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ABSTRACT

The Second Military Survey of the Habsburg Empimswarried out in Transylvania around 1860-
1872. The survey had no geodetic basis; therefawartaps lacked a projection system. To rectify
them with the current maps can be done only bygusome landmarks. The study presents a method
for rectifying these maps, the precision of thetifieation being enough for GIS and cartographic
purposes thus providing a useful instrument for ¢patial analysis of the natural and anthropic
environment of the $9century Transylvania.
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1. INTRODUCTION

Prior to WWI, Transylvania was part of the HabsbEmpire, thus the first land
surveys were carried out by the Austrian Militargdgraphy Institute. The First Military
Survey was carried out at the end of the 18th cgntesulting in the production of some
1:28800 plans (Hofstatter, 1989). This survey hadgaodetic basis; therefore the maps
could not be seen as having a projection system.tti® reason, rectify them with the
current maps can be done only by using some laridnfaasily identifiable on both sets of
maps).

The Second Military Survey of the Habsburg Empir@aswcarried out in
Transylvania around 1860, lasting until 1872 (JanR601). During this period, the
Transylvanian administration functioned differenttpm that in Hungary. It is maybe for
this reason that a different geodesic fundamenh itdifferent origin was applied in
Transylvania than the other parts of the historidahgary. It is also important to state that
the current border between Hungary and Romania doesorrespond to the old one; the
following counties: Maramuge Satu-Mare, Bihor, Arad, Timisi Cara-Severin did not
belong to Transylvania, as they were still congdePartium.

The Third Military Survey was carried out on thesisaof the International
Gradmessungin the 1880s. The coordinate system of these massdifferent from the
other parts of Hungary and also from the older $ybranian surveys.

2. CARTOGRAPHIC AND GEODETIC BASISOF THE MAPS

The triangulation network of the Second Militaryr&y was developed on a
hybrid ellipsoid of Zach-Oriani (Bod, 1982). Theigin was set to the observatory that
functioned in that time North-West of Sibiu, on IHf Vizakna (Mugnier, 2000; Varga,
2002; Kovacs and Bartos-Elekes, 2007). The scafleeo$urvey sheets was 1:28800, with a
field extension of 9600 * 6400 Viennese fathoms2(B* 12137 meters). The scale was a
standard for the entire Empire (Jankd, 2001; Tisetéal., 2006). The sheets situated west
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from the Sibiu meridian were considered ,westlicheid those situated eastward were
soestliche” ones. The projection system is con®deas the Cassini-Soldner projection
(Snyder, 1987: Varga, 2000), whose origin was $dha observatory described above,
situated in the north-western corner of the plaact®n 19 oestliche Colonne I". There is
no coordinate system marked on the plans; the fprerece is given by the sheet
numbering and the planar extension, and by thangeif the projection origin. In Partium,
both the geodetic base, the projection center badheet numbering was different (Timar
and Molnar, 2003; Timar, 2004; Timar et al., 2004).

Between 1867 and 1918 Transylvania was part of Eynand for this interval a
new land survey was carried out starting with 1886nsidering the large extension of
Hungary in that time a special system was usedtlier Transylvania region called
.Marosvasarhely (Targu-Mugg System”. The geodetic origin of the projectionswae
Kesztejhegy (DI. Cistei) Hill situated 15 km wesbrh Targu-Mure. The Bessel 1841
ellipsoid was selected as reference.

In the Second Military Survey the maps were creatgbout a projection system
which could be compared with the Cassini projectlout was not identical (Varga, 2002).
In case of the Third Survey, this was followed bstereographic system, but only for those
territories part of Northern Transylvania that bged to Hungary during the Second
World War. After 1935 the kilometric grid corresgiing to the Targu-Muresystem was
also drawn on the border of the plans which weeated without a projection system. The
coordinates of the origin point are 600 000 m afil @00 m, and the new system has a
north —eastern orientation. The maps were credtadseaale of 1:75 000 and 1:25 000. The
plans for the Partium are created in the Budapesés and they have different parameters
(Timar et al. 2003a).

In order to establish a correlation between po®BS measurements, the datum
and projection parameters were computed for bogtesys. A check was also carried out
on correlating the basic plans of the two land sysv

3. COMPUTATION OF THE GEODETIC DATUM PARAMETERS OF THE
SURVEYS

Once the GPS technology available it is possibldet@rmine the position of the
points in comparison with the mass center of thetE@lontag et al., 1996), (Chirila and
Dumitrascu 2006), thus to define Earth-centerediggo datums. WGS84Norld Geodetic
System 1984DMA 1986) is such a system. In the GIS practtoe Ibcal ellipsoids (with a
relative position) are defined through their sgaftiasition with respect to the WGS84
ellipsoid.

In the case of the study systems the ellipsoid dinates of the geodetic centers
were known both on the named ellipsoids, as wetirathe WGS84 ellipsoid, as they were
determined based on simple indirect calculus. R@r teason, computing the parameters
was done according to the Molodensky-type (3-patarag transformation method. The
Molodensky transform formulas are (Molodensky et #60; DMA, 1990):

AD"=

—dXsin®cosA —dYsin®sinA +dZcos® + (aldf + f [da)sin2d) )

M sin1"
AN = —dXsinA +d.Ycos/\ @)
N cos®dsinl'

Ah = dX cos® cosA +dY cosPsinA +dZsin® + (aldf + f [da)sin® ® —da (3)
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Q2
where M (®) = a 1-e is the curvature in prime meridian;
@1-e’sin? CD)%
a

N(®P) = is the curvature in prime verticak®” and AA”

V1-€’sin* @
are the latitude and longitude differences defibetiveen coordinates on the two datums in
arc secondsah is the difference of the altitudes above the datuanand f are the
semimajor axis and the flattening of the origindipsoid; da anddf are their differences
between the two datums. Unless the heights on Himsad are known, they can be
estimated by using some local or global geoid nmdel formula (3) can be skipped during
the calculation.

