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Abstract 

Like Sleeping Beauty, archaeological publications sleep deeply within our archive libraries. 

Due to the abundance of these publications, it is often only possible for the individual 

archaeologist to have a very limited overview of the archive, and even then things are 

overlooked again and again. Now this is where our Image Database Montelius comes in, 

which has taken up the task of collecting all pictures ever publicized from archaeological 

materials. To date about 960.000 images have been collected, as well as 1.157.358 datasets 

from all databases. 

With our "Know How" and software, for the first time it is possible to evaluate findings and 

find materials of whole archaeological cultures together. If  the image database is ready for a 

site or a group of sites or a whole culture it is possible to create typology with 

MonteliusEditor 100 times faster than with conventional methods. If typology has been done 

you only need to press a button to make evaluations with program package WinSerion. 

GoogleMapper allows localizing all archaeological sites by their address and making maps of 

many different subjects. 

So far data in the following areas in the field of Prehistory and Protohistory with Montelius 

were collected: Prehistory and Protohistory, Medieval Archaeology, Classical archeology, 

Human Biology = Anthropology, Palaeozoology, Palaeobotany, Mineralogy and Geology, 

etc. More than 100 students and colleagues were involved. 
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Introduction . 

Latest addition: We've now added new databases to Image Database Montelius, which can 

be used in the same way as before only Montelius: 1) The database of the Department of 

Prehistory of the Museum of Natural History Vienna with about 100.000 datasets. 2) A 

database of radiocarbon dates containing currently 21.000 datasets. These databases 

themselves have no image information, but many images of Montelius can be interlinked 

with these datasets. All the sites of these databases are joined with all Montelius sites, so 

everything can be mapped with GoogleMapper. 

Like Sleeping Beauty, archaeological publications sleep deeply within our archive libraries. 

Due to the abundance of these publications, it is often only possible for the individual 

archaeologist to have a very limited overview of the archive, and even then things are 

overlooked again and again.  

Now this is where our Image Database Montelius comes in, which has taken up the task of 

collecting all pictures ever publicized in archaeological material. Since this task cannot be 

completed overnight single-handedly, we have set up "research areas" for ourselves which are 

determined by our own interests and through cooperation. First, for the "Avar period," we 

were able to build an image database in which all publications that were available to us were 

collected using finds from the whole expansion area of the Avar region. In addition, we tried 

to include continuously appearing publications in this database, so that about 300.000 images 

of archaeological finds are currently managed in this data collection. More information about 

the Avar database can be found here (status from 2004): 

http://hw.oeaw.ac.at/3508-4 

In the meantime, we have expanded this image database to include the early history period 

(i.e. from the last third of the 4th century to the 12th century AD). This data inventory is not 

yet complete, but it currently holds 630.000 objects.  

The considerably larger data sets shown in the prehistory category is not entirely due to its 

much longer duration. Thus we were forced here to select sections that are primarily of 

greater interest to us. Our excavations of the early Neolithic settlement of Brunn Wolfholz, in 

which a settlement under a strong Starļevo influence developed from 5700 BC to a purely 

(classic) Linear Pottery (Linearbandkeramik) settlement at about 5400 BC, significantly 

inspired us to include the Early Neolithic into the Image Database Montelius. Our 

cooperation with Univ. Doz Dr. Eva Lenneis has also contributed in the analysis of the LBK 

sites of Strögen, Neckenmarkt, Rosenburg (all three of which have already been published) 

and Mold (the first volume is already published). For 14 months, a Lise Meitner fellowship 

from Dr. Nadeģda Kotova has not only advanced the study of the pottery from Site 2 of 

Brunn Wolfholz but also that of our image database. Currently Montelius is promoted by a 

Marie Curie EU-project for Nadeģda Kotova, which started on 1st of May 2014 and will last 

for two years.  Thus, important cultures like Starļevo, Kºrºs-Criĸ, Linear Pottery and Alfºld 

Linear Pottery are at the center of our attention. Currently 240.000 entries already now exist. 

