS, DELAND (DLND), FLOR... = 51km 80,97 A ‘1
2 [ CORS, CAPE CANAVERALG(C... = 65km 84.98 ﬁ .3
3 [F, CORs, LEESBURG (LEES), FLO... = 66 km 8120
x
-2
[ 50 100 km
Help oK | Cancel |

Figure 26- Screenshot of postprocessinghwmultiple basestations iRathfinderOffice

Processed dataere therexported into ArcGIS 10 for analysis in ArcMap. The GIS

software used for this researchsversion10 of ESRI ArcGlSand includedhe use of

ArcCatalog and ArcMap.
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GPS Pathfinder Office.
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= dw 302 | Bh 2 3 & [ Distance_data - 165GB
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nput Files
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Cancel
& EATHESISDistance data o T
2 Selected Fies el & Atirbute Value
=1 DISTACCCLUS TER2.cor € Code Value 1 (" Code Value 2 " Code Values 1+2
DISTACCCLUSTER
e Generated Attrbites
e Point Festures
[Reare
[ [Vettical Frecision
Outpust Folder E [ Horizortsl Precision
E-\THESIS\Distance data\Export Browse []Standard Devistion
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Choose an Export Setup [Poirt 1D
[Sample ESAI Shapefile Setup | S
Format ESRI Shapefie e ’a'e::atz“:s
Type of Engort: Features - Posiizns and Attibutes [Length (2D} [1#res (20)
DOutput Optior: Combine and output t Export folder [[Length (30} [l Perimeter (2D)
[ JAverage Vet Precision
GIS Coordinate System:
o [ Aversge Horiz
e
System US State Plane 1993 [ Wors Ve Pre
Zone: Florida E ast 0501 (] Worst Horz. Pre on
Datum: NAD 1983 (Conus) [MLine ID [CTWorst Horiz. Precision -
Cooreinate Uni Meters
New.. Delete Frapertes... oK Cancel Default Help

Figure 27- Screenshot of export from Pathfind@ificeto ArcGIS

Generating MapandIntegrating Accuracy Data

The meanaccuracy of each environment (open area, area underdvee, and area near
a tall structurejletermined in Chapter\®as applied to eacttenario using thiuffer tool in
ArcMap. A buffer shapefile was created using the buffer tooinmuttingthe point shapefile
and sdting the radius td.1.52cm, 42.97cm, and39.20cm for open areas, tregovered areas,
and areas near a tall structfwe 50-second collection timegespectively.A buffer was also
created for points collected using a is¥tond collection time with radii ®53cm, 41.34cm,
and37.30cmfor open areas, tregovered areas, and areas reedall structure, respectivelyi he
radius for the open area was determined asrtban of therrorfrom bothsurvey markers in

open areafor both collection timesBy adding this shapefile, one is able to take into account
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the error of the DGPS fdhe collected points visually for the scenari@$ie individual buffers

for each feature were dissolv@eigure28A)to show the overall error for clusterelements and

to prevent confuen frominterpretingoverlapping buffes such as in Figure 28

Scapula
Os coxa@

vert
C-vert @

Cranium
acru

@Cranium

L-vert

Do

Femur
Fe@ur
Os coxa

Tibia Tipia
® O

@ Bone
120 cm 0 60
42.97 cm buffer

@ Bone
142.97 cm buffer

0 60

120 cm

Figure 28- Imagefrom Scenario 4howing undissolve@) and dissolved (Bjuffers created in

ArcMap

Results

Eachscenariads displayed separately independently illustrate the differences of
dispersatypeand environment with the addition of error buffers. Overalpmfor each

scenario andollectiontime with error buffersare displayed il\ppendix C.
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Scenario 1

Scenario 1 consisted of a wide skeletal dispersal in an open area and was collected using
50-second and 1066econd collection times${gure29). This scenario was also postprocessed
using three different basestations, in addition to being postprocessed agamsgh of three
basestations. Furthermore, the skeletal elementssisdanario were flagged and collected on

two different days using the same data collection methods.

Scenario 1: Wide Scatter in Open Area

100-second collection time 50-second collection time
N ) . ablina N 5 i @)JIna
TibigJibia  Ulna  Qpjumerus T'b'ﬂ'a Ulna * Qjumerus
A Fibula”e™" Humerus A Femur o4’
Scapula .Scapula
T-verts,
ib
T“’etaoRib
. :

M
FengFemur Feml‘Femur
0 15 3m 0 15 3
N N
A L-vertRy T-vert A - i favert
5\ oRIb s L.verleb °
/Os coxa Os coxa
A Cranium 5. coxa Cranium)|
2 ol-veg C-vert JLvert C-vert
Os coxa it i .6.‘ et 2
JRib Cranium S coxa Rib  Cranium|
Mandible Mandible
o o
o Bone ® Bone
0 25 50cm 0 25 50cm
9.55 cm Buffer L | | 11.52 cm Buffer

Figure 29- Map of 1008second and 58econd collection times with accuracy buffers of Scenario
1 using ArcMap
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Point data wereompared in ArcGIS to ascertain orientation and length differences
between postprocessed datgminstdifferent basestatiorsnd postprocessethtaagainst
multiple basestations for both collection timégy(re30). The orientation of the long bones
was generally maintained for all postprocessed data collected usingsadi@time collection,
while the orientation of the long bones using thesBond collection timezas not as consistent
This trend was alsoesnonstrated when considering the actual length of the long bones, with the
data collected using the 1-8@cond collection time collecting a maximum length consistent with
the actual maximum length of the long bonBse basestation with the greatest diseafiom
Scenariol, LEES, produced the most inconsistent orientation and the greatest difference from
the actual maximum length of the long bones. This is to be expected, as an increase of distance
decreases the reliability of a basestatiBaolgtad, 200h All processed point datéowever, fell

within error bufferdor this environmentetermined in the previous chapter.
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Figure 30- Composite imagereated using ArcMapf DLND basestation against CCVA)(
LEES (B), andnultiple basstations (C) with actual orientation of long bones in the field

Point data collected on different days for Scenario 1 were postprocessed against the

DLND basestation and compared in ArcGFglre31). The general orientation of the long

boneswere maintainedwith both collection times for Day 2 but contrasted slightly fritwen
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orientation of the long bones f@ay 1. Also, thet00-second collection time recorded
maximum lengths closer to the acto@ximum lengths of the long bones for both days when
compared to the 56econd collection timeThe datacollected on Day 2ell within the error

buffers determined in tharevious chapter for this environment using both collection times.

