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Project Overview:

Thisreport describes theesultsof the Petén Archaeological Expedition (PABEnultidisciplinaryproject
involving 23 scietists, engineers, archaeologists, journalists, EC Members, and support dSiaff
objective was tacompletea series ofield tests ofexperimentalLiDARJAV platform prototypsin the
jungles of GuatemalaThe expeditionalso collectecarchaeological ah conservation datancluding a
series of highly precise recordings of fragile and deteriorating limestacenography large scale
recordings of pyramid and plaza complexes as well as highly accurate 3D LIDAR data getgiadisly
unrecordedMaya tomb(AD 300-600) AIRSAR radavas used tosuccessfully predidhe location of
two previously unrecordedViaya settlement sites(circa AD 300¢900) which were documented via
ground reconnaissance.
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Figurel: Flag #99 and EC membensFlores Guatemala ahe end of the Expedition:Robert J. Atwatey LF Dr Albert LinFN,
Douglas InglisTM and JasorPaterniti, FN



Project Explanation:

The Petén in northern Guatemala covergproximately36,000 square kilometers This area was once
the home of theancientMaya, a civilization whicHourished from the Prelassic period circa 1,500
B.C., and then abruptly collapsed starting aroéi900. (William Saturno, 2007)

Forthe last200 yearsnon indigenous explorers habattled heat, humidity, insects and disease in their
efforts to penetrate the dense jungles of the Petén in search of Maya ruins. More often than not, the
objective of these efforts was to lothese sitedor profit, not to learnfrom or preservethem.

While many monumental Maya sites have been discovered and recorddee last century Maya

scholars believeéhat much of the physical remains of the ancient Maya civilizati@y still beburied

deep inthe jungle(Barnhart) Today, advances in remote sensing technologias helpresearchers and
scholarsto level the playing field against looters before these preciaosecordedcultural heritage
sites are lost forever

History of Remote Sensing Exploration in the Petén:

The use of @mote sensingechniquesin the Peténcan be traced back to 192®uring a survey to
identify airmail routes for Pan American Airway€harles A. Lindbergh saw what appeared to be ancient
ruins rising above the jungle canopy. Later that year, Lindbergh returned with archaeologists Alfred V.
Kidder and Oliver Ricketson Jio explore the
northeastern Yucatan Peninsula search ofancient

ruins in a twin motor Sikorsky Amphibian aircraft.
Duing this expedition, Kidder recordedlistinct
vegetationpatterns he associated with ancient sites
though he did not record the locationsWhile these

early exploratoryefforts did not produce scientific
results, aerial technologyenabled archaelogiststo
NAaS 6020S (GKS 2dzy3atsS OF y2LkR
perspective of the sites and their contexi@/illiam
Saturno, 2007)

In the following decadeserial photography was used at Tikal and Copan in any effort to identify the
extent of thesemonumentalsettlements.The resultant stereoscopic imagery was useful in generating
better contour maps(Garrison D. T2011)



Ly (KS ™ dwas fidshused mlthB Peléh as part of environmental studies of soil analyses and to
identify vegetation types in the satellite imagery near TikalWhile early satellite technology could not
match the resolution of aerial Is&d image collects, satellite remote sensipgpvided two critical
advantages over aerial photography. First landscapesd be viewed in different resolutions to provide
different perspectives and second, satellitEscollect data across a wider rangéthe electromagnetic
(EM) spectrum. Thiater feature would prove to have a significant impacttba development oMaya
research A key breakthrough came assearchersbegan to recognize thahe archaeological sites
themselves were impacting thegnvironmentsin ways that could not be seen in visible part of the
electromagnetic spectrum. Through remote sensing technglobggnges which were only observable
outside of the visible EM spectruoould be detected andused as a proxyo predict the existnce of
other archaeological sitg®arcak, 2009)

Ly G4KS ™ dpeverom NASK Beydn Boking for vegetation signatures in multispectral imagery
as an indicator of potential presence of archaeological maté&lrno, 2007) While the resolution of

this technology was not sufficient to identify structur&gverwas successfuh identifying canals and
roads.