Another research focus lies in the area of the Early Bronze Age, a part project that we have 

initiated together with Johannes-Wolfgang Neugebauer, due to his highly successful 

excavations in Traisental which are of enormous importance for Central Europe. In the 

http://hw.oeaw.ac.at/3508-4
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meantime, we have made about 40.000 entries for the Unterwºlblinger group and the ĐnŊtice 

culture from eastern Austria and neighboring countries. 

Due to the cooperation with Univ. Prof. Andreas Lippert in the analysis of the Urn field and 

Hallstatt period cemetery at Bischofshofen Pestfriedhof (already available as UPA dual 

volume 165) and of Dr. Michaela Lochner and Dr. Edeltraud Aspöck in the investigation of 

the Urn field period cemetery at Franzhausen Kokoron, a UK and Hallstatt image database 

was created which currently holds about 58.000 entries. This was also continued in 

collaboration with Dr. Bettina Glunz Hüsken for the recording and reconstruction of the 

original find complexes of the cemetery of Hallstatt. This Hallstatt database serves as the 

basis for their research project: "Untersuchungen zur religiösen Symbolik in reichen Gräbern 

der früheisenzeitlichen Nekropole von Hallstatt, Oberösterreich" (Studies on religious 

symbolism in rich graves of the Early Iron Age necropolis of Hallstatt, Upper Austria). It is 

supported with the means of the Deutsche Forschungsgemeinschaft (as of 1.10.2010) and is 

located at the Institute for Archaeological Sciences, Department of Prehistoric Archaeology 

(Prof. Ch. Huth), Albert-Ludwigs-University of Freiburg. 

http://www.winserion.org/Hallstatt-Demo/ 

The complete literature so far covered, as well as the latest processing status, can be viewed 

here: 

http://www.winserion.org/Literatur.xls 

Input with MonteliusEntry . 

MonteliusEntry is the input program and image processing program for image separation. In 

our publications we always have drawn or photographic plates in front of us, which all are 

collections of figures. For the typological classification of objects, it is necessary that there 

are images of individual objects in the image database. To follow the way from scanned 

sheets to the individual images, the images of individual objects are marked and cut with one 

of our specially developed image-editing programs. A further development is the automatic 

image separation, but it is still in its infancy. Also very useful will be the automatic image 

recognition to assign the images of objects to their functional types in the future.  

In addition to saving images of individual objects, informations about the depicted objects are 

also entered, the important information which cannot be already determined from the images. 

If the site name already is known in Montelius it can simply be selected from a dropdown list. 

Information about a coarse typology for each object may be selected from a multi-stage 

thesaurus. The input has been continuously improved since 2000, so that today a trained 

employee can enter about 100-250 items per hour. 

http://www.winserion.org/Hallstatt-Demo/
http://www.winserion.org/Literatur.xls
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The following figure shows the input mask. 

 

Figure 1: Data entry with MonteliusEntry, Avars. 

In the next picture you can see the mask with the information filled in for a Germanic comb 

from Thuringia. 

 

Figure 2: Entries with MonteliusEntry. 
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A module of MonteliusEntry is MonteliusImageAnalyzer, which should accelerate the entry process in the future. Figure 3 left shows a plate of 

the Avar period cemetery at Zamárdi, Fig. 3 right shows MonteliusImageAnalyzer with identified individual red marked objects, yellow grave 

designations and blue object numbering. These texts should be automatically read by an OCR. But this is a future development! 

  

Figure 3: MonteliusImageAnalyzer, plate before and after the analysis. 
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Concept of the Image Database Montelius. 

This database concept is based on the archaeological publications, catalogues and plates of artifact assemblages. These are scanned and broken 

down into the individual objects by image processing. On this basis, semiautomatic plate types are produced. In the Image Database Montelius, 

the typology can be created by "drag 'n drop" on the screen. From entries to the typology creation is a laborious process and can involve different 

people, as is shown in the following figure: 

 

Figure 4: Diagram illustrating the teamwork of various specialists to create an Image Database Montelius. 