100-second collection time 50-second collection time Actual placement/orientation

I )

Femur Femul
Fibul \ =,
% /ﬁgia

0 15 30cm O Day 1 0 15 30cm © Day 1
l ! ] © Day 2 | ! | © Day 2

Figure 31- Map of Scenario 1 for 108econd and 58econd collection time on different days
using ArcMap

Scenario 2

Scenario 2 consisted of a wide skeletal dispersal in ectregred area using &&cond
and 100second collection time®roductivity settings werieicreasedor featuresn locations
that weretoo obstructed fostandarddata collection. Offsets were implemented for skeletal
elementsavhen locational data could not be obtained using the highest productivity setting. This
seenario was differentially corrected against the DLND basestation during postprocessing.
The influence of obstructions dacationaldata isclearlyillustrated in this scenario. The

long bones did not maintain maximum length or orientation between taeedif collection
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times. Figure 33hows the change in orientation of the os coxae andiffeeences in
maximum length of the craniumAdditionally, Figure32illustrates the problematic overlapping

of the error bifers because of the increased error radius calculated for obstructed environments.

Scenario 2: Wide Scatter in Tree-covered Area
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Figure 32- Map of 1008second and 58econd collection times with accuracy buffers of Scenario
2 using ArcMap
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Scenario 3

Scenario 3 consistedf a tight skeletal dispersal in an open area usingeaond ad
100-second collection timesThis scenario was differentially corrected against the DLND
basestation during postprocessirgke the wide scatter in an open area (Scenariméjeased
collection time for point data collected 8tenario 3 maintained the relative orientation and
maximum length of the long boneSigure33). Also, the decreased radius of the error buffer
and dispersalype causedminimal overlapping of the features, resultingamaccurate depiction

of the dispersal.
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Scenario 3: Tight Scatter in Open Area
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Figure 33- Map of 1008second and 58econd collection times with accuracy buffers for cenario
3 using ArcMap

Scenario 4

Scenario 4 consied of a tight skeletal dispersal in a toesered area using &&cond
and 100second collection timesProductivity settings were increased for features in locations
that were too obstructed for standard data collection. Offsets were implemergkeldéval
elements when locational data could not be obtained using the highest productivity setting. This

scenario was differentially corrected against the DLND basestation during postprocessing.
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Scenario 4 produced similar results to Scenario 2, te sgatter in a treeovered area,
with increased collection time for point datet maintaining the maximum length and
orientation of most of the long bones for both collection ti(kégure34). Figure34 alsoshows
a complete change of direction for the orientation of the right oswbich is the os coxa near
the lower part of the imageAlso, the overlap of the clustered features is problematic because of

the increased buffeadius for thigype of dispersal.

Scenario 4: Tight Scatter in Tree-covered Area
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Figure 34- Map of 1008second and 58econd collection times with accuracy buffers of Scenario
4 using ArcMap
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Scenario 5

Scenaridb consisted of aelatively articulated skeletan an openarea using 5@econd
and 106second collection timesThis scenario was differentially corrected against the DLND
basestation during postprocessirgcreased collection time for point data collectethis
scenario shows preservation of the genernahtation and maximum length of the long bones
(Figure35). Some single features, however, did not maintain an exact position but fell within
the error buffer. Furthermore, increased overlapping of the error buffers when compared to the

other scenarios in open areas (Scenarios 1 and 3) was noted fgpelatdispersal.

67



Scenario 5: Relatively Articulated Skeleton in Open Area
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Figure 35- Map of 1008second and 58econd collection times with accuracy buffers for
Scenario Susing ArcMap

Scenario 6

Scenario 6 consisted of a relatively articulated skeleton in actresred area using 50
second and 106econd collection times. Productivity settings were increased for features in

locations that were too obstructed for standard data collection. Offsets were implemented for
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skeletal elements when locational data could not be obtainedthsimgghest productivity
setting. This scenario was differentially corrected against the DLND basestation during
postprocessinginterestingly,increased collection time for point data collecte@agenario 6
maintained the orientation and maximum lengtimost long bone&~igure36), unlike the
previous scenarios in tramvered areas (Scenarios 2 and fihis may have been due to
exceptional satellite geometry obtained during data collection. However, the asaity of

the features and increased buffer radius resultesdassive overlap of the collected features.
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Scenario 6: Relatively Articulated Skeleton in Tree-covered Areg
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Figure 36- Map of 1008second and 58econd collection times with accuracy buffers for cenario
6 using ArcMap

Scenario 7

Scenario 7 consisted of a wide skeletal dispersal area near a tall structuonsing 50
second and 106econd collection timesProductivity settings were increased for features in
locations that were too obstructed for standard data collection. Offsets were implemented for

skeletal elements when locational data could not be obtained using the highest productivity
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setting. This senario was differentially corrected against the DLND basestation during
postprocessing.

Increased collection timie Scenario 7 slightly changed the orientation for most of the
long bones, but maintained the general direction of the elerfRigniré37). Additionally, the
maximum lengths of the long bones were maintained for both collection times in this
environment. However, considerable overlap of error buffers fotyjhesof dispersal was

noted.

Scenario 7: Wide Scatter Near Tall Structure
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Figure 37- Map of100-second and 58econd collection times with accuracy buffers for
Scenario using ArcMap
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Scenario 8

Scenario 8 consisted of a tight skeletal dispersal in an area near a tall structure-using 50
second and 1066econd collectiotimes. Productivity settings were increased for features in
locations that were too obstructed for standard data collection. Offsets were implemented for
skeletal elements when locational data could not be obtained using the highest productivity
setting This scenario was differentially corrected against the DLND basestation during
postprocessing.

