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Summary: Schmitt’s 1:57600 scale map of Southwestern Germany is an interesting master-
piece of cartographic history. It was produced twenty months period at the very end of 18th
century, covering South Germany to Koblenz, Fulda and Coburg to north and Vorarlberg
and Salzburg to south. The georeference of the map product was performed in the frame of
MAPIRE, basis of quadratic fit the map mosaic to UTM32N zone. Central and western part
of Schmitt’s map follows the Cassini triangulation chains of early 1760s, while the NE part
is covered by the supplementary survey of Starzinsky & Sarret (StS), few years before the
map completion. We performed the georeference of the StS drafts and it occurred extremely
good fit assuming the Cassini grid. The StS survey covers precisely the NE part of the later
Schmitt map, connecting Cassini’s Rhine and Danube chains to the ,,island-like” ones near
Bayreuth and Wuerzburg-Coburg. Since StarZinsky was an officer of the Habsburg Gen-
eralstabquartier, all of these indirect indication points toward that the StS survey and the
earlier Cassini surveys were both applied as the ,,geodetic basis” of the Schmitt’s map.
Knowledge about the applied field technology, however, makes this conclusion a bit con-
troversial. As in the earlier Josephinische Landesaufnahmen, only the graphic triangulation
on coupled measuring tables was used, which provided sufficient accuracy at smaller dis-
tances. It seems that the first Cassini triangulations were integrated into the detailed topo-
graphic surveys also along the Main River; for the surveys outside the triangulation net-
work, however, the proven graphic triangulation along the noon lines (meridians) was ap-

plied, which is difficult to maintain in intersected and mountainous terrain.

Introduction

In the field of surveying and cartography, both the French and the Austrians were pioneers, shaping
later developments at the European level: the French were leaders in the basic principles of mapping
especially in triangulation, while the entire Austrian territories were covered by one of the first area-
wide topographic surveys.

The first nation survey that was based on an exact geodetic survey, i.e. on triangulation, is the
famous "Carte de la France" (1744-1750) by Cassini de Thury (Cassini III). The map appeared at a
scale of 1:86,400. Cassini created a geodetic framework for the map with his triangulation chains.
The Josephinian National Survey (Josephinische Landesaufnahme, 1763-1787), was produced de-
cades later and is also a milestone in the history of cartography. It is the first coherent detailed series
of maps. The military topographic survey of the Habsburg Monarchy, consisting of more than 5,000
map sheets (Torge, p. 79.), was assembled from 21 individual partial surveys. The crown lands of
the empire are depicted at a scale of 1:28,000 with a high degree of detail.
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Schmitt's map of Southwestern Germany was created in the follow up to the Josephinian Nation
Survey, as the theatre of war shifted from the Habsburg Monarchy to the southwestern part of the
Holy Roman Empire of the German Nation. The map was published at a scale of 1:57,600, which
corresponds to half the military scale and is located between the French and Austrian map series.
Schmitt's Map was designed purely as a war map for secret use by the Austrian General Staff (his-
torically: k.k. Generalquartiermeisterstab) and never made it to print.

It can be understood as a precursor of official topographic maps (Sperling, 1972). The map is of
cartographic historical importance because the entire work was completed in an unusually short
time of only 20 months. This remarkably short survey period makes the representation practically
a snapshot. Due to the relatively high level of details, the map achieves a high degree of informative
value and provides significant source material from pre-industrial times for research on both the
natural and the cultural landscape. Particularly notable is the depiction of the natural vegetation
cover, especially the wetlands that were still intact at the time. Considering the fact that 95 % of the
moor landscapes in Germany were drained and thus the most efficient carbon dioxide reservoir was
lost, the document provides extremely important information for renaturation plans for climate pro-
tection.

In the literature, the map is considered the last purely graphic triangulation map in European car-
tography and thus represents a turning point in the history of military cartography of Central Europe.
The authors postulate the new hypothesis that geodetic surveys preceded the mapping.