Montelius" will be explained briefly below. Figures 5 and 6 show in a scheme format, how pictures are entered into Database "Montelius" and 

how evaluations that take place on this basis can be performed. In Figure 5, one starts from the material publications, either monographs or 
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articles. The plates which show mostly find complexes are scanned or are already available as pdfs, and then separated by means of image 

processing to images of individual objects. Each find object is described by filling out the form in the input program MonteliusEntry. Editable 

thesauri allow doing a standardized input. On the other hand, the publication is also a source of additional information, which can be cataloged, 

together with the images of the artifacts. Based on the "Montelius"-part of our program package WinSerion, the images can then be shown either 

in the complex mode or typological mode. In addition, any definable other views are possible. 

Figure 6 demonstrates the possibilities of WinSerion after entering the data into the database and after their typological order. WinSerion allows 

different types of seriations to visualize relationships in the considered archaeological material. Simple seriations as Petrification or Reciprocal 

averaging up to the Correspondence Analysis, calculate chronologies based on the find complexes and the archaeological chronologically 

relevant fine typology. In addition, the correspondence analysis based on the functional types is an important tool for the implementation of 

gender studies. These allow additions to the separation of men and women complexes in the best case, such as the separation of artisan groups or 

ethnic groups, which will  be executed further below. Also the use of local or global base maps gives the opportunity to perform feature mapping 

by means of an embedded WinSerion geographic information system (GIS), using Google Maps. 
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Figure 5: Scheme for creating an Image Database Montelius, starting from the publications. 
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This typology is available for further analyses, such as seriation or an analysis of the N Nearest Neighbors. The advantage over a conventional 

typology is that it can be created about 100 times faster with Image Database Montelius. The Image Database Montelius is intended for use in 

scientific work, such as diploma dissertations, master's theses and particularly for doctoral and Habilitation dissertations. 

Typological features with image browser and "drag 'n drop". 

Â The input of an object took an average of 60 seconds. By using new programs (MonteliusImageAnalyzer etc.), this could still be 

significantly accelerated. 

Â The search for parallels to an object takes about 30 seconds (compared to weeks of searching in the library). 

Â The assignment of an image to an existing model requires only a few more seconds. 

Â A new type is easily created by making a new folder in MonteliusEditor with an appropriate name. 

Â An existing type can be easily split into two sub-types. 

Â The main advantage over conventional typology is that the work process is accelerated about 100 times.  

Â Thus, with 775,000 objects, much of the Protohistory of Central Europe was able to be recorded in the last 12 years. 

Â A portion of this (about 200,000 items) has already been ordered typologically. 
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Figure 6: Scheme of the possible analyses based on an Image Database Montelius. 
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Program PDF2Tiff. 

Program PDF2Tiff converts a folder of PDF-Files automatically to Tiff-Pages. The resolution default is 300 dpi, but there are other resolutions 

possible, between 200 and 600 dpi. These tiff-Files are used as input by MonteliusEntry. 

 

Figure 7: With PDF2Tiff a folder of PDF-Files is automatically converted to Tiff-pages. 
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MonteliusFunctions. 

This is the tool for the database administration. 

It allows the following totally different functions: 

1) Check that all images are present in the data sets. 

2) Check that there are no orphan images. 

3) Check that all the images are not corrupted. This is done by loading all the images in an image editor and checking whether this operation was 

successful. 

4) Create various lists, such as supplementing the list of site names by new localities, for which are then automatically provided coordinates by 

MonteliusEntryGoogleCode. 

5) Export of records after filter specifications. 

6) Export of images after export records. Exports can be created as a separate image database Montelius on the users' computers. 

7) Global corrections for sites and quotes, adjustments in a table are transferred to a list of corrections and automatically applied to the entire 

database and transmitted synchronously to the image structure. 

8) Creation of the current statistics on the individual cultures, users and charge etc. 
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MonteliusEntryGoogleCode. 