Increased collection time folomt data collecteth Scenario 8 demonstrated a
noteworthy difference in the maximum lengths for all long bones collectedsiadénario
(Figure38). The general orientation of the long bones, however, was maintained. This contrasts
to the point data collected in Scenario 7 (wide scatter near a tall structure), where the maximum
length ofthe long bones was maintained and the orientation of the long bones was slightly

effected.
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Scenario 8: Tight Scatter Near Tall Structure
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Figure 38- Map of 100second and 58econd collection times with accuracy buffers for
Scenario 8using ArcMap

Scenario 9

Scenario 9 consisted of a relatively articulated skeleton in an area near a tall structure
using 50second and 108econd collection times. Productivity settings were increased for
features in locations that were too obstructed for standard data colleCiftsets were

implemented for skeletal elements when locational data could not be obtained using the highest
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productivity setting. This scenario was differentially corrected against the DLND basestation
during postprocessing.

Like Scenario 8, the onation of the long bones was not considerably affestidd
increased collection timdéowever, the maximum lengths of the long bones were influenced by
the obstructed environmerftigure39). A difference of maximunfength for a majority of long
bones waslemonstrated. Additionally, considerable overlap of the collected features for this

type of dispersal was noted.

Scenario 9: Relatively Articulated Skeleton Near Tall Structure
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Figure 39- Map of 1008second and 58econd collection times with accuracy buffers for cenario
9 using ArcMap
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Discussion

The mint data collected for the scenarios in open s8aenarios 1, 3 and, 5)
demonstrated a consistenaintenancef long bone orientatioand maximum lengtfirable13).
Furthermore, the overlapping tdaturesn open areawaslimited because of théecreased
radius of the error buffer3his lack of overlap was demonstrated intgtiesof dispersals for
open environments.

Scenarios in obstructed environments, however, did not produce favorablewbsults
compared tgoint data collected iscenariosvith open areaglable13). Preservation of
orientation and maximum length of long bones varied between dispersal and environment. The
point data collected ithearea near a tall stcture consistently maintained the general
orientation of the long bones bdid not maintainthe maximum lengtbf the long bones
Additionally, the increased radius of the error buffers for both obstructed environments resulted

in considerable overlapf clustered features.
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Table13- Summary of result®r maximum long bone length, long bone orientation, and buffer
overlap of Scenarios-2

Scenario Scenario type Maximumlong Long bone Buffer overlap
# bone length orientation
1 Open wide scatter Maintained Maintained Minimal
overlap

5 Treecovered wide Not maintained  Not maintained Overlap
scatter

3 Open tight scatter Maintained Maintained Minimal

overlap

4 Treecovered tight Not maintained  Not maintained Overlap
scatter

5 Open relatively Maintained Maintained Minimal
articulated skeleton overlap
Treecovered Maintained Maintained Excessive

6 relatively overlap
articulated skeleton

- Wide scatter near 8 Generally Maintained Overlap
structure maintained

8 Tight scatter near a Generally Not maintained Overlap
structure maintained
Relatively Not maintained  Generally Excessive

9 articulated skeleton maintained Overlap

near a structure

Furthermore, the implementation of decreased producteityngs was necessary in
order to gain good satellite geometry for data collection. This resuleedanerelyncreased
data collection timén the field as it is necessary to increase the productivity and wait for
satellite location to be gained. gbod satellite geometry is not obtained with the first level
increase of productivity, the productivity mustibereasedigain and the user must wait for the
satellite location to be gained. This step is repeated until good satellite geometry caairasl obt
for sufficient locational data to be collected. If the feature was heavily obstructed and good

satellite geometry could not be obtaindte use of an offset was implemented. Offsets greatly
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increased data collection time, as two measurementbgtreng angle and distance
measurement, must be collected in addition to moving the DGPS unit to an open area where
location informatiorcanbe collected. However, if several elements are located in a heavily
obstructed area, the DGPS may remain statjowdile the bearing angle and distance

measurement is collected for each feature.

Conclusios

Mapping dispersed remains and associated evidence in the field can be challenging
because olbngdistances and varied environments in which human remains are fobed.
purpose of this research wasdetermine if a DGPS unit was a reliabletion for mapping
skeletal dispersaldt is concluded that mighrice DGPS unitare a viable option for majng
skeletal dispersals in open environmersenarios mapped in open environments produced
consistent results for @ypesof skeletal dispersals and maintained the orientation and maximum
length of long bones. Also, the decreased error determinettfr® previous chapter did not
result in significant overlap of clustered elements.

Conversely, this research also demonstrated that DGPSJoniist provide the accuracy
and consistency necessary to properly map skeletal dispersals in obstructathewisoT he
orientation andnaximumlengths of the skeletal elements were constantly inaccur dtese
environmentsdemonstrating that error introduced from obstructgmeerelyaffected collection
of location data. Also, the error determined in tipeevious chapter resulted in constant overlap

of proximate skeletal elements. Thus, the collection of locational informatiatatums at
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obstructed sites may be utilized to tie in positional information of the entire site but should not be
used to sepately map skeletal elements.

This is the first research developiagnethodology for determining the accuracy of a
DGPS unit in different environments using survey maleerd applying the calculated accuracy
to simulated scenarios differentenvironmets. Further research, however, is necessary to
ascertain the applicability of DGPS units in mapping skeletal dispefgalst importantly, i is
necessary for additional DGPS units to be tested and compared to the Trimble GeoExplorer 2008
Seriesreceive. Also, the accuracy of DGPS units in additional obstructed environmemnts (
areas near mountains) and mixed environments showdtbemined Further, eattime

differential postprocessing should also be considered in future research
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CHAPTER FOUR: INTEGRATING DGPS DATA INTO A GIS

Introduction

GIS systemsre equipped with an abundandeawls thatarevaluable inanalyzingand
mapping DGPS dataHowever, the literature is limited concerning how DGPS data fased
mapping skeletalispersals can benalyzedn a GIS. Listi et al. (2007) mentions the benefits of
usinga GIS for analyzing and mapping skeletal dispersals but doesxptatinhow data may be
integrated into a GIS or what tools may be beneficial in analysis and mdppiran remains.
Manheinet al. (2006)utilized a GISon a largetscale and conductegpatial analysis of several
dumpsites; however, this studged a single coordinate for an entire site @ddot consider
spatial analysis of the elements within a sitevdsnot until Spradley et & study(2011)
concerning spatial patterning of vulture scavenging, that DGPS data from a single skeletal
dispersal was analyzed and mapped in a GIS.

