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GIS Applications in Easter Island:
Geodetic Adjustments and Survey Maps Accuracy

Patricia Vargas, Claudio Cristino & Roberto Izaurieta
University of Chile

Abstract - This paper discusses the variables and methodology involved in the geodetic transformations required for the
adjustment of the Easter Island Archaeological Survey's cartography — until recently supposed to be Datum Easter Island
1967 — into the current world geodetic system, WGS84, base of the NAVSTARGPS system, and explores the limitations for
archaeological fieldwork of the absolute method used by the "satellite navigators" in relation with the cartographic scales
considered.

Recent research on Easter Island involving localests done with GPS technology, led some scholars t
speculate that the maps of the island- wide ardbgmal surveys done in 1968 are inaccurate wheda dee
compared with GPS-generated georeferenced locatiogeographical features and archaeological featand
sites.

This paper discusses the true nature of the probleams about indiscriminate use and current litiaites of
GPS surveying on the island without the control eodections we analyse and — by validating theueszy of
the published survey cartography — proposes thegohares required to make such adjustments to lect@bise
the archaeological survey's site locations maps.

The cartographic base on which the Easter Islamth@ological Surveyis sustained comes from an analogical
aerophotogrammetric restitution executed at 1:1D £fale, carried out by SAR July 1965, based on aerial
photographs taken in January 1964 at an averade etd:17,500 (effective at sea level). Its geerefce
corresponds to an astronomical datum, supposedipleshed over the "1924 International Ellipsoi®uch
restitution, with a 5 m contour interval, constitsia detailed registry of the morphological featumed historical
planimetric elements found on the island surfacd, angether with derived maps of scales 1:25,000 an
1:30,000 it was officially used until 2005. In ord® work with sheets on a suitable scale for caaphic
registry in areas with a high density of archaeialgsites, the original charts 1:10,000 were eaygdr by
William Mulloy® to a scale of 1:5,000, and the island was ariditrdivided into 35 quadrangles covering 2.5
km east- west by 3 km north-south. Since 1977 th#haas refined this cartography and, as the survey
systematically covered the island, generated felgisted topographic maps and georeferenced the 35
guadrangles originally designed by Mulloy (Figuje 1

In its early stages, the archaeological survey ydade table surveying methods for the topograpdmgstry of
sites directly over the quadrangle sheets. Duadolow precision of the graphic determination okctions
along with the negative effects of island weatlmrditions on the exposed paper dimensional stabidwever
plane table usage was replaced in 1978 by a fasttimore accurate tachymetric method and frequanta
measures were made to the planimetric and orograpleiments depicted in the maps. Local "Connecting
Traverses", used as the basis for the topograpbinaieys, always started and ended in points wittwk
cartographic position. Control measures were madthé field to ensure that the archaeological sitesld
show in their true positions with respect to laragee features and elements depicted (natural andnmade
features) in each of the quadrangle maps, as wellith true orientations and dimensions in the azskarge
structures (ahu), long stone alignments and iriteafeatures. In this way, any mapped site wouldebsily
identified in the field by correctly reading thentiscape features represented in its vicinity amdpatial relation
to other sites. Several site relocation activitiagied out in this traditional way in differentrpmof the island, at
different times and for different purposes, havevah that, for trained people, this method alwaysksoThe
only key is to know how to read a topographic mag ase it for orientation in the field.

The development of new technologies, especialljnftbe 1980s, totally changed not only the way meags
produced, but also how they are used and handligitaDmaps, in addition to computer aided desiGAD),
geographic information system (GIS) developmengsnate sensing / satellite imagery, global positigni
systems, (GPS) and electronic developments fod frakasurements, dramatically improved accuracy and
efficiency, extending mapping beyond its traditidpaundaries.
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Hahga Pik o Cuadringulo 22 - Motu Maratiri
Cuadringulo 23 - Poike
Cuadrangulo 24 - Vai A Heva
Cuadringulo 9 - Maunga Vaka Kipu  Cuadrangulo 25 - Ana O Keke
Cuadrangulo 10 - Maunga O Tu'u Cuadrangulo 26 - Maitaki Te Moa

