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SUMMARY

Reconstruction of a historical objects is now aegnal part of a comprehensive research of
historical monuments. In this process we can l@alot about their past and understand the
sequence of history in a given region. It is velgugible that in many cases it fails to acquire
the necessary materials for reconstruction of tjead. And it is a prediction which is one of
the options to add the missing information. Theckrtpresents two variants of prediction
(inductive and deductive). The model is based orrkia chain. All obtained historical
materials (maps, plans etc.) of the object wereppoeessed and then loaded in prediction
model. For each possible development stage ofiterital object was assigned one state in
Markov model. The computation of transition prollitibs between states of the Markov
model were made by the interpolation method. Is thethod are compared two neighboring
layers and evaluated changes in the object posilibe interpolation was performed using
ArcGIS GeoStatistical Analyst extension. When modgeh system characterized by a short-
range variation of the data - a reasonable assamptithis case, considering that the width of
the transition area between object position in joe layer and a next layer in a cartographic
representation is likely to be small - a Local Palyial Interpolator. Assuming that each
point affects the value of the surface only iniftsnediate vicinity, the algorithm produces
surfaces that represent local variation reasonabliy The whole process was driven from a
knowledge base that is created by experts in #@ié @f history.

Predictive model is verified on site of Spilberks@ia, which dominates the city of Brno and
ranks among an important heritage objects in thec&zZRepublic. Predictive model was
created in the geographic information system (QISGIS of ESRI company.
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Prediction model to identify the significant develpment periods of
historical objects

Dalibor BARTON EK, Czech Republic
1. INTRODUCTION

A human being is essentially an inquiring creatoeeause the eagerness for knowledge of
nature lies in the depth of each human’s mind. Tiaist confirms the sequence of
evolutionary phases of the mankind. The stadiumigewnan (homo sapiens) is followed by
a higher stadium A man anxious know (homo cupidtiensli). From time immemorial
people wanted to know not only their presence amst put also their future. This desire
resulted in various forms of soothsaying and deyedointo contemporary modern prediction
methods. From our past we know, how difficult ittcs tell our future reasonably which
originates from the very principle of the issuethirs case people try to get in the door which
no one has ever opened and try to tell the futur¢he basis of a secret we don’t have the
notion of. Despite of all the mentioned hardshpediction methods have become parts of all
control and decisive processes. If we want to aehimaximum efficiency and sustain
profitability it would be necessary to posess dethreports watching the stability of the
model in the course of its all life’s cycle. Thenteprediction can rank among the sphere data
mining. The aim is to set the object parameter e/dkiatic part of prediction) or to set the
dating of the phenomenon (dynamic part of prednjteither in the future or even in the past.
According to the direction from the starting poeftprediction in time axis, we distinguish
prediction ex-post (interpolation) or prediction-axte (extrapolation) - see Fig. 1. Prevailing
part of prediction models is designed for ex-atite; prediction ex-post has its significance
mainly in historical science and archaeology (Alleh all 1990), (Machg&k 2008),
(Neustupny 1994).

prediction ex - post prediction ex - ante
Lower limit Treshold of Upper limit
of prediction prediction of prediction

Fig. 1. Prediction in time axis

Nowadays prediction models can be used practicalyl branches of people’s activities. The
most frequent usage is in economy (production sgnéinancial (currency prediction),
marketing sphere (analyses of good sales) (Bury@@7)2 distribution (gas/electricity
consumption prediction) in botanics (prediction wéed spreading) @#anek 2006) in
biology and medicine (pacient’s possible reactiommedicaments), social economic spheres
(labour market, unemployment) in technical scief@mtrol and regulation of devices with
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state prediction) etc. A special position have mtemh models in spatial attached systems.
These are based on technology of geographicaln#ton systems (GIS) e.g. (Allen et all
1990), (Maché&ek 2008). The next contribution uses Markov modeltie prediction (Yan et
all 2011). This article is devoted to these systehe reconstruction of historical object is
topic of most research works (Martini 1998), (BecRe09), (Tringali et all 2003), (Foti et all
2012), (Moltedo et all 2000). The other part ofatetl works uses automatic methods of
reconstruction of historical objects (Pedersiniakt2000), (Roh et all 2011), (Tang .et all
2010), (Haala & Kada 2010). In other works we aad the special methods in GIScience for
solving the similar topic (Xu & Coors 2012), (Bacski 2008), (Kokot & Zembaty 2009),
(Verstrynge et all 2011), (Griffiths et all 2004EI|-Mechaiekh 2000), (James et all 2012),
(Jenny & Hurni 2011).

2. METHOD OF SOLUTION

The whole process of reconstruction of historidgkots can be divided into several phases —
see Fig. 2. The most difficult phase of the whalecpss is a collection of accessible historical
materials. It involves time consuming searchingsamious both inland and foreign sources

(such as museums, libraries, archives etc.).