The Molodensky-typelX, dY anddZ parameters, expresses in meters describe the
position of the ellipsoid in respect to the cemtethe Earth. For determining them we have
transformed the coordinates of the origin point réttangular coordinates using the
following formulas:

X = (N +h)cosd cosN 4)
Y = (N +h)cos®sinA (5)
Z =[N@1-¢”) +h]sin® (6)

First on the original datum and then on the WGS8&tumh. After that, we calculate the
differences:

dX = Xiessa = Xioca 7
dY =Yyess ~ Yoca (8)
dZ = ZWG$4 - ZIocal (9)

The coordinates of the basepoints on the local ndsitwere given by Varga
(2002). We could use the Gauss-Kriger coordinatetheo basic points of the Pulkovo
datum, of which (with the aid of the parameters lighied by DMA, 1990) we could
determine the WGS84 coordinates. In the case dbtted datum we considered the height
to the ellipsoid equal with the heights to the dedior the WGS84, we increased the
heights above the geoid with the values of thedyaadulation given by the global EGM96
geoid model (NIMA, 1997) for the given points. Tiesults are presented in table 1.

Using this method, the small orientation differebhetween the local and WGS84
datums is not taken into account. Such simplifarafior a territory of Transylvania results
an error of maximum 25 meters in the case of tlvers® and maximum 10 meters in the
case of the third survey.

The computed parameters were tested in practiceonrelated the sheets of the
surveys with the current maps on global basis. tRer Vizakna datum we noticed a
constant deviation of 40 m which although it cancberected manually, by assuming an
unsuitable placement of the basic points then ama we could define the parameters
which eliminate the error. (Vizakna corrected Kidvacs and Bartos-Elekes, 2007).

Tablel
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Datum Vizakna corrected Vizakna Kesztejhegy Pulkovo 1942 (Romania)
dX (m) 1722 1734 604 27
dy (m) 376 399 -143 -121
dz (m) 595 595 528 -78
ellipsoid Zach-Oriani Zach-Oriani Bessel 1841 Krasovsky 1940
a(m) 6376130 6376130 6377397.155 6378245
b (m) 6355562.258 6355562.258 6356078.963 6356863.019
The Molodensky-type transformation parameters between the old Transylvanian datums and the
WGS 84.

It is worth mentioning that although defined on dane ellipsoids, the translation
parameters for the Kesztejhegy and the Hungaridié@egy (+571 m; -174 m; +572 m;
Timar et al. 2003a) systems are slightly differdifie cause for this value can be the fact
that the triangulation systems used were creatddcampensated on different territories.

4. THE PROJECTION PARAMETERS OF THE MAPS

The Transylvanian plans of the second land survey:

The type of projection: Cassini. This is just amoaiimative projection, but the
recording error of mostly 10 m is enough in theecasGIS applications.

- Reference ellipsoid: Zach-Oriani
- Point of origin in respect to the surface of refece (Marek, 1875):

®=45° 50’ 25.13"

A=24° 6’ 46.69”

(The above values in the case of longitude wetéllyi give for the meridian of
origin Ferro. The Ferro-Greenwich difference wassidered of 17° 39’ 46.02").

Due to the fact that no coordinates are given erplan, we are free to define the
point of origin. A simple solution would be to caaer it zero. In practice georeferencing
the plans is done in the following stages:

- defining the datum and projection parametersiénG@IS software;

- computing the Cassini coordinates for the corpétte studied plan by using its
extension in the field and also its system;

- defining the corners point by point using the rctiwates calculated in point 2.;

- transforming the first plan in Casini then in ather projection;

- if necessary, for correcting the possible errting, content of the map can be
manually moved without rotation with the aid ofiagée landmark.

The Marosvasarhely (Targu-MuneSystem

The type of projection: stereographic obliqugoblique” or .extended”
Stereographig
- Reference ellipsoid: Bessel 1841
- Point of origin on the reference ellipsoid (Faagh 1909):

®=46° 33’ 8.85"

A=24° 23’ 34.935"

The translation values of the origin:

False Eastings =False Northing600000 meters

Conversion factor =1.0

In the case of this system for integration in GyStems we skipped the double
projection (projection from the ellipsoid to theasphere then to the plane). The resulted
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error is in the order of centimeters which is ngiglie in comparison with the error of the
datum definition.

5.RESULTS

The result of the georeference of the maps istiitisd in Figure 1. This figure
represents Cluj city in the Second Military Surv@ection 10 westliche Colonne l1ll), a
sheet that was converted to UTM, and a three-dimeakimage of it was achieved with
the use of SRTM (Timaet al, 2003b) elevation dataset. Another example ingmesl on
the color cover: the same territory is presentea icorrelated manner — with green the
second survey and in black the third survey. Itlsamoticed on one hand the precision of
the correlation inside the city, on the other hém& changes in the meanders of Sgrhe
Mic (Kis Szamos) River in the interval of 30 yehetween the two surveys. The precision
of the rectification is enough for GIS and cartquyia purposes thus providing a useful
instrument for the spatial analysis of the natwmadi anthropic environment of the ™9
century Transylvania.
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