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Abstract

The Miller's map of Bohemia is an exceptional nragtee of the Czech cartography.
The map was created in 1720, firstly printed in 37&s author Johann Christopher
Muller was an Austrian military engineer and greattographer. After working out the
map of Hungary (“Mappa regni Hungarie”, 1709) aheé map of Moravia (“Tabula
generalis Marchionatus Moraviae in sex circulogs#ia”, 1712) he started to work on
his most famous map of Bohemia. The map is priote@5 separate map sheets, every
557 mm wide and 473 mm high. After joining thesetises we get the image of
Bohemia almost 2.5 meters high and 3 meters wiaeloubtedly it is the largest map
created by a solitary cartographer in the CzectotyisRecently the original prints of
map sections of the Miller's map of Bohemia weanged in the Central Archives of
Surveying, Mapping and Cadastre of the Land Su@#ice in Prague. As we at the
Department of Mapping and Cartography at the CZesthnical University in Prague
have broad experience with early maps analysingdesded to make a thorough
research on this map using digital technologiesstliyiit was necessary to create the
seamless image of the whole map. Every map sheetramsformed to its original size.
That was essential for reducing the paper shrinkagedistortions caused by scanning.
As we wanted the map sections to precisely fithie ¢orner points we used projective
transformation, which gives zero residuals. Aftezrging all transformed sections we
obtained the large image of the map. Notice thatrtbn-compressed data volume of
this image has exceeded 2 GB. Although the coraent$fit precisely, other points on
the edges were somehow distorted. The adjacenseudge slightly shifted or bended.
We had experienced the same problem analysing tiee®8 map of Moravia before.
IDW (inverse distance weighted) transformation ted £dge points had been tested to
eliminate these errors. Due to minimal errors am ain part of the Muller's map of
Bohemia, we finally kept the images after projeetivansformation. The cartometric
analysis of the map consisted of determining ofcm¢ographic projection (if there was
any) and the scale of the map. As the Miiller's ofapohemia has a geographical grid
marks on the map frame we used it for that purpd¥e. approved that the used
cartographic projection could be normal aspectyihdrical projection equidistant in
meridian with two standard parallels. Questionabline fact, that the geographical grid
was added to the map at the end of the work andnloaselationship with the
cartographical content. The scale of the map casebermined by three basic methods:
measuring the graphic scale bar, measuring selektenvn lengths and using



transformation with GCPs (ground control points)e \ésted all these methods and
concluded the value somewhere between 1:130 00QLA3% 000. The most precise
method of the map scale determining is surelyiresformation. We tested many types
of transformation and many sets of GCPs. Our resenk consisted of creation of the
vector data model of the map. Once having the ldedaset of the map objects we can
choose the best transformation method and georeferthe map into some welldefined
coordinate system. The ArcGIS geodatabase has Hesmgned and filled. The
advantages of the vector data model are cleardBgsietermining the map scale and
the best set of GCPs vector data is much easiemdaipulate with. In many
environmental analyses vector data are much usalfler revising the vector data
model and proper georeferencing of the map, bottnese digital datasets (raster map
image, vector database) will be distributed on liternet for other researchers and
general public using web map services (WMS, WFS).

Miiller's map of Bohemia

The Miuller's map of Bohemia is an extraordinary tagsece of Czech cartography. J.
Ch. Mdller, an author of the map, was an importAastrian military engineer and

above all an exceptional cartographer. The mapratgd in the years 1712 till 1718 as
the result of the first systematic topographic magmf the Czech lands. Firstly it was
set out in 1723, unfortunately after Muller's dealihe title of the map is ,Mappa

geographica regni Bohemiae“. The scale of the whud@ is approx. 1 : 132,000. The
size of one map section is 473 x 557 mm and theeesize of the map is 2,403 x 2,822
mm (5 x 5 map sheets).

Recently the original prints of the map sectionghef Muller's map of Bohemia were
scanned in the Central Archives of Surveying, Magpand Cadastre of the Land
Survey Office in Prague. In our previous work weravevorking with the digital data
distributed by the Institute of History of AcaderafySciences of the Czech Republic.
These prints of the map sheets had been quarter@daacloth had been used for
mounting (Cajthaml and Kr&j, 2007). Therefore the new digital data is muctieodor

the cartometric analysis. The quality of the digitata of both datasets is the same (24-
bit colour depth and 300 DPI densities).