This chaoter will discuss lhe benefitof integratingDGPSdata into a GIS for analysis
and generating maps. Additionally, tieisapter will summarize the findings of the research
conductedand discuss the desirable conditions in which a DGPS unit may be uitilinggpping
skeletal dispersals. Most importantly, guidelia@sl besf-use practices wheemployinga

DGPS unit in mapping skeletal dispersals will be provided

79



Geographical Information Systems

In order to understand how the integration of DGR dhto a GIS can be useful in
mapping humamnemains, its important to first understand the mechanics of GAS5IS is best
described as a set of tools used for analyzing spatia(Mafon and Greathouse, 2009) is
software that has the capability to display spatially referenced data, analyze data in a spatial
geodatabase, and generate maps. Most importari@ls allows spatial information to be
converted into useful data, stored, analyzed, and thptagex(Clarke, 1995; Napton and
Greathouse, 2009)

GIS software stores attribute data in a database and then references this data to
geographical data that has been collected or is readiilableain the softwar¢ESRI, 1990)

GIS software may then be used to manipulate and analyze thendaddition to generating
maps for presentation. GIS was developed primarily from computer mapping systems and
remote sensing technology in the 1990606s.

geographic and archaeological d@tpton and Greathouse, 2009)

Analysis of DGPS data in GIS

Primarily, the use o0& GIS in archaeology has been to demonstrate the relation of past
social systems in relation to their environment in addition to quantitsiterdocation analysis
(Conolly and Lake, 2006)As mentioned earlieresearch concerning the usead|S in smaller
scenes, such as skeletal dispersals, however, has only been considered by a single study.

Spradley et al. (2011) utilizddGPS data ira GIS to analyze the spatial distribution of skeletal
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elements from vulture scavenging in a controlled study, but did not develop a methodology
concerning the utility of the DGPS unit in mappinghough several toolsere used to analyze
DGPS data in GIShe study focused on dispersal patterns, rather than the data collection and
accuracy of the DGPS.

However the preliminary research conducted3yradleyet al.(2011)for spatial
analysisof a dispersal using GIS demonstrates that GIS analysseca@nas deneficial tool in
analyzing a sceneThis studyshows thatlescriptive sptial analytical and spatial statistics
measures can be utilizedgsammarizespecial patterns ithe displacement of remains.
Furthermore, the calculation of a Mean Cendgopint that identifies the geographic center of a
set of locations, of the remains can be determined using GIS software to tragéscimatime
distribution of a certain feature. Additionally, tegtensiorand direction oscatteredemains
can be angked using Directional Distribution, which measures the directional trend of a set of
features andStandard Distance, which measures the degree of dispersion of features around the
determined Mean Center.

ThoughSpradley et al. (2011) utilizezsbphisti@atedspatialanalyses irtheir study,
simplertoolsavailable in a GIS can hesedas well For example, the easuring tool measwse
the distance between points for analybigure40). Area may also be measured by drawing a
polygon with the cuie and enre features may be measured by selecting the feathieh is
particularly useful in a courtroom setting if the witness is asked for a measurement between

features teshowcontext ofa scene.
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Figure 40- Screenshot of measuring tool in ArcMapm Scenario 1

The buffer tool is convenienthen the user is looking to illustrate the possible error of
the DGPS unit, demonstrated in Chaptefl3is tool creates buffer polygons around input
features to a specified distance. Also, an optional dissolve can be performed to combine
overlapping featres. In addition to illustrating error of a unit, this tool can be used to shew
diameter for a group of clustered skeletal elements

As mentioned previously this chapterpreliminary research has been conducted
concerningspatial analysis at bodmdl-scale and largscale levels. There exists an abundance
of spatial analysis tools available in GIS that have yet to be explored. For ex@tapter and
Outlier Analysis or Hot Spot Analys{§igure41), identifies statistically significant hot spot
cold spots, and spatial outlieaadhas the potential to be beneficial in dispersals with more than
a single individual to aid in the determiiwat of primary deposition locatiodditionally, the
use of Spatial Autocorrelatiqifrigure41l), which measures autocorrelation based on feature
locations and attribute valuespuld be beneficial in assessing the dispersal patterns of bone type

at a scen¢o better understand the distribution of the elements since deposition
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Figure 41- Screenshots afata input forHot Spot Analysis and Spatial Autocorrelation tools in

ArcGIS

Creating MapdJsing DGPS data in GIS

In addition to analysis in a GIS, an advantage of integrating DGPS data in a GIS is to

create detailed maps of a scene. GIS has several features thatutiiydukto clearly illustrate

the scene as it was in the field and highlight aspects of the scene that were not recognized in the

field. One example is theneclick addition of a basemagvailable in ESRI ArcMap version 10

which allows the useto addan aerial image to the DGPS dafehe addition of a bas®ap

brings context to the scene by adding strde¢es and other landmarkBasemapsadda

broader perspective of the scdaewide scattersshowing possibleispersal patterns in

accordance wh surroundindeatures such as changes in vegetatiorstweets Aerialimages

also are appealing in a corrom setting when it is necessary for jurors to understanovirall

location of a scene
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Several types of basemagen be added to georeferenced dat&rcMaps version 10
such as aerial imagery, road and street maps, topographic maps, and terrafignepsd).
However, the resolution of the aerial imagery is limited isntbt appropriatéor all dispersal
scenarios. When considering the data collected for this reseacbarretain contextual
information in an aerial photo with wide scattefst least 8 meters when compared to tight
scattersfigure43). Furthermoreaerial basemaps can be useful in all outd@watironments
such as treeovered and urban aredsgure44). The spatial relationship of skeletal elements to
manmade features, such as buildings or sidewalig natural features, such as trees, can be
easily illustrated. Additionally, basemaps with roads can be used for dispersals in urban areas to
add contextual informatioriF{gure45). Most importantly, basemaps dreneficial in illustrating
the location of an entire scene for any level of skeletal dispeidahny type of environment

using a variety of basemaps
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Figure 42- Screenshot dfasemap feature in ArcMap