Ly ( K SSeventnipduc®ed further surveys using the new STAR3i system whiclabi@do identify
islands in the bajo areas. These islands coincided with the location of modest bajo commuBetes

next experimented with satellite imagery using the 30m resolution per pixel images generated from the
LANDSAT satellit6Garrison, 2011)

In 1999 the IKONOS satellite was launched which provided much higher resotiatancollects than
previous satellitesL y 1 KS SS$eMip@®posed ta BrQAdlliam Saturno to conduct a survey of the
recently rediscovered San Bartolo site in the northeastéPe In 2003Saturno was successful in
predicting archaeological sitesd featuresaround San Bartolo. yBmanipulating different bands of the
vigble EM spectrum Saturno was ableto
amplify variations in vegetation signatures
using these differenceasa proxy for possible
features located below In this caseit is
believed concentrations of limestone used in
Maya architecturemay have leeched into the
soil which is absorbed by and affects the
overlying vegtation. (Garrison, 2007.

Figure 3 Thelkonos satellite, at left, offeed high-resolution imagery at Imeter resolution. On rightthe GeoEyel satellite,
which boasts0.4 meter resolution capabilitiesImage courtesy of GeoEye.

! Radar reonstructs surfaces by sending and recording the amount of time it takes for pulses of energy to reach an object and
return to the sensor.Radar is adactiveéd @ a1 SY @SNRdza 20KSNJ GeLlSa 2F aLl aar@gsSe
objectssuch as the earti{Parcak)
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Saturno identified a specific spectral signature in IKONOS twatelfigery that he believed indicated the
presence of Maya Settlemerits Survey work was conducted to confirm the signature and later the
signature was used to discover new settlements at new locations around San B@imoson, 2007)

Figue 4 & 5: Example ofidentification of a settlement signature using the infrared (IR) part of the EM spectrum to
accentuate differences in vegetatioat a site near San Bartold\Note: ancient settlements structures were identified ithe
GSEGIMNMBVRK é6 | NB I & & dzNIJ S.énfhdes doyftesy Br.ST GRrNSHERIEINET. , 2007)

Starting in 2005, Dr Thomas Garrisaino had worked with Saturno at San Bartatontinued research

of the Maya using remote sensing tewiogies. Using the same methodological approach as Saturno,
Garrison conducted regional reconnaissance aroarslte known a€l Zotz However, Garrison was
dzyl 6t S (2 NBLIADIGS {FGdzNy2Qa NBadzZ Ga

From areview of data collected across different sit€&arrisonconcluded thathe effectiveness of this
remote sensing techniqueay beinfluenced and possibly limited by:

1. The geomorphology of the area being analyzed, and
2. The spectral band combination being used to manipulate the satellite imagery, and
3. The climate conditions when the imagery is collec(€arrison T. , 2013)

Undoubtedly theuse ofhigh resolution satellite imageryp search for cultural material in subtropical
environments has become far morgseful and cost dfective in recent yearsHowever, it remains
unclear if this approach catbe systematicallyeplicatedto predict and map the extent of archaeological
sites in the jungle

2 The best results for sat imagery around San Bartolo were in images from transitional months (eselydteb, mid May
early June) when the moisture levels were changing. The best t@mdo for analysis that we used was Near Infrared, Red,
Blue (4,3,1)Garrison T. , 2013)

% Garrison used slightly different spectral bands as well as gatietlagery which was collecteturingthe dry and the
transitionalrainy to dry season period (Jan/Feb) when differences in healthy versus stressed vegetation signatures might be
expected to beamplified.



LIDAR

Maya esearches have also recently begunexperimenting with other remote sesing technologies.
Light Detection and Ranging (LiDAR3es an infrared laser to create three dimensional images of
complex environments. LIDAR has given Maya researchers the ability to effectively search for and
visualize the full extent of a Mayatdement and its surrounding landscape in an efficient and non
invasive manner. Even in sub tropical environments whethick canopy obscures terrain and or
archaeological features from viewiDAR has proven to be an effective survey tddDARs extemely
effective for survey worlbecausezven if only amallpercentageof the
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Figure6: ExampleResults of LIDAR visualization model at Caradalage courtesy:(Arlen F. Chase, 2013, p. 186)

hundreds of milbns of points collected from a laser manage to penetrate through the jungle canopy,
this can be sufficient to identify y R atheltdrdgin and any archaeological features beldwBelize

the first successful deployment of a LiDA#s usedn Central Anericaby the Chaset map the Maya

site known as Carac@ee above) This data was used to validate/correct mapping done by the field
researchers over the last 20 years.

