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Martin Behaim

6.10.1459
29.7.1507

- from 1474 in Flanders
(Mecheln, Antwerp)

- from 1484 in Portugal
- 1485 portugese knight
- marriage ~1485-89
- 1490 in Nuremberg
- 1493 back to Portugal



Behaim Globe
1492

• Ptolemaic map image
Claudius Ptolemaeus 
<7<W<M<i<P<U<[<^<=<`<[<W<Q<X<M�<[<^
c. AD 90 – c. 168, Alexandria

• Details
– me. mappae mundi
– climata
– portulan elements
– inscriptions and

overwritings;
secular encyclopedic
texts



Behaim Globe

• more than
– 100 miniatures, ca. 50 banners, 15 types of coats 

of arms
– 50 long inscriptions (by at least 6 hands) 
– 2000 toponyms

• Diameter ~50 cm, laminated hollow sphere
• Paper, colorfully painted

– Georg Glockendon; Gagenhart (writer)

• Production: cf. final account of 1494
– collaborative product of the Nuremberg humanist 

circle
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Ptolemaic
map 
image



Behaim Globe / modern contours
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Ptolemy
(~1465)

From Canaries
to 
East Asia: 180:æ

from Northern 
Europe/Asia  (65:æ)
to 
Central Africa (-
15:æ)

(© Bellec



Ptolemy:
from Canaries
to East Asia
180:æ

Behaim: 
230:æ
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SW-
Africa



Henricus Martellus Germanus, 1490
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Ginea Portugalexe

Venetian copy
of a Portugese
portulan (after 1484)
ca. 1490

B.M. Egerton MS. 73,
No. 33
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Catalan Atlas

Abraham Cresques
1375

© BNF







Ebstorf World Map (Ed. Kugler, Erlangen)



John of Wallingford (1250): Climatic Zone Map

Very rare type:

Division of the earth
into seven “climata”
(zones of latitude):
“same angle of incidence
of sun rays”

Time difference of the
longest day
1/2 hour
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Encyclopedic Elements 
in Texts and Images

Sources (some explicitly mentioned): 
antique and medieval encyclopedias, travel reports
• Geography: islands, discoveries
• countries and peoples

– habits, clothing, nutrition, religion, government
• flora and fauna
• monsters, curiosities, wonders
• merchandise

– spices, pepper and herbs, exotic wood, ivory, gold, 
silver and precious stones 
.

Secular turn: „From the salvation road to the trading route”
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Prester king
John



Animals





Monsters



Islands

mythological: Brazil

Canaries



Islands:
mytho-
logical

Men
and
Women
Island



Canaries

(portugese
flags)

also:
elements of
celestial globes

equator
tropics
polar circles
ecliptic
zodiac signs

meridian
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Azores



Madagascar
and
Sansibar

Caravel in the
Indian Ocean 
before
Vasco da Gama
(1498) !!
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F
r
a

Fra Mauro, 1459

© Falchetta



Transcription translated (Falchetta)

• Around 1420 a ship, or junk, from India crossed the Sea of India
towards the Island of Men and the Island of Women, off Cape Diab, 
between the Green Islands and the shadows. It sailed for 40 days in a 
south-westerly direction  without ever finding anything other than wind 
and water. According to these people themselves, the ship went some 
2,000 miles ahead until - once favourable conditions came to an end - it 
turned round and sailed back to Cape Diab in 70 days. And when the 
ship came close to shore, the sailors saw the  egg of a bird called a 
chrocho which was the size of a cargo amphora; and the bird itself  was 
so big that from the tip of one wing to that of the other it measured 60 
feet, and it could easily lift up an elephant or any other large animal, 
causing great harm to the inhabitants of the land; and it was very fast in 
flight

G. Görz, FAU, Informatik 8



Cipangu
(Japan)



Cipangu

B&W
Fotos,
published
in 1943
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Digital Image Processing 
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Digital Reconstruction of Color

© TU Wien
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Cultural Heritage Experts ’
Information Seeking Needs:

(Amin et al., 2008)

Requirements for Support 

• Fact finding
• Information gathering

– comparison (of objects)
– search for relations (among information units)
– thematic search
– exploration (not goal oriented)
– combination (correspondences between information 

from different sources)
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Knowledge and Reasoning: 
The Epistemic Level

• Required:
Infrastructure for interactive and net-based 
cooperation

• Basis: standardized semantic indexing
• Knowledge modelling as a prerequisite
• Support of different reasoning modes

– analytic (deductive) : inference engines
– synthetic (inductive) : hypothesize and test



Cognitive Maps

• Structuring knowledge according to cognitive 
criteria
– strategies of perception, learning, memory, 

associative reasoning
• “In the last analysis all maps are cognitive 

maps” (Blakemore, Harley)
• Principle of georeferencing : organization 

and presentation of information
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Cognitive Maps (2)