Cassini projection and method

The large-scale map of France mentioned in the introduction is the major work in Cassini's life.
César-Francois Cassini de Thury used a variant of the geographic coordinate system with Paris
origin for the development of the geodetic network and the creation of the topographic map of
France. The Cassini projection is a spherical coordinate system projected onto a transverse cylinder.
The projection is an equidistant coordinate system and is neither conformal nor equal-areal, but the
ordinates are represented conformally in length. The reason for its use was the simple method of
calculation.

The projection origin is the observatory in Paris, where the two axes of the coordinate system in-
tersect: the prime meridian and its tangent, to use Cassini's expression, the "perpendiculaire". If
positions in a list of coordinates are given in meridian-perpendiculaire, or meridian-perpendicular
in German, this is a clear indication of the Cassini projection.

Cassini defined his projection on a sphere, but used triangles with a sum of 180 degrees in his
triangulation calculations, thus performing his calculations in Euclidean geometry. By proportion-
ally "redistributing" the small deviation between the angles, he locally levelled the assumed spher-
ical surface in the area of the triangles.

Cassini's triangulation chains in Germany

After Cassini had completed the survey of France, he continued his work with longitude measure-
ments abroad (see Fig. 1). In order to triangulate the difference in longitude between the two scien-
tific centres of Europe at the time, the Paris Observatory and the Vienna Observatory, he extended
the Paris "Perpendiculaire" via Brest, Strasbourg and Munich to Vienna (Cassini, 1765). This trian-
gulation chain runs from Strasbourg first in a north-easterly direction around the Black Forest and
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then, after crossing the Stuttgart area, reaches the upper Danube. It leaves the Danube in the direc-
tion of Munich, then rejoins the Danube along the Isar and follows it practically to Vienna. Cassini
carried out another triangulation in Germany, in the Rhine Graben. This second chain follows the
Rhine north of Strasbourg to Mannheim and Frankfurt. In the territory of Wiirttemberg, some terri-
torial surveys were carried out beyond the narrow chains. He linked both triangular chains to the
French "basic geodetic network" with Parisian origin, in Strasbourg.

In addition to the two chains linked to Paris, Cassini (1775) reported the points and angular values
of three local triangulation networks not connected to the previous ones: the Wiirzburg-Schwein-
furt-Coburg-Bamberg region, the wider Bayreuth region and the narrower Salzburg region in Aus-
tria (Torge, 2009: 75). As these networks were not linked to the chains connected to Paris and no
astronomical measurements were taken, the coordinates of the points are not given.

[T ; W T & 3 e

Figure 1: Triangular chains surveyed in the 1760s by César-Francois Cassini de Thury in the area of Schmitt's map of South-
western Germany. The Danube and Rhine chains are connected to the French network and thus to Paris at Strasbourg. The
two northern (Wiirzburg, Bayreuth) and one small southern (Salzburg) networks are not connected to the abovementioned

chains. Source of originals: Vienna War Archives, signature of Schmitt's Map: B IV a 72-1

Graphic triangulation with the plane table*

The plane table survey is actually known for topographic detailing with a given triangular grid;
however, until the end of the 18th century, it was also used by the Austrian General Staff for nation
survey, including whole provinces of the Habsburg empire. This meant that triangles were deter-
mined graphically in the Josephinian Nation Survey, completely without or only partial any precise
measurement of angles. The procedure is described in great detail by the Hanoverian engineer
Hogrewe. So, the survey proceeded from a single sheet to many attached sheets without a geodetic

4 Also: Surveyor’s table, surveying plane table, mensula praetoriana, Meftischerl.
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reference frame, often comprising several hundred sheets: The military requirement gave speed
preference over accuracy.