Beyond validatiorof prior work some Mayascholars believd iDAR can deliver sstantialy greater
benefits to archaeologists


http://cookingwithlittlebuddy.com/wp-content/uploads/2012/09/meso3.jpg

OLIDAR holds the greatest promise for finding every last major (and minor) site in the jungles of
Northern Guatemala. This is the purest, most authentic exploration, of course, and momentous
scientifically

-Dr Stephen Houston, Brown University

As of the writing of this report LIDARechnology has been used at archaeological sites where survey
and excavation work has already been conducted. While this has proven useful to identify
archaeological featres not identified through traditional survey methods or to correct locational errors
in surveys, it hamot been used as the basis to visualize a previousigumnmeyed landscape and direct a
more efficient and effective field survey and research prog(@arrison, 2013)

Recent success of manned LiDARurveys oveportions of Central America and Southeast Asia have
highlighted the revolutionary utility of this sensor to identify and visualize archaeological remains from
above.However,LiDARhas nd been used extensively teearch for, identify omap archaeological sites

to datein large part because of costDARmappingdeployed from fixed wing manned aircraft remains
prohibitively expensive for most projects.

Research Aims;

Maya sitesreman undocumentedin the Jungles of Central Americ&rtifacts are constantly being
unearthed and distributed on the black marketSearching forand scientificallydocumenting sites
requiresan enormous amount ofime and labor.At present, looters are ideifying sites faster than
Archaeologists can record theriManned @rial LIDARSurveysallow archaeologist to rapidly identify
and precisely map archaeological sitetowever this technologig very expensive tadeploy. Our team
believes they we have revolutionary answer to this problem: compact LIDAR arrays mounted on
portable UAVSs that can be launched from within the jungle it3&#. believe his technology will change
the landscape of Maya archaeology fedudng the cost of aerial LIDASuUrveys and pla&e the controls

of the survey equipmenin the hands of archaeologistEheaim of the Peén Archaeological Expedition
isto conductthe preliminaryfield testsin orderto develop a cost effective UAV based LIDAR prototype
to assist archaeologists in thefforts to understandthe ancient Maya. Building on thremote sensing
work of Dr William Saturno and other Maya researchers, teamintendsto construct a robust and
economic UAV based LIDAR systfam remote sensing data captureSuccessfullyfield testing our
prototype equipmenton this Flag expedition wdke first stage in an effort to build a UAV based LIiDAR
prototype which will allow future archaeologists to capture a comprehensive survey data of targeted
Maya Landscapes at a fraction of the cesjuiredto deploy LiDAR via fixed wing manned aircraft.



Project Objectives:

A Demonstration ofunmannedaerialvehicle (UAV3urvey capacityn sub tropical junglenvironment
including full path plan, data capture, data processing (stitching,-rgmencing, orthe
rectification), andLiDAR an&FM workflow

Capture imageof templecomplexedrom above jungle canopy
UAYV reconnaissance to explore glifit EI Zotz farave entrances

Collecthigh resolution LIDAR and SfM recordings of monuadesultural material for conservation

> > > >

Collectlarge scale SFM of Plaza complexes and pyramid of context visualization and archaeological
recording purposes

Qollect high resolution LIDAR data of tomlr f@cording

Test research hypothesis thatthe Maya built on geographically favored topography to take
advantage of view shedsy groundtruthing targetspredicted fromhigh orbitremote sensing Radar
data

Orientation:

Our team arrived by variousmall plane to Flores Guatemalaour rendexous location and the
traditional jumping off point for many expeditions heading into thetén From Flores our introduction
to this intense environment was much like early explorers descriptiétisedr own incidents of travel:
mud, insectsand more mudwhich resuted in our failure to reach ouffirst objective the Maya site
today known asNakum. Wary of our tight schedule and running low on fugé reluctantlyturned back
after 18 hours of winching and digging, having covered only 30 knmurAtext target siteNaranjo we
found more favorable driving conditions amdostly undocumentedtemple ruins. Many of the ruins at
Naranjo are bscured by thick jungle andeeredby amillenniumof earthand organic materialMuch
like explorers must have dongimost two centuries agowve could onlywonder about the size and
context of these ruinandof the people who built these cities.
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As we climbed to the top of one of larger
unexcaated mounds atthe Maya site
2RI & | yRafmgje, thél obvious
problem of working in the jungldbecame
clear: How does an archaeologist make
sense of such a large site? Where does one
start? Naranjo showed us the problem.
Now it was up toour teamto see if we
could deliver the solution.