Collection Data Presentation
of selection Data Prediction and next
accessible and preparation model usage of
data classificatia the results

Fig. 2. Workflow of reconstruction process

Then follows material classification according e tusage in prediction model. Classification
tree is in Fig. 3. The data preparation deals wahsfer of all selected documents in digital
form. Graphical data are scanned with the recomexmdsolution (minimum 200 dpi) and
consequently are processed in a suitable rastesrgdidobe Photoshop). Text documents
serve to setting of predictive model parameter® fifme-bound information determines the
individual stages of the object development. Spgtibounded data are decisive for the
selection of suitable means for spatial analysi$GI8 (visibility, topology etc.). The last

phase — presentation and usage of the resultsigengasummary of outputs from the
prediction model in the form of a map or plans ajieen historical object. The prediction

model in based on Markov chain and is describétl@mext chapter.
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HIStOI’I_CaI information topology of the
materials object
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documents
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Fig. 3. Classification tree of historical materials
3. DESIGN OF THE PREDICTIVE MODEL

According to the nature of the evidence the prashcof phenomenon or the existence of an
object (Neustupny 1995) are predictive methodsdéidiinto:

1. Inductive and

2. Deductive.

Inductive prediction works on the the basis of clirphysical evidence (excavations, finds
remains of the walls, etc.). Deductive predictisibased on indirect evidence and similarities
to other phenomena or objects of that class (writteports, plans, former trends in
development, etc.). In the designed model bothstygfepredictions have been made use of.
Conception of the prediction model — see Fig. 4.

Inputs of the model are spatial and attribute détex previous classification — see Fig. 3. The
knowledge base contains a set of rules for thenstoaction of historical buildings and is
interactively controlled by experts in the field lwktory. Block users includes the creator of
the project (project manager) and the before meaticexperts in the field of history. These
users set the input values of the model, verifydiput layers from the GIS and according to
the results correct input values of the model. ddre of the model consists of 2 parts:

1. Pre-processing.

2. Processing (editing and spatial analyses widlge®f the prediction model).
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Fig. 4. Conception of the prediction model
3.1 Preprocessing
Preprocessing involves the transformation of gregdhmaterials (maps, plans) as follows:

a) Geo-rectification in a common coordinate syst&enerally it is a very difficult task
because it is necessary to identify a pair of idahtpoints. In many cases were identical
points found by the archaeological research. Thablpm is in detail solved in (Tucci &
Giordano 2011).

b) Unification of cartographic language of all mabs proceeds in such a way so that
cartographic phenomena in different periods ofdmstcan be mutually comparable. This
unification is realized on the base of ontologytHa processing in GIS, layouts are generated
in the form of maps or plans of a particular objesfierring to a certain period. It is an
iterative process in which, according to the basknowledge or help of experts, graphical
layouts are edited. The missing components are letetpby prediction method on the basis
of experience from similar reconstructions. Thealffitayers are eventually included into
classes which represent significant periods obhistl development of the object. The above
mentioned classification was made according to lhadhain — see Fig. 5. States in the chain
represent a certain stage of construction chamghbssiorical object, transitions are evaluated
by probabilities of transitions within these states

3.2 Prediction model based on Markov chain

Consider a stochastic procd3s, n = 1, 2, ...}that takes on a finite or countable number of
possible values. Unless otherwise mentioned, #ti®fspossible values of the process will be
denoted by the set of non negative intedgr, ...} If X,=i , then the process is said to be in
statei at timen. Suppose that when ever the process is in stttere is a fixed probabilitf;
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that it will be next in statg That is
P{X s = X0 =1 X g Fhoaon X, =i X, =i} = P = X, =i} =R @)

for all statesy, i1, ..., h-1, I,j and alln >0.

Such a stochastic process is known as a MarkownclEjuation (1) can be interpreted as
stating that, for a Markov chain, the conditionatabution of any state X1, given the past
statesXy, Xy, ..., X, 21 and the present sta¥a, is independent of the past states and depends
only on the present state. This is called the Magko property. The valuBij represents the
probability that the process will, when in statenext make a transition into stgteSince
probabilities are non negative and since the psooasst make a transition into some state,
we have that

J>OZP =1li= (2)

If the process has a finite number of states, whielans thes tates pace S={1,2,y, i, |}, ... S},
then the Markov chain model can be defined by th&imof one-step transition probabilities,
denoted as

I:):I.l I:)12 Pls
Psl Psz Pss
The initial probability is computed by
p =i (4)
i = N

where N; denotes the transition times from stat® statej andN; denotes the number of
random variable§X,, n=1,2, ..., mpelonging to state

Markov chain model adopts state vector and statesition matrix to deal with the prediction
issue. Suppose the state vector of mornehis P, the state vector of momennis P; and the
state transition matrix iB, then the relationship is

P=P_,Pt=12..K (5)

Updatet from 1to K, then
P, = P,PX (6)
wherePX is the state vector at momet
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Equation (5) is the basic Markov prediction modfethe initial state vector and the transition
matrix are given, which allows calculation of argspible future state vector. Conventionally,
the state with maximal probability is chosen as nie&t step state, known as the maximal
probability rule (Yan et all, 2011).