Merging the map sheets together

At the beginning of the research the aim was tpgmethe seamless image of the whole
map. All 25 map sheets were transformed into tlesl dimensions and into their right
position in the whole image (see Figure 1.). Askmew the dimensions of the map
sheet 473 x 557 mm (Kuchal959), we used corner points for the map sheets
transformations. Using this method we eliminated fmaper shrinkage during the
archiving. Although the corner points fit preciselyther points on the edges were
somehow distorted. The adjacent edges were slighifted or bended.



Figure 2. The detail of the merged map sheets



We had experienced the same problem analysing ilee®8 map of Moravia before
(Krej¢i and Cajthaml, 2009). IDW (inverse distance wesghttransformation of the
edge points had been tested to eliminate thesese®ae to minimal errors on the main
part of the Muller's map of Bohemia (see Figure \&e finally kept the images after the
transformation. Another method of edge matchingl&dae based on constrained
polynomial fit (Molnéar, 2010). The data volume b&timage of the map exceeded 2GB.

Creating the vector data model

There are many motivation factors for creating fiile vector data model of the map
(Cajthaml, 2010). Having full vector data model,nparound control points (GCPs)
could be used for georeferencing the map or othalyaes. Of course, the vector data
are much easier to handle with. The spatial analysey. overlay) are easier to be
performed with the vector data. With the full veatiata model the statistics of the map
features can be done very quickly.

Before creating the vector data model it is neaggssa design the geodatabase for
storing the data. On the Mdller's map of Bohemiaréhwere found 6 types of map
features: settlements and important places (peatufes), towns within walls (polygon
features), river network (line features), water ieed(polygon features), roads (line
features), and boundaries (line features). Foretlygses 6 feature classes were designed
in the geodatabase. Every map feature holds sotribuéds. For villages, towns or
important places it is usually the historic namehaf place (written on the map), current
name of the place and the type of the place. Stgdyie legends of the map (see Figure
3.) over 40 types of point features were identified
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Figure 3. Part of the legends of the map



After designing the geodatabase (feature classtshutes) the map sheets were
vectorized into the designed models. Every map tshees created in the separate
database. For some analyses it is necessary to depagate databases for the map
sheets. Thus these databases can be comparedri@rosher analyses it is better to
have the merged geodatabase of the whole map. Meafithe map sheets was very
difficult task. On the edges of the map sheets tdpmological relations had to be

reestablished.

Some errors occurred during the database mergihgo@se, there are some problems
such as evident errors made by the author. Onéaedet errors had been published
earlier (Kregi et al., 2009). The town Kladno is on the Millerreap of Bohemia
depicted twice (on two map sheets). This fact wesvgn and other edges were
inspected to find similar errors — none was foufide second type of the author’s
incorrectness was the topological inconsistency. éxample, the boundary or road is
depicted on the other side of the river on diffem@ap sheets. The third group of errors
consists of missing map features. There are somdervmissing roads (not connected
network) and missing boundary in the northwest Balg Cajthaml, 2010). The part of
the vector data model is displayed (see Figure 4.).
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Figure 4. The part of the vector data model (Praqekits surroundings)



Statistics of the map

As we have the complete geodatabase of the Milheas of Bohemia it is very easy to
perform the statistics of the map. These numberssary interesting when confronted
with earlier published data. On the map we four&l215 point symbols (e.g. 11,997
villages, 677 small towns, 44 towns, 233 placesxtfaction and processing of natural
resources, etc.). Compare this number with earbfiglied 12,495. In the polygon class
we found 133 towns (45 royal towns within this ela&Cajthaml, 2010).

On the map there are 2154 water bodies with argaoap28,300 mm (490 knf in
reality). The river network consists of approx. &® mm of rivers and streams
(24,400 km in reality). These data will be analyskding following research. Other
two feature classes are not so interesting in thigsscs field. The road network is not
complete and contains only selected roads (25,980an the map). Nevertheless it
would be interesting to compare these main roads teday motorway and highway
network. The boundaries class is very interestihgshows the shape of Bohemia
(western part of the Czech Republic) almost theesamtoday. That point out the fact
that the boundaries has not changed through alB@@syears (see Figure 5.).