Figure 8: Driving deeper into the ruins at Naranjo
we encountered a strange and fascinating
landscape of large conical mounds which covering
unexcavated Maya structures. (Fltr: Doug Inglis,
Alistair Calvert, Jasn Paterniti, Toby Savage
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Geography

The Maya Lowlands igenerally composed ofa karst topography withbajos (seasonal wetlands)
comprising 40% or more of the land surfa&arrison D. T., 2011)The porous limestone bestk acts

as a sponge. Instead of flowing into streams and rivers, rainwater flows down through sinkholes to
underground drainage systems far below the surface

Site Selection

For this project w identified four potential locations for study based dmde criteria: accessibility,
canopy density and site excavation status. For practical reasons, logistics required we have at least
marginally passable roads to reach the sites in the time available for the field study. In order to deploy
and recover the BV system, canopy density was an additional constraint for the project. Weede¢d

least 3 meter gaps to deploy and recover the UAV.

SITE Location Accesibility Canopy Site status
Nakum 17° 10.570'N Very Muddy Track. 10 hours to cover 16kms. Truc Partially open Partially
had to turn back 10 kms short of target as we we excavated
running low on fuel and time.
89° 24.278'W
Yaxha 17° 4.508'N Dirt road, maintained. Open Excavated
89° 24.125'W
Naranjo 17° 7.537'N dirt road/ muddy track 8 hours to go 19kms Dense coverageUn Recorded
89° 15.359'W
El Zotz 17° 14.491'N Dirt road/ muddy track: 4 hours to go 21 kms Dense/small Partially

openings excavated

The state of excavation of a siteas also factored into our decisioMostly deared and &cavated sites
like Nakum and Yaxhaffered comparatively little foscholargo learn fromour results From a research
perspective,El Zotzand Naranjooffered an excellent location to field test our equipment while also
potentially allowing us to collect useful data as paftthe effort to conduct a complete inventory of
cultural sites Based on road and canopy accessibility we selededarchaeological site at El Zotz
located in theSan Miguel la Palotada Biotofmr our field study.

* We are extremelygratefulto the Instituto de Antropologia e Historia de Guatemelaauthorizingthis project
andto CECON and the Universidad de San Carlos San Miguel Bidtighaouns the reserve.
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History of El Zotz

El Zotzis located 14 miles west of thenore famousmajor center of Tikal. The site contains many
unexcavated mounds and tombs and is so named for the hundreds of thousands of bats that fly out
from under nearby cliffs at sunset. El Zotalg& knowrfor its well preserved Early Class&¥300-600)
architecture, with elaborately decorated stucco surfacEhe Mayamod likely referred to El Zotz dsl Q
Chart 2 NJ &aF|28NTidher BitgdMRs occupied for over nineenturies between AD 300¢1250)
(Garrison D. T., 2013The earliest royal palace at the site is located on a hilltop overlooking the area
where the major ruins 1@ located. This palace, known as the El Diablo Group, would have housed the
royal family for about two centies and included a I3neter-tall funerary pyramid.

Modern History of El Zotz

It is uncleawhen El Zotz was first rediscoverduait we do know that thesite washeavily looted in the
Mdpc nQa I PDRingiisperiaiieddemic study of the siteas limited to a handful urvey and
mapping effortsundertakenfirst by Marco Antonio Bailefpllowed byGeorge Andrewin 1977and lan
Grahamin 1978

Ly GKS wmMpynQa GKS tNBeSOl2 bl OA2Yyl f ¢CAlL ¢ YR
(DEMOPREBf the Guatemalan Institute gknthropologyand History (IDAEH) conducted mapping and
limited test pits excavations with some removal of arti&am 1987, 1995, 1999 and 200 2006 a

team led by Dr. Stephen Houston of Brown Universityd Héctor Esdmedo (Ministerio de Cultura y
Deportes de Guatemaldegan a five year project to map El Zdgttouston D. S., 2008)

In 2009 DrTom G@rrison joined the project as the director of regional investigations. As of 2012,
Gariison became Projectiiector (based at the University of Southern California) in collaboration with
Edwin Roman (University of Texas at Austin) who served as Guatemalan praj@ettor.