Wide Scatter

Tight Scatter

Figure 43- Composite image from ArcMap of aerial basemaps of a simulated wide scatter (left)

and a simulated tight scatter (right).
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Tree-Covered Area Urban Area

Figure 44- Composite imag from ArcMap of aerial basemaps of simulated skeletal dispersals in
a treecovered area (left) and an urban area (right)
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Figure 45- Composite image from ArcMap of a roads basemap of a skeletal dispersal in an
urban area, both zoomemiit (left) and zoomedah (right)
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In addition to adding a basemap layer to DGPS data, elements can be easily labeled or
highlighted by using drawing tooldJsers cafabelelementsn a variety of ways using various
colors to highlightcertain featuresData may be grouped according ttribute data collected in
the field such has bone type, completeness, or sidgends can then be generated by GIS for
maps. Shapes can also be adde@aphasize featuregroup features togethesr connect
features via linesText can be added bgbeling points with attribute data or can be added to a
map manually. Additionallyhe callout tootanbe used to add information to a location or
label afeature Figure46). The bookmark tootan saveéhe parameter$or an area of interest.

This is useful for presentation purposes when the user wishes to zoom in or out of a known area

on queue without makingultiple mapqFigure47).

Cranium -
Cranium was found with

possible perimortem trauma

Cvert
[+ .
Cranium

Rib

Figure 46- Screenshot of callout tool in ArcMd&mm Scenario 1
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Entire area
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!

Cranium

|

Cranium

[

Remove All

E

|

Load...

]

Save -

Mandible
L=

Close

E

Figure 47- Screenshot of bookmark tool in ArcMiapm Scenario 1

Attribute information collected in the fielthn serve as a preliminary skeletal inventory
or valuable crosseference for a skeletal inventorfzurthermore, tribute daa of separate
features can be grouped according to bone type, allowing the user to visually catalog the remains
that were collected in the fieldAlso, the time at which positional data is collected in the field is
automaticallyrecorded and exported asrdoute information for each featuwveéhich can aid in
maintaining the chain of custody duringthis may also be implementéat associated evidence
at the scene.

Finally, one of the most beneficial reasons for using a Gifgteratenaps of scenes
that througloutthe mapmaking process, geospatial information is retained. Georeferenced data
will not change from zooming in and out or by adding additional layers for comparison purposes.
All of thefeaturesshapesand layersadded to the map will stay to scale and all geospatial will

be maintained.
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Guidelines for Data Collection of DGPS data

Before data collection can occutrmust be determineid mapping using a DGPS unit is
appropriate for the scene in question. Thsearch determined that a Audce DGPS unit is
not a viable tool in mapping skeletal dispersals in obstructed environments. However, a DGPS
unit may be utilized to map skeletal dispersals in open environments when certain practices are
implemented fodata collection and postprocessing. The use of traditional mapping methods
such as a compass survey or baseline may introduce additional error from long distances and
obstructions for widely dispersed remafhssti et al., 2007. Furthermore, a totataion may
not be a viable mapping method in these situations because of the obstruction of theitine of
over long distances whialesults in the relocation of theansit pointto gain an accuratgght
line from thetotal station unito the stadigoint (Listi et al., 2007; Napton and Greathouse,
2009 Dupras et al., 2031 It is in scenarios such as these that a DGPS unit may be a better
option because of its portability and ease ofinseide skeletal dispersals addition to the
geospatial idrmation that can be provided from using a DGP®wever for situations with a
relatively articulated skeletoor skeletal elements in close proximisyDGPS unit may not be
the best mapping optiorMoreover, if the remains are located inabstructecenvironmentan
errorrange ofapproximately40 cm is noappropriateavhen amore accuratenethod such as a
baselinemay be employed.

Before a DGPS unit is used for mapping purposes, the accuracy of the unit must be
determined bgomparing coordinate information to a known survey marker. This may be
accomplished by following the practices provided inMaerials and Methodsection of

Chapter 2. Data concerning survey markers may be obtained from the Department of
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Transportation in the userods area. I f the
accuracy range desired by the user, the DGPS unit may be employedan eimmironmental
scenariosi(e. open area error applied to dispersals in open areas).

Furthermore, dveloping a consistent methodology for data collection is crucial for
mapping any scene. By following predetermined procedures, there is less ota ahan
introducing additional errasr notincluding important information. Before data collection,
determine how the point data will be collecfedeach skeletal element. For example, all long
bones may be measured using proximal and distal ends, skbifebones, such as vertebrae,
will be measured at predetermined aspects, such as the anterior of thé-batgrmore, a
rangepole should be used to better pinpoint the exact location of the element that the user is
measuring. The addition of a tripdo the rangepole is recommended to keep the DGPS unit
straight and level during location acquisitioRer Chapter 2t is recommended that bones
longer than 25 cm would be mapped using two points to illustrate orientation, while bones less
than 25 cnshould be mapped using a single poiAtditionally, it is recommended that
clustered elements less than@b apart should be measured as a single element, while clustered
elementgroupedarther than 25 cm apart should be measured as sefeatatees
Furthermore, when collecting point data for more than one feabfwemnationconcerning the
type ordescriptionof skeletal element should be recorded during data colleciiona full list
of points used to collect points of skeletal elementhimresearch,eeTablell.