This is the tool for the automatic determination of the location coordinates using Google Maps API. In this case, an address is sent to Google 

Maps, for example: 

SI Krain Novo Mesto Mirna Peļ Hmelļiļ=Rudolfswerth Hºnigstein Hmelļiļ 

In the leftmost field is the Internet code SI for Slovenia, the Krain region and then the location address. Only the current address in the (left of =) 

Unicode format is searched. The geographical names in the address are arranged from the largest geographical unit on the far left to the smallest 

unit right hierarchically. First it checks whether the entire string from the Google Maps API is detected. If this is not the case, the right-wing 

locality names, mostly place names, which Google Maps does not know in general, are eliminated. Then the search is continued with the 

remaining string. The process is continued until either a localization can be done or the assignment was terminated unsuccessfully.  

This is basically the spelling of a locality name in the local language preferable because the transliterations are often ambiguous and are not as 

well-found by the Google Maps API as the original names. The following place names are for example already in the database: 

CN   =Ordos 

The Chinese name is recognized by the Google Maps API better, as opposed to transliteration. 

GE   ˭˧ˮ˰ˮ˷ˮ=ʊʙʠʣʠʩʠ=Tbilissi=Tiflis 

The Georgian name in Georgian writing is on the far left in the address field, followed by the Russian transcription, then two transliterations to 

German. 
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SY Homs ЉгϲHoms=Emesa= 

Here is an example from Syria with the right-to-left original letters in Arabic.  

Currently in the database there are about 60.000 localities, of which 0.5% could not be located. That of course is not to say that all other 

localities were arranged properly. A control can be given by GoogleMapper, where, for example, the countries, to which the sites belong, can be 

checked in the mapping by countries. If there is a locality in the right country that does not automatically mean that it has been properly 

localized. The better the hierarchical address string is detected, the more likely the correct locality is located. Correct addresses with street and 

house numbers allow the most accurate localizations, which are only possible in the area of villages or towns. So all the locations have different 

accuracy, but this is not of great concern for large space mapping. 

ExportMaps 

Currently this program produces three kinds of maps, which later can be loaded in GoogleMapper: 

1) By Culture: For all cultures in Montelius separate maps are produced. If cultural groups are defined in file 

MonteliusEntry.Culture_Mappings.xls, more maps than that can be produced. They are mapped together with different symbols and with 

a legend showing all the cultural names. 

2) By Quote: For all publications available in Montelius different maps are produced. This is very useful, if the location of sites for newly 

entered publications need to be checked. 

3) By Country: It may also be necessary to check these maps to see if a site was found in the right country. 
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Acquisition statistics. 

 

Figure 8: Acquisition status for Prehistory, as of 04.04.2014. 



14.06.2015 

19 

 

 

Figure 9: Acquisition status for Protohistory, as of 04.04.2014. 

So far, a total of 960,000 objects have been registered and controlled. 
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Typology with MonteliusEditor. 

These entries into an Image Database Montelius are essential for a quantitative analysis. In between, there is but a single step, namely the 

creation of (fine) typology! With our newly developed program MonteliusEditor, it is now possible to create this much more quickly than was 

previously possible with conventional type tables (on paper). All the participants of our software seminars held by us in Vienna, Budapest, Graz, 

Munich and Nitra, soon also in Brno and Tübingen, have seen how fast one can create a typology here by simply dragging and dropping (drag 

ón drop) images with the mouse into newly created folders with descriptive names. The following are examples of different typologies: 

 

Figure 10: MonteliusEditor with view of the typology. Early Neolithic idols of Brunn am Gebirge Wolfholz site 2. 

 



14.06.2015 

21 

 

 

Figure 11: MonteliusEditor with view of the typology. Merovingian period bird brooches. 
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Figure 12: MonteliusEditor with view of the typology. Avar and Merovingian period ornamental discs, lightning-like decorated stars. 
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Figure 13: MonteliusEditor with view of the typology. Avar and Merovingian period ornamental discs, depictions of lance rider.
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In Figures 9-12, types created with MonteliusEditor are shown. Their arrangement can be 

achieved using MonteliusEditor and drag 'n drop to place into the correct, previously created 

folders, which can be given descriptive names.  

Results with WinSerion. 