Expedition Members & Areas of Responsibility:

The Petén Archamlogical Expedition brought together two groups of highly talented scientists and
researchers. Dr Thomd&3arrisonand histeam of Maya Archaeologists partregt with Dr Albert Lin

Prof Ryan Kastner and Dr Curt Schurgerd their team from University of ICt A T2 N/ Al { | Y
Institute for Telecommunicéns and Information Technology (Calit3.  Dr. Lin, a Lowell Thomas
award recipient, describes the Engineers for Exploration (E4E) program at Calit2, which is also known as
the Qualcomm Institute, ada studentpowered innovation incubator for exploratioBythe end of this
expeditionthe UCS@Deam hadmore than lived up to this description

12



Figure 9:The Petén Archaeological Expedition team

NAME |+1/EC|*/NATIONALITY x| ROLE

Albert Yu-Min Lin, Ph.D.  FN  USA Lead Engineer

Alistair Calvert UK Equipment

Anatolio Lopez Guatemala Lead Guide

Angela Brown USA Logistics

Curt Schurgers Ph.D Belgium Lead Engineer UAV based aerial survey
Dominique Ernest Meyer Switzerland UAV Platforms

Doug Inglis ™ USA Archaeologist

Edwin Roman, Lic Guatemala Archaeological Co-Project Director Proyecto Arqueologico El Zotz
Eric Kwok-Cheung Lo USA UAV Platforms

Gramham Jackson UK Logistics

Hector Ac Guatemala Guide

James Brown USA Logistics

Jason Paterniti FN  USA Expedition Leader

Joel Guatemala Support Vehicle Driver

Jorge Guatemala Support Vehicle Driver

Luis Guatemala Support Vehicle Driver

Oscar Cac Pan Guatemala Guide

Perry Winstead Naughton USA Data processing/ SFM

Robert J. Atwater EC LF USA Project Health & Safety Officer

Ryan Kastner, Prof. USA Lead Engineer ground SFM and Stereo data capture
Sarah Newman USA Faunal Analyst Proyecto Arqueologico El Zotz
Toby Savage UK Project Photographer/Journalist

Tom Garrison Ph. D USA

|| AFFLIATION I

California Institute for Telecommunications an
Information Technology @ UC San Diego
Royal Geographical Society

El Zotz Project

NLX

California Institute for Telecommunications an
Information Technology @ UC San Diego
California Institute for Telecommunications an
Information Technology @ UC San Diego
Texas A&M University

University of Texas at Austin

California Institute for Telecommunications an
Information Technology @ UC San Diego
NLX

El Zotz Project

NLX

GEOS Foundation

El Zotz Project

El Zotz Project

El Zotz Project

El Zotz Project

California Institute for Telecommunications an
Information Technology @ UC San Diego
Explorers Club

California Institute for Telecommunications an
Information Technology @ UC San Diego
Brown University

Toby Savage Photography

Archaeological Co-Project Director Proyecto Arqueologico El Zotz University of Southern California
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Logistics:

In Floreswe met up with our localogistics teanwho providedtransportation, food and meals for the
project. Due tolate season rais,we encountered far more difficult terrain than we hagpected

Figure 11.Graham Jacksofrom our logistics support team’n the midleof a bush répair of a HD rear spring that had broken
in half on the trail out of Nakum. The spring was reset on its moustng a block of wooglater a metal block wa fabricated

to better seat the broken spring. Image: Doug Inglis

14



Figure 12.Camp for the nightrarely used logging roads allowed us to stoijght on thetrail and hangour hammocksfor the
night.

On Day 6after a four hour drive through muddy tr&e wereacted our target site at El Zotne of our
driversvolunteered b return to Floredor the 8 plus hour return trigo pickup one of our undergrad
students as well a®ur pelican casewhich contained 4 helicopter platforms which had not made th
fight from los Algelesto GuatemalaCity. Thisfellow made thetrip back to ElZotz this time solo
without a winch and in the dark.