With graphic triangulation, the time-consuming calculations were no longer necessary, but this was
at the cost of accuracy. The problem of more distant fixed points (first-order trigonometric points
TP1) that lay outside the central survey sheet was solved with the help of Dumont's plane table, in
which 6 survey tables were coppled to each other (see figure 2). The orientation was along the noon
or meridional line (meridian) of the centre of the sheet. The survey was done sheet by sheet starting
from the centre to the edges, i.e. it was synchronised in a column along the latitude circle (perpen-
dicular column) and in the north or south direction as a meridional column. Starting from the per-
pendicular column, the other attaching survey sheets were taken to the South or North. In order to
achieve the necessary stability of the triangular network, the meridional line was determined for
each survey sheet; at least one base line per sheet had to be surveyed and further additional base
lines had to be shared with the attaching sheets. This organisation of work made it possible to have
many engineer geographers working in the field at the same time. All surveys had to start from a
central location, the "zero point" of the Dumont’s plane table.

The full military scale of the plane table draft sheets (brouillons as pencil drawings, i.e. drafts) was
still relatively rough at 1:28,8000, so that detailed drawings for towns and fortresses had to be taken
at double the military scale of 1:14,400 and fitted into the plane table sheet’. In case of Schmitt’s
Map four of these plane table sheets were reduced for the final sheet at a half military scale of
1:57,600, which are now kept in the Vienna War Archives. The rapid plane table survey could be
verified experimentally by the author.

As shown below, Cassini's triangulation grids were also incorporated into the topographic detail
surveys, which improved accuracy and speeded up the nation survey.

A degree section by longitude and latitude of the sheets is missing, although it would have been
possible by connecting to Cassini's triangulation network. A supplementary measurement of geo-
graphical location of a triangulation main point (TP1) is not known.

5 During the French survey of the Rhineland in 1801-1813, the much more detailed scale of 1:2,000 was also
common!
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Figure 2: Organisation of the graphic triangulation on Dumont's plane table (i.e. six coupled surveying tables), starting from a
central brouillon (" point zero "). The principal column (oriental column) runs with the meridional line to the South and the
perpendicular column runs along the circle of latitude to the East and West. The main points targeted by the two c are also

located in the neighbouring brouillons. Four standpoints lie in the central brouillon.

Geodetic basis of the map

Due to the fact that Cassini and Liesganig jointly carried out triangulations in the area of Vienna in
1761 (Kretschmer/Dorflinger/Wawrik, 1986, p. 448), it is assumed by authors that the Cassini
method was already used in the Josephinische Landesaufnahme (Molnar, Timar, 2015). Since re-
searchers assume that Schmitt's map was based on the instructions of this earlier survey in the Habs-
burg-Hungarian Monarchy (Stigloher, 1984, pp. 27-28), the authors pursue the hypothesis that the
engineer geographers® of the Austrian General staff (k.k. Generalquartiermeisterstab) also used
Cassini's triangulation chains when surveying the southern German territories. However, Cassini's
triangulation does not yet provide a geodetic framework for the entire territory of Schmitt's map;
moreover, the origin zero point for the southern German territory was unknown.

The first reference to the use of the Cassini projection and at the same time to its parameters was
found on a "Scelett zur Ubersicht der groBen durch den Generalstab aufgenommenen Karte" dis-
covered by Stigloher in Schmitt's map material in the Vienna War Archives. Stigloher described
that on this draft the following note can be read: "...the Paris meridian and its perpendicular (Per-
pendiculaire); these are swept to the east against the frame grid by about 5 alt degrees...". He did
not give any importance to this indication, as there is another comment in pencil on the page: "un-
usable". For this reason, Stigloher rejected the usability of the document (Stigloher, 1984, pp. 34-
35). However, the authors considered this information significant and used the Cassini projection
with this information on the prime meridian for georeferencing the map.