As shown in the diagram above, the entries can be used in the image database to create the 

typology for various analyses. First, we have a collection of seriations: 
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Figure 14: Seriation of Avar period male burials. 

Each point corresponds to an object. More than 3600 types are arranged in the columns and 

more than 4000 find units are arranged in the rows. 
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Figure 15: Seriation of Avar period male burials, presented in Eigenvector form.  

Thus the find units with the same types are not next to each other as in the previous image, 

but rather they are superimposed on one another. This leads to stronger clusters in some 

places. 
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Figure 16: Representation of the eigenvectors of the seriation results of Avar period male 
burials in 3D. 

The resulting peaks were named with the given chronological phases. 
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Figure 17: Avar male graves, correspondence analysis with the entire data set, find units. 

Each triangle corresponds to an archaeological find unit. The larger the triangle, the more dated find material is included in the assemblage. The 

arrangement in the shape of a parabola shows the course of time, the beginning is marked as "Beginn", and the end as "Ende". In the top right just after 

the beginning, there are two particularly large adjacent triangles. These are the Khagan grave of Kunbábony and the princely find of Bócsa. Contrary to 

former ideas, these two assemblages date to the beginning of the Avar period, probably before 600 AD. 
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Figure 18: Seriation of Avar female graves, correspondence analysis with the entire data set, find units. 

Here, instead of one parabola, there are two. Particularly in the early Avar period shown on the left in the graph, the find material is separated into two 

very different branches. The upper branch has Merovingian period jewelry, while the lower branch mainly has female jewelry of Byzantine origin. The 

upper branch can thus be interpreted as Germanic women in the Avar region, and the lower branch as Avar and Slavic women. The branch of both 

parabolas on the far right shows characteristics of Slavic female burials of the 9th century. 
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Figure 19: Correspondence analysis of functional types of the Avars. Separation into male and female graves. 

Each triangle corresponds here to a functional type, which explains for what it has served. The closer two triangles are to each other here, the more 

often their corresponding functional types occur together in the same assemblage. The blue marker on the above right shows the features that are found 

in women's graves. Highlighted in orange on the lower left are objects that occur mainly in men's graves. The white area in between shows objects that 

can occur in both men's and women's graves. 
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Figure 20: Correspondence analysis of functional types of the Avars. Separation into ethnic groups and goldsmiths. 

On the left below you can see two different sized triangles for quiver fittings (small) and bow fittings (large). The two triangles overlapping each other 

has to do with the fact that whenever a quiver fitting was found, bow fittings were also present, but not vice versa. Of the quivers, parts have only 

survived if they were carved from bone or decorated with metal fittings. The simple bark quivers leave no trace. The purple group on the bottom right 

corresponds to functions that occur only in Merovingian cemeteries, such as a spathae, shields or belt strap-ends made of iron. All objects found in this 

group thus indicate Germanics in the Avar region. Directly above are groups of features that can be placed in connection with goldsmiths, such as the 

anvil or ñPreÇmodelò. Since this group is close to the Merovingian male features, it can be assumed that they are Germanic goldsmiths. The yellow 

group to the left now includes the features that can be associated with the Avars, such as bow accessories and plait clasps as well as various riding 

accessories. 
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Figure 21: Comparison of two different absolute chronologies for Avar period. 

Along the X-axis are the years 530-830 AD. Along the Y-axis are the sequence data, which provide information on the seriation sequence with 

numbers between 0 and 1000, where 0 marks the beginning of the Avar period, and 1000 marks the end. The black curve shows the position of the 

coin-dated grave assemblages, with coins of Justinian I, Justin I, Maurikios Tiberios, Phokas, Herakleios, Konstans II, Konstantin IV up to Justinian II 

and Leo II. The assemblages that contained these mostly uncirculated coins were properly positioned in the seriation in ascending order. There were of 

course differences, the standard deviation of which is indicated by the vertical lines through the filled circles. After Konstantin IV no more coins 

reached the Avar region from Byzantium, since from 626 the influx of coins in the form of tribute payments had been discontinued. 