Figure 13Base camp at El Zotz: Image Courtesy Albert Lin

15



Project Methods:

In order to build arobust UAV based.iDARsensorcapable of operating in sub tropicahvironments
the components of our prototypeould need to be testeih the field under actual condition$he main
objective of these experiments wae determine if the equipment could operate beyondormal
engineerimy tolerances As we could not risk destroying our borroweilDARsensor the engineering
team broke up the field tests into a series of discreet controlled experiments includihyRdata
capture, UAV deployment, flight path and recovand finallyUAVdeploymentwith a photo recording
payload package

Laser sensor

A laser scanner works by emitting a beam of infrared laser light and reading the energy reflected back to
the scanner to place a point in a three dimensional context. This light beammtigrem the scanner

onto a rotating mirror that then sends a beam laser light out of the unite Mtating scannesends a

light beam out and over a target area. When the beam encounters the surface of an object or terrain
FSFGdZNBE G KS f baaiStdldnhesstahnriing unid 2nithiy” idf@rhationis recorded as a data

G LJ2 XRAro,£2012) The latitude, longitude and height from the ground of each of these points can
then be aggregated into whatisy 2 6y | & IR éedinixlbuddicanQHer iz used to generate
Digital Elevation Models (DEMhich are computer generated simulations of the LiDAR .datdorne

LIDAR typically consists of a laser, a scanner, an integ@RSleceiver and some type of flying
platform. Airplanes and helicopters are the most commonly used platforms for acquiring LIDAR data
over broad areagNOAA )

To test how dasersensor would react to an intense imid environmenta Faro Focu3Dlaserscannen
wasutilized. Our goal was to determine whetheiDARcanbe used to collect and record useful data in
the intense jungle environment.The Focus 3Dnit is alaser Class $ensorproviding a ranging error
accuracy of +2mm andcan collectup to 97,000 points/sec. Typical scas ranged from five to ten
minutes resulting in hundreds of millions pdints

of data(Naughton, 2014) The 240 x 200 x 100mm
unit weighs5kg beyond thke payload capacity of
our existng UAVbut usell for testing how the
equipment would function in an inteetyy humid
environment

A secondary mission for theiDARteam was to
record high resolution recordingsnonumental
cultural material for conservation

Figure 14CF N2 05 [ 2SNJ a0l yy SNu
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http://oceanservice.noaa.gov/geodesy/gps/

Figurel5:{ 6 St t I n ¢KS t S3ISYRINE 52YV !YI-ﬂEfAQ [ " LST OtSlFyAay3a I {G$S
to clean andprepareiconography¥ 2 NJ LIy DNJ KI YQ&a &1 S OFgbra 16RidanskngrIecdidiaG Stallapy n Q & @
no 1. Image courtsey Doug Inglis

Figure 17 Digital elevation modelof Stella nol. El Zotz. Image courtesy of UCSD E4E

Beyond recording of individual objects the lidar sensor was used to record large scale environments in
precisedetail such as the looter tunnel &tructure M71: Click here for a link to LIDAR Scan results of
M71 Courtesy of UCSD Calit2

17


https://www.youtube.com/watch?v=M6AKUE79xWw
https://www.youtube.com/watch?v=M6AKUE79xWw

Structure from Motion

While LiDARtechnology undoubtedly representie cutting edge in remote sensing research tools,
Structure from Motion (SfMprovided us witha cost effectivgproxy for LIDAR for our field testsStM is

a process whichcombines a series of two dimensional image sequences into a three dimensional
visualization model. The procemstails takingwo-dimensional photographs of an object or site from
multiple angles and then tracking and aligning features in the photos (such as corner points) to 'stitch
together' and reconstruct the object digitally 3D (Kastner D. R., 2014por ourtests, SfM recording
equipment wasalsoused asa proxy to deployin@ highly sensitivéand expensiveLiDARsersor on our
prototype UAV systa.

