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SummaryP t o | eGeggiaphyprovides latitudes and longitudes for ove®@@® loa-

tions known in his time in the ancient world. Unfortunately, many of the coordinates that
were chronicled at that time are known to repreadfistortedvziew of the world. We -

vide a window into Ptolemy's world by systematically converting the ancient coordinates
into their modern equivalents and then loading them into modern GIS tools such as
Google Earth. We present our methods of estimatingetpgiredadjustments along with
anoverview ofour data flow andn initial application of the methods on the data from
Book 7 of Ptolemyds work, covering thhe I ndian
east Asia. By using existing research on locations for which we do know the modern
equivalents, we develop a mathematical model for estimating the coordinates ef the r
maining ones, providing a comprehensive conversion of the ancient data set. The end r
sult and value added by this work is a previously unavailable picture of Ptolkno/s

world' developed using the same tools we use to better understand our worldstbeay
stantially increasing our ability to understaneny aspectsf our cultural heritage

Introduction

Pt ol eGengrdphyprovides coordinates for ovef0®0 placesn the ancient worldialong with
descriptions andelatedcontextual metadata. Combined with other historical sources such as the
Periplus of the Erythraean Sd&choff 1912) this remarkablecartographic datasgtrovides an
image of how the ancient world looked lil@ntributes tamprovedunderstanding andppreca-

tion of our shared cultural heritage and enables further correlation of other ancient datasets
throughgeospatial association

Unfortunately Ptolemywas constrained by th@artographic and information technologasila-

ble to himat the time of his workThe voluminouscataloghe producedvith its degree of detalil

and accuracy isbsolutelyimpressive but the misunderstandings of the true shape of the world
that it reflects substantiallylimit its usefulness as modern geospatiaieference Considerable
efforts areneededio compensatdor errors andmnisunderstandingsinlock the wealth of infa-
mationthe bookcontains andnake it moredirectly accessiblen a modern context.

In particular, this applies to India, a unique treasure trove for conventional and digital avehaeol
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This estimate is based on the transl at (2a06). WetookPt ol e my
their place database file, filtered out records that did not list Ptolemy latitude and longitude as well as those with

a duplicate ID and arrived at 6,331 distinct places complete with their coordinates.
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Figure1.Thi s map shows our combined known and unknown |

before the Ganges using the triangulation approach. The labels shown are the original Ptolemy names translated into English.

This article reporten our results achieved so faiguret3 providea visualrepresentation
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Figure 2. This

map shows our

combined

known and unknown

South part of India before the Ganges using the-giidationapproach. The labels shown are the original Ptolemy names

translated into English.
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Figure 3. This map shows our combined known and unknown |

before the Ganges using the triangulation approBoh labels shown are the original Ptolemy names translated into English.

The work

presented

her e

f ocuses

on | ndiea, whi

cially Chapters 1 and 4.UD eventual goails publication of acomprehensivenodernversion of
Pt ol ecatalogthat will provide either exact or approximat@odern coordinatefor every
place for which Ptolemygives usancient coordinateBBy providing such a dataset and eorr
spondingGIS asset, wewill enabé explorationand visualization of the ancient worild ways

[16]

(o]

C



e-Perimetron, Vol. 11, No.1,2016[13-34] www.e-perimetron.org | ISSN 1798769

thatare currently not possible.

This paper is organized as follows. First we review the literature we exphaieding the sur-
viving transl| at iaodthar assdciat&tonomertaryy Nest wdisousslar tools
and workflow and how thesupportour effort. After that we discuss the models we applied to the
places for whiclwe do have modern coordinatespredictthe coordinates of thethers We next

talk aboutthe overall dataseand how weadeterminedvhere to place thivcationsthat we consl-

er as known. Then weportthe results of the effodnd providesample visualizations in modern
tools along witha brief analysis of theelative accuracy of the models applied. Finally, pre-
sentour conclusions andiscusspotential future work.

Literature Review

St ¢ckel berger and Grasshoff (2006) provide the
Pt ol eGeogrphybut unfortunately for usit is only availablein German. Sincenone of the

four coauthors speak flue@erman this made it difficult to uséhis workother than as a source

for names and coordinates from the catalog. However, this turned out to be sufficiesttéor

make substantial progredsurthermore, once wiearnedthatSt ¢ c kel ber gepro-and Gr
vide an easily accessibldatabase on the CD accompanyingrttok, we were able tgreatly

accelerate ouwork by avoidingmuch of the scanning and parsitagksthat we had originally

anticipaed St ¢ c kel b e r g esuggesmadderGnmames fmhaayf ofthe placeslescribed

by Ptolemy but their coverage istronger for other regions than for Indéand theg provide only

the modern names, not the modern coordinates

McCrindle (1927) fillsinmap of t he gaps St ¢ deawebylprevidggar- and C
other sourcethistimei n Engl i sh, of all of Ptol emydé&s coor
videssuggestions for many additional mode&@mesalong with a description dfis sources and

rationale for eaclechoice However, here again only the names are provided, not a comprehensive

set of modern coordinateBhe sourceas not available in machireadable form, so we attempted
automated scanning and parsitipfortunately, wefound thathuman understanding of thau-

ances of the datawasrequired to turrMc Cr i nddstriptidrs into usable modern coordinates

for the placesve considezd known We developed tools to hetreamline the processd were

able to make it through a | arge portion of Mc
nates.