After determining howpoint datawill be collectedfor eachtype of boneadata

dictionaryshould be createt includeany additional attribute informationt is recommended
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that the following information bancluded inorder toensure @omplete inventory of the skeletal
elements and characteristics:

Bone type i¢e. cranium, mandible, etc.)
Side

Completenesds.e. compkte, 75%, etc.)
Aspect {.e. proximal, distal, etg
Collection time

Environment type

Date collected

Time collected

Notes

= =2 4 -4 -5_9_9_9_-2

It is possible tassigndefault selectionto a field within the data dictionarguch as type
of environmentto save timaluringdata collection Also, time of data collection and date of
data collection can be generated by the software instead of being entered mamatier
advantage ofisinga data dictionary is that the software will not allow the user to save a feature
unless all of the required information is entered, ensuring that crucial information is not missed
in the field. Additionally, byincludinga field for notesn the data dictionarythe user is free to
include any additional information concerning the featwimally, it is recommended th#ie
data dictionary be as generic as possible, so that it may be applied to several types of scenes
without having to create a new data dictionaagh time a scene is mapped

An important part of successful data collentis good satellite geometry, which is the
desired number and position of satellites for optimal accuracy during data coll@&zletad,
2005. To achieve good satellite geometry, it is recommended that the user cosatelite
almanaca determire the best time of day for data collectioFhus, pior to the day of data
collection, the best time for data collecticembe determined by consulting preplanning

software. Planninglmanac softwarés free,available through Trimbler other major DGB
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retailers,and isobtainableup to a year in advance. This software provides information including
the satellite position data, DOP data, and elevation data on specificldsysecommended that
data collection be determinég considering the greadt number of satellites, with at least 4
satellites being the most desirable, and the least PDOP value, with values less than 2 being the
most desirable (Johnson and Barton, 2004jne windows fitting these characteristics should be
at least 3 hours l@nto allow for any unforeseen circumstancégreplanning is not possible, it
is recommended that the PDOP value and number of satellites be recorded if poor satellite
geometry were to occur, as this may explain an increased error of point data.

After a data collection method has been established and once the bestdayéootlata
collection has been determined, point data may be collected in thelfildecommended that
all predetermined methods be executed consistently throughoudttheallection process. First,
skeletal elements and evidence should be flagged, so that features are not missed. It is also
recommended that the DGPS unit be oriented vertically, sotés degrade satellite reception
(Sando et al., 2005)f possible one user should conduct the entire survey, so that possible
from differences irdata collection methods it introduced and features are not skipped.

The collection time for point data should be determined in consideration of the number of
elenents to be mapped and the amount of time available in the fieldcollaetiontime should
be as long as possible, as increased collection time adds point data that will be deethged
final coordinate. It is recommended that at least asEa@ndcollection time be implemented
as this collection time was found to be more accurate tharsacahd collection time; however,

if time is a factor a 5@econd collection time was found to provide sufficient accuracy in open
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areas. Once the collectiomi is determined, this collection time should be utilized for all point
dat

After positional data has been collected for the objects of interest, collected features
should be crosshecked with the flagged skeletal elements and evidence. This may be
acomplished by looking at the list of features collected or with a map of the area datdhe
view screen. The user may also collect features such as trail entrances, datums, and buildings to
give context to the site. This may be accomplished by creatiegfdr roadsor polygonsfor
buildingsusing the DGPS unit or simply with point data.

Onceall data has been collected, it is necessary to transfer the data to a computer where
the data will be differentially corrected against a nearby basestatioer. thdt data is
transferred, the data must be imported into differential correction software such as Pathfinder
Office. Generally, there is a short amount of lag time (approximately 1 to 2 hours) in receiving
basestation dat&Vhen choosing a basestatiandifferentially correct the DGPS data against, it
is crucial to choosthe basestation that is within the closest proximity to the scene at thikich
data was collectedTrimble recommends postprocessing against a basestation with an integrity
index of80 or higher and that is within 200 kilometers of the Siténfble Navigation Limited,
2009. Once the data has been successfully corrected, data must then be exported as a shapefile

for analysis ilm GIS. Figure ® shows a flowchart of the guidelinpsovidedin this chapter.
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Determine if DGPS will be
used to map the scene

A 4

Determine accuracy of
DGPS unit

v

Develop consistent data
collection methodology How will data for different bone types be collected?

What points will be collected on the bones?

What equipment will be used?

v
Create a data dictionary

v

Consult preplanning software to 4 satellites or greater
determine best time of day for data
collection PDOP value of 2 or less
) 2 Determine a collection time for all features |
Flag potential features Data should be collected by one user |

Orient the DGPS unit vertically |

A 4

Collect positional data

A 4

Check data to ensure all features
have been collected

v

Transfer DGPS data to a
computer

!

Differential correct data against
a nearby basestation

!

Export data into a GIS for
analysis and mapping

Figure 48 Flow chartof guidelines for collecting and processing DGPS dataskeletal
dispersals
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Conclusion

This chapter explored tharious options that are available by integrating DGPS data
from a scenénto a GIS. Several tools may be employed to investidetspatial distribution of
remains and analyze scatter paiseof askeletaldispersg however, an abundanoé tools
available in GIS analysisave not yet beemsedto assess theirsefulnesgor a scene with
humanremains Thus, ftirther researctvith these toolss necessary to determinteeir
applicability and practicality for analyzing skeletal dispersals

In addition to spatial analysis of DGPS data in a GIS, this chapisidered the
advantages of using a GIS for generating maps of a skeletal disgeesatal tools such as the
addition of a basemap, shapes, text, and colors can be utdi#ledtrate the scene as it was in
the field. Furthermore, these tools mayubedto highlight certain aspects osaattemwhile
preservinggeospatial information for the features collected at the site.

Finally, detailedguidelines concerning the use of a DGPS umihappingskeletal
dispersalsvereprovided. Because of decreasaaturacy from obstructions, scenes in open
environmentshould only be used for mapping. It was found in Chapter 3¢kates with
obstructions such as trees or tall buildings significaatfigctedthe accuracy of the DGPS unit.
With theconsideratiorio the environment in which DGPS data will be collecteduse of
guidelinesprovided in this chapter can provide an accurate depiction of dispersed human
remains and associated evidence, wiméntaininggeospatial information and attribute dafa
the features collected

This research has served as the first thorough investigation utilizing a DGRBAIGEHS

in mapping scattered human remains. As mentioned previoassanch concerning the use of
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DGPS equipment and GIS software in scene mapping and analysis is liAdeitional
research must be conducted to assess the practicality and applicability of these utilities for
mapping skeletal dispersalfurther research using additional DGPS umitsther environments
is needed to assess the practicality of this utility in additional scen&iuothermoreadditional
research concerning thaegrationof DGPS data into a GIS must be conducteeolore
additional tools that may be valuable lretanalysis o$cenesvith scattered remains fdoth

smaltscale and largscale situations.
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APPENDIX A: SURVEY MARKER S
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FDOT D5 PID PNC STATION REPORT Thursday, January 11, 2007 2:34:58 P
50501004 FDOT D5 LOCATION SURVEY
PNC WORK GROUP

DATA PROVIDED IS FOR INFORMATIONAL PURPOSES ONLY. DATA IS SUBJECT TO CHANGE AND REVISION WITHOUT NOTICE
TO THE USER. USER ASSUMES ALL RISK AND LIABILITY FROM DATA USAGE UNLESS AUTHORIZED OTHERWISE BY FDOT.