For SfM image collection we usedCanon DSLBameras SfM datainput into a commercially available
Agisoft software programhttp://www.agisoft.ru/ . However in order to process and view the resultant
models,, / { 5 Q agroupdgveélapedcustomsoftwareto process thedatasets(Naughton, 2014)

For our testswe selected severgblaza and pyramid complexes at El Zotz. Thests would also
representthe initial trials of SfM recording at El Zotm advance of deploying teamin line 2014 to
record a series ahonumental nasks found & DI NNJ ia 20¢0aaDiablé&Coiviplet El Zotz.

Figure18 Calit2 professoDr. RyanKastnerand PhD student Perry Naughton preparing to gather stereoscopic images
dza Ay 3 GKSat&lizota8S/ I Yé
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http://www.agisoft.ru/

Figure19] 22 i SNJ GNBYy OK f SFRAYy3 Ayid2 GKS G2Yo 2F GKS aRSIR FTNRAE

Figure20Y { Ca Y2 RSt 2F ¢2Y0 PBGESD&4ES 24 RSI R CNR3I¢ LYI3AS
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Figure 22:SfM andLiDARconstruct of Looter trench and tomi€outesy UCSD E4E

3D model of Maya Maskincovered at El Zotzreated using SfMClick here for link to SfM model of
Maya Mask. Model courtesy of G
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https://www.youtube.com/watch?v=g2pv-pOSjyo
https://www.youtube.com/watch?v=g2pv-pOSjyo

Long range UAV based aerial survey:

The final set oengineeringexperiments at El Zotz involvemonstration ofmultiple path plars, data
capture, data processing {&thing, geereferencing, ortherectificatior? and SfMworkflow) in order to
demaonstrate UAVplatform validation

UAV:

Our experimental copters were equippedith fully integrated flight and position system$he larger
ohexacopte¢ was based oran RCTimer F800 airframe with a brushless gimbalsupport various
sersors. Flight time for the hexacopter was approximatelyp minutes,moving at5 meters per second.
Payloadcapacity for this UAVhcluding gimbal ispproximatelylkg. The quadcopter "crawleris an
entirely custom builin the UCSDnachine shop, and carries the QX100 mieal directly on the copter.
Flight time idfor the crawler isapproximatelyl5 minuteswith a payloadof 0.5kg.The thirdhexacopter
used was aDJl F550 with a Zenmuse GoPro gimbdight time for this UAV is approximatel§0
minutes. We usedthis UAVwith the GoPro Hero 3 Black tmnductaerial filming. Payloadincluding
gimbal isapproximately0.5kg sensor. Forour field trials we used &ony QX1Q00a20MP camera with a
1" sensor, and weighs ~200G,28mm focal length in 35mm equivaleito, 2014)

Figure 231 ocal guideMoises andJCSD StuderdomMeyer carryinga UAV system to the test site.

*® variations in the surface being recorded and or the angle of the sensor and or the platform doing the recotdits futisv
terrain data is displayeith an image Digital Hevation mode$ areused to remove these distortions a process known as
Orthorectification(SatimagingCorporation )
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more extensive sensor platformhich would carry a LIDAR sensor payload.
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Figure 25UAVFlightPath planning
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In order to obtain detailed image captures of templemplexes above the jungle canopy we had to
identify clearimgs in the canopy a minimum of 3 metensdiameter. This resulted at times in the team
being forced tadeploythe UAV from the tops of Maya temples.
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Figure 26:UCSD Engineers in first flight tesf UAV over El Zotz atogmple M-71. Imagecourtesy DrAlbert Lin
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Figure 27 Flag 99 photographed from the UCSD UAV from 30M above M ¢ S Y LJf V@2 22FFS yii Hp®Agedir ISnf £

Figure 28: Flag #99 on top of M71 Pyramid of the Wooden Lintel atZBtz, The UCSD UA¥ritically low on batteries is

about to make an exciting landingL Y| 3S 52dz3fl a Ly3fAa taQmo
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Figure 29:.UAV reconnaissance flights also demonstrated thedrsatility as they allowed ugo explorecliff faces in search of
hiddencave entrancesn toxicand dangerous environments

Click here for a video demonstration of the UBNflight at El Zotzhttp://vimeo.com/88212266
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http://vimeo.com/88212266

Inter regional study: Site prediction using remote s ensing techno logies :