Berggren and Jones (2000) provide an excelgglishtranslation of the firsbooko f Pt ol e my 0 ¢
Geography which is important because dbversthe theoretical material. Thiselpedus gain

deeper insight into some of the rationale and methods Ptolemy used in coming up with his original
estimatesand develop bettarnderstandingf his major errorsRegretfully, this valuable source

only providesfull coverage of thisnebookand unlike McCrindle does not help us understand

much of the specifics about India or the rest of the catalog.

Stevenson (Ptolemy991) attemmdt o provi de a compl ete HEeglish
ography but histranslation is known to contain numerous major flf®gler 1935) He does
howeverprovide a translation dhe entire catalog, so while it must be used very cautiously and
compared against other sources, it is still somewhat us&tule ve ns o nidbkse wMa &r iirsd |l e
for us in that it also requires digital extraction efforts.

There have been severalteworthyattempts at the reconstruction of different regions of the a

%t also contains the original Arent Greek text from the source manuscripts.
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cient world based on the data from Ptol emyds G
Strang (1998) divided Ptaley 6 s poi nts for Britain into grou
scales and several spatially Rimersecting rotation groups in order to account for the turning of
Scotland and other distortions observed in that region. The modern map contours were then
warped to superi mpose them over Ptolemyds poin
of Ptolemyds map of Britain in Ptol emydcs own |
tion is |l ess illuminati ng irtohmodernprbjectores. t hat r e ma
Lacroix (1998) applied conventional linguistic and toponymic analysis of Ptolemaic maps to the

di fficult task of reconstructing all of Ptol en
Berggren and Jones (2000) presented a nearly completee onst ructi on of Pt
(Celtogalatia) bymeans ofexplicitly listing most modern locations corresponding to the ancient

ones. Unfortunately, this reconstruction was not visualized.

Wi despread gener al r e c o g n isiting of Ptolenfy's repinesentatiens,d f o r
especially the regional tabulae, Iin terms of g
i mportant works that dealt with Ptolemyods dat:
2006a).

Manoledakisaed Li vi eratos (2007) wused Ptolemyods dat s
Aegae, an ancient capital of Macedonia. Their technique of approximate localization is based on
transplanting Ptolemyds azi mut hs adustingthemlae mode
needed.

Tsorl ini (2011) provides a thorough cregioml ogue
anda methodologyeriving modern coordinatesSincelndia is not included, the catalogue was

not usable for our work herelowever, n our future work we hope to companeethodologiesor

deriving modern coordinates

From the more general historical perspective of application of mathematical methods to similar
problems, it is worth noting thaégression analysis (Draper aBthith 1998)hasbeen applied to

old maps sinc&obler(1966) derivecequations to relate the medieval Hereford map to an oblique
Mercator projectionWhile providing a review of other publications devoted tortr@hematical

analysis of ancient maps is beyond swmpe of this paper, we additionally refer the reader to
(Ravenhill and Gilg 1974), (Plewe 2003), (Tsotsos and Savvaidis 2003)zaksef 2011

Tools and Workflow

We developed a number of tools and techniques in this work that may be useful resthen-
ers. This section describefese tools andassociatedvorkflow organized as fivalistinct func-
tional areas: scanning, data import, KML generation, geocoding, and visualization.
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Figure 4.This figure shows a screenshot of Google Earth with the triangulation output KML loaded. We load the Ptolemy
coordinates as they are, even though the coordinate system
is useful for visuakation, because it is visible in the same frame as the modern coordinates. In this frame, we can see the
modern known and unknown locations on the left over the real India, and the Ptolemy coordinates to the right over the Paci
ic Ocean. We found it mosiseful for debugging and further point identification to label the points consistently with the ID
system used in St¢gckelberger and Grasshoff

Scanning

Given thedataintensivenature of our problem, one challenge we facediwasanningand pas-

ing thevarious source texts weeededo use. To this end, we developed automated workflows
based on Tesseract (Smith 2007) and ABBYY FineRe@g®BYY 2015), scanners and scanner
automation libraries, and custom parsers to extract data tables from raw recognized text. While
this added some value early on in our process,ewentually determinedthat the machine
readable databasecludedby St ¢ ¢ k e | bGrasshadfwassafiicient for our initial work We

need futuramprovementdn this areaas there are tablesd other dat&n source texd such as
McCrindle that we would like to incorporate into our algorithms and make avai@béasy ré
erencdan ouroutput and visualization tools.

Data Import

We developedsoftwaret o read the data on the Stg¢igcdkel berg
rithms. St ¢ c k el previdegorirr maiadatdfiless plaaes, cdtagdriés, people, and

realities howeverso far we only needplacesand to some degreeategories for our work. Tran

lation remains a challenge for biere Like the book, he data on the CD is all in Germd&iven as

we would prefer it to be in Engliskye recognize thdbr any language wehoose for our output

many members ajur international audiencgould face a similar problem. Therefqr@ addition

to translating the data from German to English,alg® intend tanake our results available as

manyother languages gmssible Otherinternationalization issuesuch as determining the reo

rect file encodings for readingvere worked through somewhat painfully and taught us to take
special precautions as weove towards publishing our data
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