Cuadringulo 11 - Vaitea Cuadréngulo 27 - Rano Aroi
Cuadringulo 12 - Oroi Cuadréngulo 28 - Rano Mariku
Poukira Cuadringulo 13 - Hanga Maihiku Cuadréngulo 29 - Ava Apakena
Cuadringule 1 - Rano Kav Cuadringulo 14 - Tongariki Cuadrdngulo 30 - Ava O Kiri
Cuadrangulo 2 - Vinapu Cuadringulo 15 - Te Peu Cuadrangulo 31 - Abu Raai
| Cuadréngulo 3 - Hanga Roa Cuadrangulo 16 - Ahu A Kivi Cuadrangulo 32 - Omohi
| 5 25km  Cuadringulo 4 - Maunga Orite  Cuadringulo 17 - Hanua Nua Mea  Cuadréngulo 33 - Hanga O Teo
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Figure 1. Easter Island Archaeological Survey, Key to Quadrangles. Form Vargas et al. 2006.

In 1982 the SAP carried out a second aerophotogetnmilight, with an average scale of 1:25,000axing the
whole island, 1:5,000 for Hanga Roa, the west candtRano Raraku, and 1:2,000 for the airport rynvae
1:25,000 scale aerial photographs were the basia fiew 1:5,000 map covering Hanga Roa and the mode
agricultural areas surrounding the town, made @Rhster Island Studies Cenrttréhe field network of control
points for the aerophotogrammetric restitution Wwased on three permanent landmarks still in the, ek of
them of known geodetic positions exactly the saeference system used by the 1965 restitution. s of
minor differences shown in the shape of some conines (mainly due to the action of different ogpters
undertaking different restitution processes atedéht times), the resulting cartography matchedrately with
the SAP charts.

Our first apprehensions about the georeferencermsyst Easter Island cartography arose in 1992 wedéng a
Sony GPS receiver, to be used in the initial magpihareas related to the research project andstreation of
Ahu Tongariki. The positioning results, as giventbg receiver for Easter Island datum, differedregty from
those obtained by direct cartographic reading —toreerrors were larger than 150 m. However, awdréhe
limitations of an elementary GPS passive receiedock synchronization errors, pseudo-ranging metho
restrictions and the random error (Selective Avmiily) introduced intentionally by the United Stat
Department of Defence. The fieldwork continuedhe tisual form and no further inquiries were madeuab
these problems at that time. In 1993, the authoorporated GIS technology to the Easter Island
Archaeological Survey Program, with the sponsorgtfigSRI Chile (at that time INCOM), through the &S
software Arc / INFO PC and ArcView (Vargast al 1996; & 1998:147-152). Quadrangles were digitized
creating significant thematic layers (coverage)d atl the information as georeferenced accordinghi®
geodetic information shown in the original chatts. 1998, in the course of a field season of thggutd'GIS
Mapping Techniques on Easter Islahdjeoreferenced data for digital mapping of thehjsteric settlement in
the environs of Ahu Tongariki and Ahu Tepeu werbleoted. Sponsored by ESRI, Trimble Navigation ladd
Topcon Corporation, we used DGPS post process methwith Trimble Pathfinder Receivers and took direc
measures in the field with a Topcon Electronic T&tation. As NAVSTAR GPS depicts Earth locatiomstbe
"World Geodetic System 1984" (WGS 84), which diffén size and position from any other geodetic mhatu
defined locally for mapping, a coordinates transfation process had to be done for each positiander to fit
with the local cartography (Figure 2).
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Datum B

lllustration of a datum shift
and rotation of one datum
system with respect to
another. The centres of the

ellipsoids do not coincide Figure 2. Same point (p), different Datum, different
and the axes are rotated. coordinates.