In our case we can use this model in the form efgitaph on fig. 5.

Pi, i-1 Pi+1, i

Fig, 5. Markov chain for classification of outpayekrs in the prediction model

In Fig. 5:
* Ps is probability of remaining in the current state
* i1 is probability of transition to previous state
* Pii+1 is probability of transition to next state

For each possible stage of the historical objecetssigned one state in Markov model. The
computation of above mentioned probabilities wél imade by the interpolation method. In
this method are compared two neighboring layers emaluated changes in the object
position. Distances between objects in these lagerperformed according the equations (7),
(8) in floating window.

The interpolation was performed using ArcGIS GebStieal Analyst extension. When
modeling a system characterized by a short-rang@atiom of the data - a reasonable
assumption in this case, considering that the wafththe transition area between object
position in previous layer and a next layer in gagraphic representation is likely to be small
- a Local Polynomial Interpolator is generally eoydd (Akima, 1970). Assuming that each
point affects the value of the surface only inntsnediate vicinity (Mitas & Mitasova, 1999),
the algorithm produces surfaces that represent i@r@tion reasonably well (Tucci et al.,
2010, 54-55):

n 2

ZWi(Z(Xi'Yi)_,uo(Xi'Yi)) (7)

i=1

The interpolation is based on a moving window cettatuy(X, y), wheren is the number of
points within the window, and; is the weight:
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w = e(fJ 8)

wheredj, is the distance between the point and the cerfitdreowindow,a is the parameter
that controls the distance decdyijs the datum at the locationandpo(X;, i) is the value of
the polynomial (Johnston et al., 2003).

The output of the model is time-structured set afpmor plans showing the major stages of
development of a historical building.

4. RECONSTRUCTION OF THE SPILBERK CASTLE

The designed prediction model was verified on thgest of Spilberk castle (Brno, Czech
Republic) reconstruction (Prochazka 2007, 2009).

4.1 Short history of Spilberk castle

Spilberk Castle was established as a royal castthd 13th century during the reign of the
Premyslide family. After the successful defence agfathe Swedish army in 1645 it was
rebuilt into a massive Baroque fortress. It hadsegrconsecutively as both a jail and a
barracks from the end of the 18th century until $hdies when it was declared a national
heritage monument and became the seat of BrnoMliseum. Nowadays it offers plenty of
expositions and exhibitions as well as renowneceroases — the hardest prison in the
Habsburg Monarchy. Besides 7 permanent expositttaticated to Brno history, art and
architecture visitors can currently enjoy magnificeiew of the city from the View tower,
visit a fencing tournament or listen to the bells.

4.2 Data collection

The first step of the project - source materialsl amformation collection was the most
demanding of all its phases as for the consummtidime and organization as well. The most
of historical maps of a higher quality were gained a Military archive in Vienna
(Kriegsarchiv Wien, Nottensdorfgasse 2). To theestchnd the most valuable exemplary
belongs de Rochepien’s plan of Brno city of 1748e Fig. 6. The summary of all gained
materials is in the table No. 1.

Table 1 - Documents for reconstruction overview
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Data source Datum Number | Content Format

(company) of sheets

Military Archive 1658 - 1783 29 Plans of Spilberk castlé&\0 — A1, raster,

Vienna, Austria and Brno city TIFF, 200 dpi

Archive of Brno 1720 — 1944 10 Plans, sketch of Brno| A3, raster, JPEG

city, Czech Republic¢ city

Museum of Brno 1749 - 1984 4 Plans in scale 1:1000 A3, raster,

city, Czech Republic¢ JPEG, TIFF,
B/W

Archaia Itd., Czech | 1997 - 2004 3 Plans of Spilberk DGN, DWG

Republic fortification

ELGEO ltd., CZ. 2006 2 Digital cadastral map DGN

Facility 2006 1 Building structure Raster, JPEG

management of investigation of

Brno city, Czech Spilberk fortification

Republic

Czech Office for 2002 4 Fundamental Base of | Raster CIT,

Surveying and Geographic Data (3D) | vector SHP

Cadastre

Geodis Ltd., Brno 2003 2 Orthophoto 20 cm/pixel Gé#, IPEG
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Fig. 6. - De Rochepine’s plan of Brno city from 9Afkar.
4.3 Data selection and classification

Materials collected in previous phase occurredeaansufficient for processing. Above all it
was necessary to look up and determine appropdatdical points for geo-referencing of old
maps. Further it was necessary to verify currenp mmaterial and compare them with a
reality. For these reasons the collected data w@mgleted with direct geodetic measurement
in field. The actual selection of suitable materifbr reconstruction was consulted with
experts at Middle age archeology from Brno Museérbasic document for a choice of
appropriate elements and identical points for retrotion was present cadastral map of a
given locality. This map contained objects which ba divided into 2 categories:

1. Preserved parts of an object of late 18th cgntur

2. Objects with small construction works which cainimfluence identification
with old maps and plans (facades adaptations, ibgilceconstruction on an original object
etc.).