• Problems in a spatial framework
– Where : naming; states/processes, 

direction, distance
– What : properties
– When

• Elements of an epistemological organization 
of spatial knowledge :
Description of the construction of maps 
by(primarily) qualitative criteria

G. Görz, FAU, Informatik 8



Classification and 
Comparative Catalogue of Places

• Semiotic–cultural access to georeferenced 
information

• Object classification: visual
– map image (“geo”)
– miniatures and inscriptions (“non-geo”)

• Types (classes) of objects with properties
=> class hierarchy

• Semantic annotation via conceptual model: 
formal domain ontology

• derived from reference ontology: CIDOC CRM
G. Görz, FAU, Informatik 8
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Behaim globe:
concept hierarch y



Inclusion of Inscriptions

Research:

Comparison
of different
historic
readings

Markup of
place names,
person names,
time specifications,
Events by means of 
linguistic
text analysis
(semi-automatic)



Associated Explanation (Hypertext)



Knowledge Representation 
with Description Logics

• Logical modelling languages to express formal 
ontologies and to process complex queries

• As expressive as possible with “classical”
semantics and efficient inference procedures
– correct : no false conclusions are drawn
– complete : all correct conclusions are drawn

• OWL-DL (“Web Ontology Language”) 
is a very rich description logic language
– W3C recommendation
– inference engines: Pellet, Racer, Hermit, …
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Inferences

• Satisfiability of concepts
as well as of the whole data base 
(consistency check)

• Subsumption : automatic classification
of concept and instance descriptions

• Correct instantiation (search)
• Realisation and retrieval :

answering complex, logically composite 
queries



Behaim Concept Hierarchy in 
Description Logics

• Modelling of maps
– Translation of original object-oriented class 

(“concept”) representation into a logical form
– First successful attempt with DL CLASSIC
– First OWL-DL version ready; verified 

(Pellet/Racer)
– From previous work: ca. 3000 catalogue entries 

(~70%)
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participate in

Actors Conceptual Objects

Physical Entities

Temporal Entities

affect

Types

refine

A
p
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el
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id
e n

tif
y/

na
m

e

location

occur atwithin

Time-Spans
Places

CIDOC CRM
Top Level Classes

© T. Gill
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WissKI: Layered Ontologies
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Integration Behaim Domain Ontology – CRM
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Inference with Erlangen CRM / OWL

• Access to information which does not result 
directly from the structure of the data base

• Semantic information in search:
Inclusion of the class structure 
(vs. “string matching”)

• Processing semi-structured data: Instances of 
the same class may have different attributes 
.

(in OWL-DL a concept describes the necessary and 
sufficient conditions of membership).
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Query Examples with Inference

• Examples
– What is the object at (X, Y)?
– Where are Nuremberg coats of arms?
– Which heraldic symbols are named?
– Which miniatures are in Africa?
– Which animals can be seen in Africa?
– Where are travel reports mentioned?

• User support: “Query Patterns”
(Constantopoulos et al., 2009) 
– abstraction into types of schematic queries

• Query forms …



Augmentation: 
Spatial (qualitative) Reasoning

• Cognitive dimension of georeferencing
• “Cognitive maps”: lifting from the cognitive to 

the epistemic level
• Formal (qualitative) representation of

– (abstract) regions
– their relative positions
– orientation
– distance
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Spatial Queries

• Queries
– Deictic: searching spatial properties of known 

objects
– Iterative: identifying unknown objects by spatial 

properties

• Spatial Properties
– neighbourhood, borders, interior and exterior of 

regions, 
– Set-based: intersection, containment, identity
– metric: direction, instance
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“Region Connection Calculus ”
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Topological regions:

DC     disconnected from
EC     externally connected

to
PO     partially overlaps
EQ     is identical with
TPP    tangential proper 

part of
NTPP non tangential

proper part of 



Spatial Reasoning

• Topological queries
– identity (EQ), disjointness (DC, EC), 

overlap (PO), containment (N/TPP/I)
– answering by lookup in relation table

• Orientation
– primary object – reference object – reference 

system
• Distance: absolute or relative scale
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Integration of Conceptual Model 
and Spatial Reasoning

• Modelling of maps: concept hierarchy
• Extension: hybrid reasoning

– geometric model: topology and orientation
– modified data representation (polygons)
– spatial reasoning

• Technical implementation: 
– spatial concepts and properties as abstract data type 

(“concrete domain”)
– algorithms for topology, orientation and distance: spatial 

inferences 
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Integration with Description 
Logics

• Hybrid queries (first implemented w/ CLASSIC)
– Which geographic regions lie within Africa?
– Which regions are south of the Azores and 

west of the Canaries?
– What is east of the Black Sea?
– Which cities in the continent of Asia are closer 

than 50 units east of the Caspian sea?
• Next step: Reimplementation with OWL-DL

– “Pellet Spatial” extension
– Spatial query interface
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