The red curve represents 14C-dating of assemblages. Here, human collagen from the bones was extracted and dated. The red curve shows a clear shift 

in the absolute dating of the same or similar assemblages. What is the reason for this? Human collagen is built up mainly by the age of 25-30 years, 

with carbon originating externally. In the later years of life, collagen is rebuilt further; however it is done without the absorption of carbon from the 

outside and with only the rebuilding of old collagen from inside. Thus, with bone collagen dates particularly from young people less than 25 years the 

time of the death and from older people above 30 years always only the 25-30 age range. This time is also the period in which most grave goods were 

acquired. Thus, the grave goods of a grave are best determined by 14C. The time of the burial, however, is determined by the other curve, namely 

through coin dating, as these coins mostly come from the last or the final years of the deceased. 
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Figure 22: Distribution of Avar period belt fittings. 

In the top right is a so-called pseudo buckle that served the early Avar period "Khagan" from Kunbábony as a belt fitting. Underneath are golden belt 

fittings from the treasure hoard of Erseke that were possibly produced in a Byzantine workshop at the beginning of the late Avar period. Below is 

shown a heraldic-shaped belt fitting with a griffon with four legs, which is characteristic of the advanced late Avar period. The distribution of the Avar 

period belt sets shows that these were equally used throughout the range, i.e. by all ethnic groups in the Avar region. Concentrations around Szeged 

and Szentes indicate the location of the center of Avar Empire; the concentration in the Vienna Basin possibly gives a clue as to the location of the 

second Avar Khaganate. 
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Figure 23: Distribution of comb stamp in the Avar Empire. 

Comb stamp is a characteristic decoration of middle to late Avar period vessels. It can occur as herringbone, in an S-shaped arrangement or simply as 

vertical lines. It is notable for these types dated to the middle Avar period that they are concentrated, with a few exceptions from the area of Pécs, in 

the Northwest group of the Avar Empire. 
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Figure 24: Evaluation of all ceramic characteristics of about 10,000 pots as grave goods in an analysis of the N Nearest Neighbors. 

This is a combination map that attempts to summarize similarities between hundreds of ceramic characteristics. The red lines attempt to define 14 

characteristic groups. The groups 10, 11 and 12 correspond to the Northwest group of the Avar region. This might have been a part of Samoôs Empire. 
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Figure 25: Analysis of the N Nearest Neighbors on the basis of cast belt fittings of late Avar period. 

The investigation of all the characteristics of late Avar period cast belt fittings shows a similar result as before, likewise in an analysis of the N Nearest 

Neighbors. Thus, the 14 groups seem to correspond with different workshops areas in both ceramic and also cast belt fitting production. 
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Figure 26: Distribution of the so-called Merovingian ornamental discs in the Avar region. 

These ornamental discs were worn by women on ñchest hangersò. These Germanic women were either probably Suebes or Gepids. The main 

distribution of the early Avar period is in the area of the former Pannonia, where the cemetery of Zamárdi on the Balaton seems to have been the 

starting point, with about 140 examples. The individual pieces found in many cemeteries indicate a female exogamy, i.e. the marrying into other 

communities, in which the wearing of these disks was not common. From the middle Avar period the cemetery of Tiszafüred began, in which even 

more disks were found, numbering 154. It is therefore likely that a group of Zamárdi people around 630 A.D. emigrated to Tiszafüred. 
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Figure 27: Distribution of early Avar period calf binding strap-ends. 

Calf binding strap-ends as shown here belong to respective buckles of the so-called calf binding (Wadenbindengarnituren) or shoe fittings 

(Schuhgarnituren), which were worn by both men and women. These examples from the Avar region fully correspond to their Merovingian 

equivalents. The concentration in the former Pannonia indicates that they were used by Germanics in the Avar region. 
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Figure 28: Distribution of early Avar period Spathae. 

These "Germanic" long weapons come from cemeteries in the former Pannonia, from the Tisza, the original settlement area of the Gepids and from the 

second Gepid settlement area in Transylvania. 








































































































































































































