Sme of the most spectacular discoveries in the El Zotz region hamairred onhilltops with elite
architecture on them.¢ KS & A (i S Bgjuga® ah yhe mapbeldwis an example, but also some of
the outlying groups at El Zotz itself (El Déahas Palmitag)Garrison T. , 2013)As part of the PAE
project we alsoconducted investigations ttest the researchhypothesis thatthe Mayain this region
built on geographically favored topography to take advantagaefsheds In order to test this theory,
our team employedradar data to test whether remote sensing technologies can be useaetict the
potential location of archaeological sites

Figure 30:AIRSAR radar data that has been stretched docentuate and highlight hilltops. Image courtesy of Dr. Tom
Garrison.

Using high orbit emote sensing Radar databtained from NASAthree targetswere identified for
ground truthingreconnaissance by our teamThe areas in question are locatedtween El Zotzrad
Bejucai and hadnot previously been explored or documentby researchers

b¢KS $2NR . S2dz0Ft NI yaadithiveduptoilisshante. A3 ay I NI 2F @GAySas¢
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Figure 32{ STGY 52y ! yI ( 2withhslogalcredfdt thedentiancéldt B STr @ a previously undocumented (but
looted) Maya Site Figure 33: Right: Dr Tom Garrison, Jason Paterriifland Doug InglisTM with Flag 99 atthe entrance of
IR STR 2

At thesite Dr Garrison named IR Str 2 we discovered what appearsao dmitee Mayastructure. Elite
structures tend to be sites whichre well built using high quality materials such as tise of a hick
layer of plasteexterior coating Itshill top locaion is unusual for the Interegional findings at El Zotz to
date. Typicallglite settlement or ceremonial complexes are clustered and arranged around a plaza.

One possible theory is that thetructureswe found were watch towers pdsned in geograpisally
favored locations (highest points in the area).
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Odd feature
we did not
explore east
of the radar
recon trail

This theory is baseih part on the remote locationsof these sitesrelative to other Maya certers
combined with thecomparativelyhigh concentration ofchultunob (underground storage chambers
typically used to storavater and or maize) which were observed in and around the structures

Site ZotzIRStrl Zotz IR Str2
Quarry 1 1
Mound 1 1
Chultunob 2 5
Terrace 1 0

While it is possible to see the city of Tikal from El Zbtis, not clear from our preliminary analysis of
view sheds if Tikal was visible from3R 1lor IR Str 2.The El Zotz Archaeologideam will need to
conduct a full mter-visibility study using GIS data to determine vighweds from thee newly located
sites.
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Project Results & Outcomes:

Figure 35Doug Inglis TM and UCSD studeribom Meyerworking late into the night toprocessdata collectedfrom theR | & Q &
trials. ImageDr Albert Lin

Someexpertsbelieve that looting, resource extraction @humandevelopment will destroy most of the

g2NI RQad NBYFAYAYy3d dzyRAa02@FSNBR Odz G diicdk, 2609)NR G | 3 S
Advances in remote sensing technologies offesearchers thepotential to leve the playing field to

locate and record these precious cultural heritage sites before this information is lost foreferpart

of this effort, the a&tvelopment of an economic UAV LiDAR platform can bring the significant benefits of
LiDAR data collectioto archaeologists working idensesub tropical environmentsvhere traditional

survey methodologies remain both expensive amefficient

During thePeténexpedition, we obtained @sitive outcomesacross a wideange of trials. From our

field testresults ourengineering team has a clear understanding of the potential and current limitations

of UAV systems. Our challenge will be to develop a UAV which can handle a larger payload capacity
without loss of battery lifeand to integrate a smalightweight LIiDAR into the system

From an archaeologicand conservatiorperspective, usefutlata was collected including a serie$
highly precise recordings of fragile and deteriorating limestone monumental cultural material, large
scale recording of pyramid and plaza complexes as well as highly accurate 3D LIiDAR dataasets of
previously unrecordedMaya tomb (AD 300-600). AIRSAR radar and HRSI was used to successfully
predict the location of two previously unrecorded elite Maya settlement sff&d 3001250 which

were documented via ground reconnaissanc&udy of this newly discovered Maya site and its
geographical context isurrently being investigated by archaeologists from USC and may form the basis
for a future MAthesis.
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