DUE TO THE USE OF AUTOMATED IMPORTATION PROCESSES INTO THE PNC DATABASE THE PUBLISHED VALUES AS DEPICTED IN
THIS REPORT MAY BE EXPRESSED AT A HIGHER PRECISION THAN ACTUALLY DETERMINED. PLEASE REFER TO THE POSITIONAL
QUALITY STATEMENT FOR EACH PUBLISHED COMPONENT TO DETERMINE APPROPRIATE USAGE PRECISIONS.

HECTOR_NAME I90501004 EFB_NAME IN/A 3WIRE_NAME IN/A
GOT_VECTOR [y GOT_LEVEL ]

DESTROYED STATION
PRECISE LATITUDE / LONGITUDE U APPROXIMATE LATITUDE / LONGITUDE
ELE STATION 7]

LATITUDE |29 IOl |40. 67301 LATITUDE IN A 'N A IN A
REVIEWED ¥ { 3
LONGITUDE |81 |18 |26 .67263 LOST STATION ] LONGITUDE IN/A IN/A IN/A

NOT CONNECTED ]
LATITUDE / LONGITUDE POSITIONAL QUALITY LATITUDE / LONGITUDE REFERENCE DATUM
PPHNC BY GPS NETWORK OBSERVATIONS NAD 83 (1990)

LATITUDE / LONGITUDE
PUBLICATION SOURCE

PPHNC 90501. 90501 RPT12.TXT, DATED 2006.11.28.

ELLIPSOID HEIGHT IN US 8VY FEET ELLIPSOID HEIGHT IN METERS ELLIPSOID HEIGHT REFERENCE DATUM
-53.4874 l—16.3030 INAD 83

ELLIPSOID HEIGHT POSITIONAL QUALITY IPPHNC BY GPS NETWORK OBSERVATIONS

ELLIPSOID HEIGHT [PPHNC 90501. 90501 RPT12.TXT, DATED 2006.11.28.

PUBLICATION

SOURCE

SPC - NORTHING US SVY FEET SPC - NORTHING METERS STATE PLANE PROJECTION SCALE FACTOR
|1706585.6213 |520168.3377 I.99995224

SPC - EASTING US SVY FEET SPC - EASTING METERS STATE PLANE ZONE

|557925.8759 |170056.l471 IFLORIDA EAST

STATE PLANE COORDINATE POSITIONAL QUALITY |PPHNC BY GPS NETWORK OBSERVATIONS

STATE PLANE |PPHNC 90501. 90501 RPT12.TXT, DATED 2006.11.28.
PUBLICATION
SOURCE

DIFFERENTIALLY LEVELED DL ORTHOMETRIC HEIGHT IN US SVY FEET DL ORTHOMETRIC HEIGHT IN METERS
ORTHOMETRIC HEIGHT

IN/A |N/A ORTHOMETRIC HEIGHT DATUM
GPS DERIVED GPS ORTHO HEIGHT IN US SVY FEET GPS ORTHO HEIGHT IN METERS  [VAVD 88
ORTHOMETRIC HEIGHT

[38.1298 |11.6220

ORTHOMETRIC HEIGHT IAPPROXIMATE BY GPS NETWORK OBSERVATIONS
POSITIONAL QUALITY

ORTHOMETRIC HEIGHT [|PPHNC 90501. 90501 RPT12.TXT, DATED 2006.11.28.
PUBLICATION SOURCE

ELEVATION ELEVATION IN US SVY FEET ELEVATION IN METERS ELEVATION DATUM
N/A N/A N/A

ELEVATION N/A
POSITIONAL QUALITY

ELEVATION
PUBLICATION SOURCE

N/A
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FDOT D5 PID PNC STATION REPORT Thursday, January 11, 2007 2:34:58 P
50501004 FDOT D5 LOCATION SURVEY
PNC WORK GROUP

DATA PROVIDED IS FOR INFORMATIONAL PURPOSES ONLY. DATA IS SUBJECT TO CHANGE AND REVISION WITHOUT NOTICE
TO THE USER. USER ASSUMES ALL RISK AND LIABILITY FROM DATA USAGE UNLESS AUTHORIZED OTHERWISE BY FDOT.

DUE TO THE USE OF AUTOMATED IMPORTATION PROCESSES INTO THE PNC DATABASE THE PUBLISHED VALUES AS DEPICTED IN
THIS REPORT MAY BE EXPRESSED AT A HIGHER PRECISION THAN ACTUALLY DETERMINED. PLEASE REFER TO THE POSITIONAL
QUALITY STATEMENT FOR EACH PUBLISHED COMPONENT TO DETERMINE APPROPRIATE USAGE PRECISIONS.

GPS OBSERVATION POTENTIAL IGOOD

STATION VISITATION SAFETY CONSIDERATION

NO OBSERVED EXTRAORDINARY SAFETY CONSIDERATIONS REPORTED FOR THIS STATION SITE.