¢ Surveying officers in the service of the Austrian general staff; in Austrian German “Mappierende Offiziere” or
“Mappeure” or simply “Aufnehmer”, in France “ingénieur géographe”, in Prussia “Ingenieurgeographen”, in Eng-
land “geographical engineer”, in the US “Geographers of the Army”, in the following often denoted as “surveyor”
not to be confused with the civil “Geometer”.
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To test the accuracy of the hypothesis, the authors compared two georeferencing methods for the
same map series. The basis for georeferencing in both cases is the mosaic map of the scanned sec-
tions provided on the MAPIRE portal. This image mosaic was georeferenced for the MAPIRE pro-
ject by a quadratic transformation in UTM zone 32. For this, 130 spatially uniformly distributed
control points (GCPs) were used. The resulting "raw" georeferenced dataset was further refined
with a correction grid, a variant of NTv2, which contains the remaining errors of the above 130
points. The average accuracy for the Schmitt's map after the "raw" georeferencing is about 2 km.
This accuracy could be improved to 600-1,000 m with the use of the correction grid.

The same image mosaic was also used as the input data set for the second georeferencing. With the
help of a simple linear or Helmert transformation and using the Cassini projection with Paris origin,
the map series was georeferenced with only 5 control points. A key characteristic of the linear or
Helmert transformation is that the map sheets remain undistorted. With this method, a comparable
accuracy could be achieved in the resulting dataset as with the quadratic transformation into the
UTM projection.

This alone is a strong indication that the Cassini projection with the Paris origin is a possible model
for the coordinate system of the map series - and a much better model than the obviously inferior
UTM projection.

Rediscovery of the Starzinsky-Sarret drafts and their georeferencing

Another hint by Paldus aroused the interest of the authors: He mentioned in 1919 that Schmitt's map
series was based on the graphic triangulation of Lieutenant Colonel Starzinsky and Captain Sarret
(Paldus, 1919, p. 13). However, Stigloher, who researched the map most comprehensively, found
no trace of this survey material in the Vienna Military Archives. The authors found the four map
drafts of these surveys in the same archive, which were thought to have been lost, and which depict
a network of points. A closer look reveals that the points run from Frankfurt to Ingolstadt and Re-
gensburg. No coordinate notes could be found for the Starzinsky-Sarret drafts, so that a purely
graphic transfer of the surveying drafts to the plane table sheets can be assumed. Unfortunately, a
triangulation network is only drawn in the area north-northwest of Frankfurt in the survey drafts.
On the other drafts only points, sighting rays and editing lines can be seen. There are also calcula-
tions in pencil on the drafts, but these could not be deciphered. Nevertheless, it seemed plausible to
the authors that the network of dots in the drafts connected the known Cassini chains in Germany.
Their hypothesis was that the isolated Cassini networks around Wiirzburg-Coburg and Bayreuth
were linked by the Starzinsky-Sarret points to Cassini's triangulation chains on the Rhine and Da-
nube.

Digital localisation of the survey drafts

The four Starzinsky-Sarret survey drafts could not be scanned in the Vienna War Archives, but only
photographed. This caused a perspective distortion that could be rectified with the projective trans-
formation of the QGIS Georeferencer module with an astonishingly good result: The geometric
accuracy when choosing the Cassini projection with Paris origin corresponded to about 300 to a
maximum of 500 m (Timar & Kiss, 2022).

The drafts merged in this way supported the hypothesis that Starzinsky and Sarret had linked the
insular Cassini triangulations without coordinates in the region of Wiirzburg-Coburg and Bayreuth
to the other two Cassini chains.
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The fact that the drafts could be located with the accuracy described above leads the authors to
believe that these points were recorded in Cassini's projection.

Virtual triangulation

As already mentioned, only one of the StarZinsky-Sarret drafts shows a triangulation network.
Whether the Austrian officers triangulated in the areas of Wiirzburg, Bamberg, Nuremberg and
Ingolstadt and these survey drafts have disappeared or whether the triangulation survey was not
even carried out is unknown. In the digital world, however, a fictional triangular survey can be
virtually recreated.

Since the drafts by Starzinsky and Sarret show identical points with the Cassini chains, these iden-
tical points were first selected as fixed points. Furthermore, the highest points were filtered out of
the other points with the help of the SRTM model, since the assumption was made that the highest
points functioned as fixed points at that time. Although the Shuttle Radar Topography Mission was
carried out only in 2000, it can be assumed that the height of the points relevant for a potential
survey has not changed significantly overall since the end of the 18th century.