This was solved internally by the GPS softwareedilg UTM coordinates on the predefined "Datumté&as
Island 1967" as the desired output format. Howetres, resulted in great displacement, of about t6@or all
points at Ahu Tongariki and Tepeu, evidencing arorein the identification of the target datum, and
consequently in the parameters used for the tremstion process (see Figure 3).

ime point at different Datums
(effects of datum shifts)

- Actual position inthe
Archaeological Survey map
'SAF 19651/ E=670539IN=69988507 a8 m

Displacement caused by
. misidentifying the target Datum

o Transformed position !
to datum Easter Island 1967
E=67.06851/{N=6998436

Figure 3. Displacements determined at Ahu Tongariki between SAF 65 charts, Datum WGS 84 georeferenced image
and transformed position from GPS readings to Datum Easter Island 1967.

Transformed (target) positions laid almost 150 msteand about 70 m south of its true locations am th
archaeological map, defining a rhumb line near N®4(transformed-towards-mapped positions) and a
separation vector of about 160 m. The apparentlatisment for a point without performing any kind of
transformation between both datums is about 29t m, rhumb line near S81°W (WGS 84-towards-mapped
positions) (Figures 4 and 5).
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Easter Island maps displacement

Positional comparison between
SAF map of 1965 (local astronomic datum)
and IGM map of 2005 (datum WGS84)

Figure 4. One island, to geodetic, and cartographic positions.

Figure 5. Enlargement of an area of Figure 4 showing magnitude and relative orientation of mean
disnlacement on the north coast.
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The international geodetic registry only briefs the zone the datum known as "Easter Island 196ith, an
astronomical origin associated with the "1924 Imé&ional Ellipsoid”, and almost all geodetic apations and
GPS equipment have built-in values that take imtmoant the existing displacement between the canftéhis
local datum and WGS 84. The mentioned registry dmigfs three translation parameters (dX=211, dY514
dz=l 11), so the coordinate transformation procesaccomplished by means of the simplified methéd o
Molodensky® with an uncertainty of 25 m for each of the rdsgltEarth-centered Cartesian coordinates. The
other values (rotation angles for the three Caatesixes and a scale factor) needed to perform a precise
Helmert (Bursa-Wolfe) seven parameters transfoonatFigure 6), are not available for the "Eastdand
1967" datum. In any case this would not solve ttaéblem because we are dealing with a completefgmint
local datun’.

V& Fixed Point on
Earth surface
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Different Coordinates

in different Systems ~J Figure 6. Graphic comparison of different coordinates
in different systems for the same point.

The correct way to derive at least seven parameggded to perform an analytical datum shift thiitplace
the maps coinciding with the WGS 84 frame, staytsdilecting precise DGPS-WGS 84 positions for enbar
of landmarks well distributed over the island, avith known precise coordinates for the local datumwhich
the mapping was georeferenced. Unfortunately, asgemtized during the ground control fieldwork fdret
aerophotogrammetric restitution in 1982, most asthold landmarks have been destroyed, and theracar
vestiges of their precise locations. Finding soar&imarks could solve the problem in an analyticay,vior we
know the local geodetic coordinates of a few ofittend more fieldwork is needed to solve this prable

On the other hand, a preliminary cartographic deiiw of seven parameters, carried out by the asihased on
ten carefully selected horizontal control pointinénalong the coastal perimeter and one at theecaftthe
island) gave, through a Helmert transformation,asarage deviation of less than 10 m at the comtoahts,

except for the eastern headland of the island Jdikat showed a 40 m deviation. The coordinatesétch
selected control point were obtained by digital rea UTM format; identifying them in both the ongl

cartography of 1965 and the new digital restitutimoreferenced on WGS 84, made by the f@&M2005, with
the same aerial photographs taken by SAP in 1982t{® island silhouettes in Figures 4 and 5).