Above mentioned objects contained localities fascpiment of reference points for geo-
referencing of old map documents. Other necessantical points were obtained by geodetic
surveying of south-west bastion of the castle whvels newly reconstructed in the year 2002
TS02K - Surveying History, 5537 1011
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in the frame of archeological research. These p@rg the most accurate (both in history and
planimetry). Rest of reference points was obtaimegrediction model in ArcGIS by the
method of cellular automata in Raster Calculatorthe next step was all selected materials
classified according to the classification treee 8g. 3.

4.4 Processing in prediction model

4.4.1 Preprocessing

After data input into ArcGIS historical maps wereogeferenced by affine transformation
according to selected identical points. It was ssagy to choose and survey identical points
for geo-referencing. For geodetic surveying of entrobjects of the castle GPS RTK method
with the help of Leica System 1200 apparature wsedu Particular dimensions of the
construction were measured with BOSH DLE 30 lasage finder. All the measured values
were calculated into S-JTSK system (Datum of UmifoFrigonometric Cadastral Network)
and imported into MicroStation V8. With historicalaps it was necessary to calculate all
dimensions from Vienna fathom (1° = 1,896 m) intetrit system. The most demanding and
at the same time the most time consuming task ywasa$ drawing of sections in historical
plans in MicroStation V8. The process had thess@tia

Finding out and drawing approximate positiothaf section.

Marking intersection with current contour of thigect.

Profile unification with current condition ofalobject (shift).

Verification of created profile according to ¢our lines in digital terrain model.

PwpPE

As a result of it is a historical wireframe modélSpilberk castle in DGN format — see Fig. 7.
Geo-database created in the stage of planimetpnsgéaiction of the project was completed
with these results. All altimetric dimensions wegdculated into altimetry system Bpv (Baltic
Vertical Datum after Adjustment).
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Fig. 7. Historical wireframe of Spilberk castle

4.4.2 Editing and spatial analysis

All input layers including wireframe model were pessed in ArcGIS. For each of these
stages a separate layer in SHP format was crdatpdrtant features (channel of 1749, sewer
surveyed in 2000 etc.) were digitalized and dramto these layers. It resulted in the creating
of geo-database which contains layers of the iddiad stages of reconstruction works of
Spilberk castle in S-JTSK system.

As result of spatial analysis several various layeith the certain historical periods of the
castle was generated. From these layers were aglénters with the major changes to the
building. The selection was based on Markov chdsee Figure 5) where the transition
probabilities between states are determined byrexpe the field of history. A total of 7
major stages of reconstruction of the castle Spllaere selected.

Table 2. Main stages of construction works of Smicastle

Main stages of construction work  Used historicajps (year)
1 until 1658 1658
2 1658 — 1682 1658, 1678, 1682
3 1682 — 1699 1699
4 1699 — 1720 1699, 1720
5 1720 — 1742 1729, 1742
6 1742 — 1759 1742, 1749, 1756, 1759
7 1759 - 1772 1759, 1767, 1772, 1783
The difference in the individual layers had beenfamted and after significant stages of
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construction work of the castle were geterminedee fable 2. The overview of main
historical stages of construction work of Spilbedstle is in Fig. 8.

Extent of Spilberk
fortification - 3D model

Legend
Il small structures
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= = e ]
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Fig. 8. Main stages of Spilberk castle constructimmk
5. CONCLUSIONS

The goal of the project was to present the premhictnodel and verify it on the historical
reconstruction of building adaptations of the whalea of Spilberk castle. The reconstruction
was processed on historical maps’ and documengs.bBhe most complicated part of the
reconstruction was that of northern part of casbdification because of a minimum of
preserved original elements. It would be of gres¢ o make complete information on
archeological and construction historical reseafcthe citadel and specify it. Brno museum
plans a building research in its locality with thelp of sonds and other excavation work. The
result of this project will be made use of in theagtice under these activities. Another
contribution of this project is a creation of 3D debtoday non-existing baroque fortification
of Spilberk castle. It will be historically the $ir3D digital model of the citadel taking original
shape the one the second half of 18th centurylidumethe results of historical reconstruction
of Spilberk castle and its surroundings will becomevaluable contribution not only for
institutes and people working in the field of medikarcheology, but it will also draw
attention of general public.
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