The points that appear both in the Cassini nets and on the Starzinsky and Sarret drafts, as well as
the highest StarZinsky-Sarret points, were thus virtually linked to each other in order to recreate a
potential triangulation.

Figure 3 shows this virtual triangular network. Black-green dashed lines show the Cassini triangu-
lation chains, which have coordinates and are linked to the French triangulation network via Stras-
bourg. Black-magenta dashed lines show the isolated Cassini chains without coordinates. In grey
are the triangular chains derived from the Starzinsky-Sarret drafts. Dotted in grey are the chains for
which Starzinsky and Sarret drew the triangles, dotted in grey are the hypothetical triangulation
chains.

Figure 3: The Starzinsky-Sarret survey chain (assumed partially to be triangulation), connecting the Cassini triangulation
chains at the northern edge of the Schmitt map along the Main River between the Danube and Rhine. Of the points provided,
triangulation points were assumed where the SRTM elevation model shows summits, which allows the visibility between
them.
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Even if the same virtual and hypothetical triangulation chain is shown on the Starzinsky-Sarret
drafts, it can be seen that the Austrian reconnaissance surveyors linked the Cassini triangulation
networks without coordinates to the Cassini chains along the Danube and Rhine, thereby simulta-
neously creating a link with the French geodetic basin network (Fig. 4).

Figure 4: Mosaic of Starzinsky-Sarret drafts found and photographed in the Vienna Military Archives (B IV a 72-2), then
georeferenced by orthorectification.

As can be seen in Figure 5, the partly real, partly hypothetical virtual triangulation chain (shown in
grey) runs along the edge of the area covered by Schmitt's map and supports the hypothesis that it
is the geodetic framework of the map.

Figure 5: All of the documented triangulation chains of Cassini (green and purple) and the assumed ones by Starzinsky &
Sarret (grey), covering the central and northern part of the survey and map of Schmitt of South Germany.
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Supplemental triangulations

Period witness Ammann, at that time the princely Augsburg land surveyor (Obergeometer), re-
ported in January 1798 how he had performed triangulations in the Augsburg territory with the
sextant. He was also familiar with the Cassini triangulations on the Danube, which he wanted to
integrate into his network. He also mentioned triangulations on Lake Constance and the Upper
Rhine by the Swiss engineer Feer and in Swabia by geometer Bohnenberger. In January 1798 Am-
mann travelled with two Austrrian officers from the headquarters in Mannheim. to record further
triangles with his sextant at Pappenheim, Eichstdtt, Wiilzburg and Ingolstadt, close to Danube river..
Amman went on to note that triangulation proved particularly useful in forested terrain, where
Dumont's plane table, which was useful for short or medium sight distances, had to fail (Ammann,
Letter 1798, Geographical Ephemerides’: p. 357).

The authors suppose that more documents concerning the period triangulation 1796-98 performed
by civil geometers are most likely to be found in local archives of Bavaria, Baden and Wiirttemberg
as they were not handed to the Austrian general staff. Especially the recordings of Bavarian colonel
Adrian v. Riedl who was performing an independent survey on behalf of the Austrian general staff
would be a most likely candidate.

Rapid surveying with the plane table and "4 la vue"

The motto of the entire Schmitt’s surveying could be "The most important thing in surveying is to
get it done completely"’.
The instrumental equipment for the 30 engineer geographers of the Austrian General Staff was

extremely simple and could easily be transported on a packhorse (Fig. 6.).
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Figure 6: Instrumental equipment for topographic surveys according to Hogrewe: light English survey plane table, diopter
ruler with 2 folding sights, transversal scale. The plane table was always plumbed centrally above the reference point, so that
a horizontal parallax error resulted here, which was, however, negligible at large distances. The table was roughly levelled by
eye by the position of the legs, not by adjusting screws, as was actually the state of the art. There is no Spirit Level for level-

ling, so a billiard ball may have been used for this purpose. (Hogrewe, Topographische Aufnahme, Tab. I)

7 According to Prof. Benzenberg about the Bergisch cadastre: "The most important thing about the cadastre is that
it should be finished."