With these results in mind, and supported by tret fhat the archaeological information surveyedeath
guadrangle is geometrically consistent and linkgd"®onnecting Traverses" to permanent geograph& an
manmade features, present in the field and in tiginal maps, it was advisable to perform a diffdia
transformation based in the digital correlationwen homologous elements in both cartographies5(Eesl
2005). In this way, blocks of archaeological featu(sometimes approaching the size of a surveyrgogie or

6 to 7.5 square kilometers) are being moved tonthe map locations, tied to homologous planimetnd a
geographic elements, thus assuring the preservafiits spatial geometry and correct geo-referancgatum
WGS 84. The next step is to get DGPS positions avenmber of well-distributed points in each quadta /
block, in order to evaluate the results.
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Conclusions

Independently of the low precision inherent to eagraphic reading of coordinates, the result af msearch
and analysis confirms that the datum "Easter IslB®@i7", considered for datum shift in the GPS eaaipts
and related software is not the one employed indbestruction of the maps used for the Easter dslan
Archaeological Survey. Therefore, researchers ureawhthis crucial fact are using their GPS adjddte the
wrong Easter Island 1967 datum that is not the lohsbe SAP cartography used by the survey andhare
obtaining results with large unacceptable errarsdirect positions of up to 160 m).

The situation we detected at Poike needs furthetystThe 40 m deviation, shown at the selectedrobpbint
in that area, may mean that some amount of rotatiatisplacement could be affecting the whole psuilin (or
part of it), in relation to the rest of the islangdhere much better results were obtained. The gapiic
transformations needed there (or alternatively sfiemmations needed in the area), will need a sitdpek
adjustment of all the archaeological sites locaionthe four quadrangles that cover Poike. Alkthsites are
topographicallv tied to a main traverse, with estens covering the entire peninsula.

Thus, considering:

a) that the original goals of the Easter Island Arciegical Survey were to identify, record and mag th
archaeological landscape of the island and othevaat aspects of the environment;

b) that for this purpose the original restitution loé island was enlarged twice its size;

c) that the size of a single point needed to symbdizerchaeological site covers approximately an are
of 15 m2;

d) the £ 0.02 in. (x 0.5 mm = + 2.5 m at 1:5000 scaegepted as cartographic tolerance for 90% of
horizontal positions by the USA National Map Acay&tandards (NMAS);

e) the dimensional instability of paper maps due t@anging conditions of humidity and temperature; and
f) the fact that the absolute method for calculatiogifpons by pseudo-ranging, used in nearly allGRS
"general purpose handheld" receivers, cannot madeliminate the negative effects of the ionosphere
troposphere, etc., and therefore precision of Hieutated positions cannot be better than + 10 &6+
m.
It is clear that the differential cartographic sérmation that we are carrying out to place thet&alsland
Archaeological Survey maps into the WGS 84 Refare®istem, ensures that mapped positions will mizteh
coordinates given by general handheld receiverthiwia range covered by the resolution of this kafd
equipment and by the limitations inherent to magalieg procedures.
The seven Helmert parameters determined by oungraphic approach may also yield precision withis sort
of practical tolerance in the transformation of eg sites coordinates to datum WGS 84. As mentiabede,

another approach is needed for the Poike regiorhwbould even yield a different set of parameterstiiat
area.

Notes

! |.e., McCoy 1976; Cristino & Vargas 1980; Cristindargas, & lzaurieta 1981; Cristino, Vargas, |zeiar &
Budd 1988; Vargas 1998; Vargas, Cristino, & 1zaari@006.

2 Servicio Aerofotogrametrico de la Fuerza Aeretide (SAP).
% |.e., McCoy 1976; Cristincet al. 1980; Cristino, Vargas, & |zaurieta 1981.
*This was made possible thanks to the financial stipyf Joan Seaver, PhD, California.

® Carried out by the authors and A. Huntley from@aklack College, California.
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® A datum transformation method that only considkees3D shifts between the centres of the involvépsalids.

" At SAP no one seems to know about this datum exoepts astronomical origin and its associatioithvthe
International Ellipsoid 1924 but, certainly, itrist the "Easter Island 1967".

8 Institute Geografico Militar (Chile).
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