Figure 5. Boundaries on the map



Cartometric analysis of the map and georeferencing

Just like the map of Moravia, the map of Bohemia aageographic grid scale on the
map frame. The measurement of the grid scale cdadlto define the map projection

as a normal aspect of cylindrical projection ecstaht in meridian with two standard

parallels. Using the projection equations, thetude of the standard parallel was
identified as 50° 04‘. This value is close to tteue of Prague’s parallel as well as to
the rounded value of 50°. It is questionable whatlthem was in the author's plans.

Nevertheless, the coordinate grid of the map oféBaila is more accurate than those of
the Moravian map, which is just roughly estimatfieej¢i and Cajthaml, 2009).

We determined the map scale by several methodsh@alj and Kreji, 2007). The
graphic scale bar on the map of Bohemia displags@zech miles. We know that one
Czech mile is 300 strands and one strand is 52uBraljs. The most probable value of
one ell is 0.5914 m. We determined the distanck ©zech mile as 68.8 mm in the map
and the map scale as approx. 1 : 134,000 by camdakurement of scale bar (Kiej
and Cajthaml, 2009).

Another method, the measuring of distances betwaens in the map was done just
for a few couples of towns in a test area, whiculted in a map scale of 1: 132,000. In
the next step, we used MapAnalyst software fornia@ scale determination by global
transformation (Helmert) with 83 GCPs. The scalgegabetween 1 : 130,000 and 1 :
136,000. The resulted mean scale was computed: d33,000. The depiction of the
local scale distortions was made as well.

The best method how to determine the scale of tlag ms the transformation

(georeferencing) using as many GCPs as possibker Afe had completed the full

vector data model, the transformation with morenth®00 points was tested. In fact we
found 4,409 points with their corresponding cooati#s in the current coordinate
system. As the coordinates of these points weregbautomatically (from the database
of the Czech statistical office), many errors ocedr In the Czech Republic there are
many villages with the same name and thereforengirthe coordinates failed (the

name of the village can’t be used as a primary dfethe table). Some other villages
moved their centre within 300 years and the coatéis did not correspond with reality.
Nevertheless we kept 3,906 GCPs for data transtovma

There are many transformation methods how to gemete old maps. Usually affine
transformation is used because the shrinkage opdiper could be eliminated and the
map image is not badly distorted. The better restdin be achieved with polynomial
transformations. Unfortunately, after polynomiartsformation the image is somehow
distorted and the lines are transformed into th&ess As we used the transformation
(to the right dimensions of the map) at the begigrof our research, we eliminated the
shrinkage of the paper earlier. Then if we don’tntvéo damage the map image
similarity transformation method should be the besting all 3,906 GCPs we acquired



following numbers for similarity transformationasidard error of position 1.74 km and
the mean scale of the map 1 : 131,580. Compare thasbers with previous research
(Kucha, 1959), (Krefi and Cajthaml, 2007).

Conclusions

The aim of our ongoing research is to make detalealysis of the Muller's map of
Bohemia. At the beginning it was necessary to math@5 map sheets together. For
this type of data we discovered the best solutitrarsformation of the map sheets into
their right dimensions and position in the mergeapr(of course with the knowledge of
the right dimensions of the map). Projective transftion using all 4 corner points
provides the perfect fit of the map sheets. Ifdaéa are badly distorted (bended) other
methods should be used (e.g. IDW transformatioim@fedge points, or the constrained
polynomial fit).

If we want to analyse the map with the real funwidy of GIS software the best
solution is to create the full vector data modek Wpplied this method on the Miller’s
map of Bohemia and obtained the database thabwillsed during following research.
We have vectorized over 15,000 point symbols withirt classification into many
categories; we have vectorized the river networktler road network with their
topologies, etc. These data can be analysed usi8gsGtware very effectively. Of
course the data were transformed into well defiogaidinate system (national system
S-JTSK). The standard error of position of thisikinty transformation was 1.74 km
(13.2 mm on the map).
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