[92]



e-Perimetron, Vol. 19, No. 2, 2024 [48-96] www.e-perimetron.org | ISSN 1790-3769

Within the triangulation network, the bulky Dumont’s plane table was superfluous and the sur-
veying with one light plane table was completely sufficient, where the network only had to be
compacted with some supplementary fixed points (TP of low order) with forward incisions.
Possibly the available angle measuring instruments, such as sextant or graphometer, which were
part of the general equipment of the recorders, were also used here. The measured angles then
had to be transferred to the brouillon with the help of a protractor. Standard lines were no longer
necessary here; the location of the plane table was determined during detailing (topographic
survey) by cutting backwards (stationing).

The meridional line for the orientation of the plane table was determined with simple methods,
such as shadow casting, and from this the magnetic declination of the boussole (compass) was
derived, which depends on place and time. Since the map series is directed to the west, the
meridional line is horizontal.

Outside the triangulation network, Dumont's plane table or Hogrewe's graphic triangulation,
which only required one measuring table, could have been used to couple the attached brouil-
lons (plane table draft sheets). For both methods, the time-consuming measurement of multiple
base lines was necessary, because the multiple redundancy resulted in an improved stability of
the sheet sections. Although it is fully conceivable that the meridional line could be taken as a
base line at the same time, there are too many obstacles to its practical application, as the author
was able to demonstrate in a field trial.

Surveying “a la vue”: Since the nation survey was under extreme time pressure, further provi-
sional surveying methods without a plane table were used, up to mere estimation by eye (coup
d’ceil). Base lines were to be determined with the iron measuring chain, but further distances
were often just walked or ridden off. Where city plans or topographical maps were at hand,
these were also included in the plane table draft sheets (brouillons) and saved time instead of
one's own surveys. An experienced surveyor could record a square post mile (about 57 square
kilometres) in eight "sunny" days!

The plate of draft survey sheets (brouillon) measured 24 x 16 Viennese inches, i.e. 63.21 x
42.14 cm in the full military scale of 1:28,800. This corresponded to an area of 18.2 x 12.1 km,
with the longer side facing west and oriented along the meridional line.

The brouillons (plan table draft sheets as pencil drawings) taken in the field were drawn to
perfection in the quarters. The collected brouillons were assembled 2 x 2 in the headquarters,
tensions at the edges equalised, reduced to half military scale and laid out in colour.

We are therefore dealing with a patchwork of different surveying methods without these having
been documented in detail. This results in a highly fluctuating accuracy and a varying scale,
also probably orientation. Outside of the triangulation network, it is difficult to define a geodetic
basis at all that could be derived from the surveying methods.

Conclusions

The Danube and Rhine triangulation chains of César-Frangois Cassini de Thury were used as
the "primary" or “first order” geodetic network for Schmitt's map of southern Germany.

These chains, partly connected with the two networks along the Main River, also surveyed by
Cassini, separately from the abovementioned ones, were supplemented in the northern part of
the map by the StarZinsky-Sarret rapid survey. Actual triangulation drafts were also produced
at the western end of this survey. Between Wiirzburg and Regensburg, however, only drafts
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showing points were found in the archives. Nevertheless, these points allowed the drafts to be
georeferenced to an accuracy of 300 meters or even better in Cassini projection.

Although it can be assumed that the Starzinsky-Sarret survey also used some kind of point set
and survey that could be used as a “first-order” triangulation network, the best we can indicate
is that it covered all the important summits in the surveyed area and that the internal accuracy
and consistency of the drafts are good. Nevertheless, the documented technology of the survey
was certainly the plane table method. This may also explain why the internal alignment con-
sistency of Schmitt's map of southern Germany is less accurate than that of the Cassini and
Starzinsky-Sarret surveys.
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