DESCRIPTION OF STATION MONUMENT - DISK / CAP AND STAMPINGS

MONUMENT CONSTRUCTION: CONCRETE SIDEWALK

MONUMENT CONDITION: GOOD

DISK/CAP LOCATION ON MONUMENT: FLUSH ON TOP

DISK/CAP SETTING: DRILL HOLE AND EPOXY

DISK/CAP CONSTRUCTION: MAG NAIL AND 1.5" STEEL WASHER
DISK/CAP OCCUPATION POINT: DIMPLE IN CENTER OF NAIL HEAD
DISK/CAP CASTING STAMP: [MAG]

DISK/CAP HAND STAMPING: [D5PNC] [90501004]

DISK/CAP CONDITION: GOOD

DISK/CAP STABILITY: GOOD

STATION SITE "TO REACH" DESCRIPTION

PPHCN 950501 950501004 FIELD STATION REPORT, DATED 2005.12.21. (ALL DISTANCES ARE APPROXIMATE)

AT THE INTERSECTION OF S.R. 44 (NEW YORK AVE.) AND S.R. 15A (SPRING GARDEN AVE.), PROCEED EASTERLY
ALONG S.R. 44 (NEW YORK AVE.) FOR 1.0 MILES TO THE STATION ON THE RIGHT. STATION IS AT THE INTERSECTION
OF S.R.44 (NEW YORK AVE.) AND CLARA AVE. STATION IS IN THE SOUTHEAST QUADRANT OF THE INTERSECTION IN A
CONCRETE SIDEWALK.

REFERENCE OBJECTS: PPHCN 90501 90501004 FIELD STATION REPORT, DATED 2005.12.21.
S 81 W 11.8 FT. MAST ARM STEEL COLUMN

S 82 E 23.6 FT. POWER POLE, WOOD, NO # ,MAG NAIL AND [FDOT REF.] DISK

S 10 W 75.5 FT. NW-CORNER OF POST OFFICE BLDG.

N 00 E 8.2 FT. BACK OF CONCRETE CURB

SURVEY BASELINE STATION PLUS SURVEY BASELINE STATION OFFSET US SVY FT METERS

N/A IN/A O ]

SOR BASELINE DESCRIPTION PUBLICATION SOURCE

N/A

STATION HISTORY ASSOCIATED MEDIA FILES |AVAILABLE ON CD.

2006.10.25 BY J. HAWKINS OF FDOT D5 STAFF, REPORTING ON PPHCN 90501, F.P. NO.404646l.
STATION MONUMENTED: YES. DECEMBER 2005. (FDOT)

STATION OCCUPIED : YES.

NETWORK NAME : 90501 90501004

STATION ALIAS: N/A

EFB NAME: N/A

LATITUDE : ESTABLISHED. PPHNC. GPS OBSERVATION. NAD 83 (1990).
LONGITUDE: ESTABLISHED. PPHNC. GPS OBSERVATION. NAD 83 (1990).
ELLIPSOID HEIGHT: ESTABLISHED. PPHNC. GPS OBSERVATION. NAD 83.
GPS NGVD 29 ELEVATION: NOT ESTABLISHED.

GPS NAVD 88 ORTHOMETRIC HEIGHT: ESTABLISHED. PPHNC.

LEVELED NGVD 29 ELEVATION: NOT ESTABLISHED.

LEVELED NGVD 88 ORTOMETRIC HEIGHT: NOT ESTABLISHED.

NOTE: STATION PHOTOGRAPHY TAKEN

NOTE: "“XY" ESTABLISHED LATITUDE/LONGITUDE IN NETWORK.

NOTE: "H" ESTABLISHED ELLIPSOID HEIGHT IN NETWORK. 90501 RPTO3.TXT, DATED 2006.11.28.
NOTE: "h" ESTABLISHED GPS NAVD 88 ORTHOMETRIC HEIGHT IN NETWORK.

FINAL NETWORK ADJUSTMENT REPORT: 90501 RPT12.TXT, DATED 2006.11.28.
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FDOT D5 PID PNC STATION REPORT Thursday, January 11, 2007 2:34:58 P
50501004 FDOT D5 LOCATION SURVEY
PNC WORK GROUP

DATA PROVIDED IS FOR INFORMATIONAL PURPOSES ONLY. DATA IS SUBJECT TO CHANGE AND REVISION WITHOUT NOTICE
TO THE USER. USER ASSUMES ALL RISK AND LIABILITY FROM DATA USAGE UNLESS AUTHORIZED OTHERWISE BY FDOT.

DUE TO THE USE OF AUTOMATED IMPORTATION PROCESSES INTO THE PNC DATABASE THE PUBLISHED VALUES AS DEPICTED IN
THIS REPORT MAY BE EXPRESSED AT A HIGHER PRECISION THAN ACTUALLY DETERMINED. PLEASE REFER TO THE POSITIONAL
QUALITY STATEMENT FOR EACH PUBLISHED COMPONENT TO DETERMINE APPROPRIATE USAGE PRECISIONS.
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FLORIDA DEPARTMENT OF TRANSPORTATION DISTRICT FIVE LOCATION SURVEY SECTION
STATION SITE OBSTRUCTION MASKING REPORT

PAGE 1 OF DATE: 2005.

FIELD PARTY: _ 1. Hr-\m/KIu) =, TAGIDRy, A, MEwWlomd

FULL NETWORK STATION NAME: ©O9 os o/ 04 FDOTDS PID: Q040 /004
HAND HELD CLINOMETER: YES — NO HAND HELD COMPASS: YES +¢z— NO
OTHER

H.I. MEASURED WITH: AFOUDTANCG- R/ S

OBSTRUCTIONS OBSERVED AT H.I. OF z:zf&z m ABOVE NORMAL GROUND AT STATION SITE.
STATION MARK IS .00 _ METERS ABOVE ___ BELOW .~ NORMAL GROUND AT STATION SITE.
H = AZIMUTH ANGLE FROM MAGNETIC NORTH AS DETERMINED BY HAND COMPASS. FULL CIRCLE SWEEP.
V = ANGLE OF ELEVATION FROM THE APPARENT HORIZON AT THE INSTRUMENT OBSERVATION HEIGHT
BEGIN OBSTRUCTION END OBSTRUCTION OBSTRUCTION DESCRIPTION
o H !5 v 0o _25¢ & IS v _noo OBSTRUCTION .
259 H .30 v 1o 233 ®H S0 VvV _TReZ (InE
213 = 5 v To _360 H _J5 V _AW ORBRSTRUCTIZIoN.
H v TO H v
H v TO H v
H v TO H v
H vV TO H \%
H v TO H v
H V TO o H \"%
H vV TO H \'
H VvV TO H \'A
H Y TO H \'
H vV TO H \'4
H vV TO H \'4
H VvV TO H \'
H vV TO H \4
H v TO H v
COMMENTS
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