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Abstract: The paper describes how Emperor Francis |
made a law about cadastral survey for the needs of
land taxing and establishing the first stable cadastre
in a graphic way. The territory of present Croatia was
divided into four coordinate systems: the Krim, Vien-
na, Budapest and Klostar Ivani¢ ones. Their origins
have been preserved and geodesists in the whole
Europe consider them as their monuments. Namely,
cadastral surveys in Europe have played a significant
part in those countries' economies.
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1. Introduction

In old Babylon, Egypt and Greece, rulers gathered
taxes from their people in order to be able to organize
and finance their armies, administrations and construc-
tion of roads, canals and buildings. During the 18th and
19th centuries of the new age, Europe had rapid develop-
ment of industry, manufacture and cities. European rulers
required additional money to defend their countries, con-
struct roads, canals and other public objects, as well as
to establish administration to collect taxes.

The need arose for a scientific way to determine posi-
tions in space and survey and take inventory of their con-
tent and graphically and descriptively represent all

content related to land. Topographic maps as accurate as
possible had to be produced for needs of the army, road
and canal construction, as well as to establish cadastre
and land register.

In antiquity, Eratosthenes of Cyrene (276 - 194 B. C.)
stated that accurate maps could be produced using sur-
veyed latitudes and longitudes. Accurate clocks (chronom-
eters) did not exist at the time, so it was a problem to
survey longitudes.

However, astronomic measurements could not meet
new strong requirements of map and plan accuracies in
the new age. A new approach had to be applied to pro-
duce accurate maps using trigonometric network. In or-
der to achieve such a feat, trigonometric knowledge need-
ed to be advanced. Origins of trigonometry can be found
in works of the famous Alexandrian scientist Aristarchus
of Samos (310 — 230 B. C.). After developing in Indian
and Arabic mathematics, trigonometry was brought to
Europe in the 15th century (Gusi¢ 1995, page 239).

German mathematician and astronomer Johannes
Regiomontan (1436-1476) (real name Johann Miller)
wrote Five Books About All Types of Triangles (De trian-
gulis omnimodis libri quinque) in the middle of the 15th
century. The first book contained all existing knowledge
about trigonometry which affected its development in the
whole Europe. The work also affected the development
of technical knowledge. Trigonometry has not depended
on astronomy ever since.

The first proposal of using trigonometric network (tri-
angulation) as a new method of determining position on
the Earth was described by a Flemish mathematician, car-
tographer, physician and astronomer Reigner Gemma
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SazZetak: U radu je opisano kako je car Franjo I. donio
zakon o katastarskoj izmjeri za potrebe zemljiSnog
oporezivanja i uspostavi prvoga stabilnoga katastra,
i to grafi¢kim nac¢inom. Teritorij danasnje Hrvatske bio
Je podijeljen na Cetiri koordinatna sustava: Krimski,
Becki, Budimpestanski i KloStarivanicki. Ishodisne
toCke tih koordinatnih sustava sacuvane su do
danasnjih dana i geodeti ih u ¢itavoj Europi ¢uvaju
kao svoje spomenike. Naime, katastarske izmjere u
Europi imale su, a i danas imaju, veliki znacaj u gos-
podarstvima svih drZava.
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geodetski topografski stol, zakon o katastarskoj
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1. Uvod

Vec¢ u starom vijeku u Babilonu, Egiptu i Grékoj viadari
su skupljali poreze (davanja) od svojih podanika da bi
mogli organizirati i financirati vojsku, administraciju i
izgradnju putova, kanala i javnih zdanja. U novom vijeku,
krajem 18. i poCetkom 19. stoljeca, doslo je u Europi do
naglog napretka industrije, manufakture i razvoja gra-
dova. Vladarima u Europi trebalo je sve vise novca za
obranu drzave, izgradnju cesta, kanala i ostalih javnih
objekata, te za uspostavu sve bolje administracije, koja
Ce ubirati od kraljevih podanika.

Zato se pojavila potreba da se na znanstveni nacin
odredi mjesto u prostoru i njegov sadrzaj izmjeri, inventari-
zira, te grafi¢ki i opisno predoci sve $to je vezano uz

zemlju. Trebalo je izraditi $to tocnije topografske karte
za potrebe vojske, izgradnju cesta i kanala, ali i za
uspostavu katastra i zemljisnih knjiga.

Vec¢ je u starom vijeku Erastoten iz Kirene (Eratoste-
nes) (276-194. pr. Kr.) izrekao misao da se to¢ne karte
mogu izraditi s pomoc¢u izmjerenih geografskih Sirina i
duZina mjesta. U to je doba bio problem mjerenja geo-
grafske duzine mjesta, jer nisu postojali to¢ni satovi (kro-
nometri).

Medutim, te tada velike zahtjeve za to¢nost izrade
karata i planova u novom vijeku nisu mogla zadovoljti
samo astronomska mjerenja. Zato se morao pronaci novi
pristup za izradu to¢nih geografskih karata uz pomoé
trigonometrijskih mreza. Da bi se to moglo postici trebalo
je usavr8avati znanje iz trigonometrije. Tako se javljaju
zaceci trigonometrije u radovima slavnoga aleksandrij-
skog znanstvenika Aristarha sa Samosa (310-230. pr.
Kr.). Nakon razvoja u indijskoj i arapskoj matematici,
trigonometrija je prenesena u 15. stoljecu u Europu (Gusi¢
1995, str. 239).

Njemacki matemati¢ar i astronom Johannes Regio-
montan (1436-1476) (pravim imenom Johann Muller)
napisao je sredinom 15. stoljeca djelo Pet knjiga o tro-
kutima svih vrsta (De triangulis omnimodis libri quinque).
U prvoj knjizi objavio je sve dotadasnje znanje iz trigo-
nometrije, koje je utjecalo na razvoj te vrste znanosti u
cijeloj Europi. To je djelo utjecalo i na razvoj tehni¢kog
znanja. Od tada je trigonometrija neovisna o astronomiji.

Prvi prijedlog uporabe trigonometrijske mreze (trian-
gulacije) kao nove metode odredivanja poloZaja na Zemlji
opisao je flamanski matemati¢ar, kartograf, lijecnik i as-
tronom Reigner Gemma Frisius (1508-1555) u svojem
radu Libellus de locarum u Apianovoj Cosmographiji iz
1533. godine.
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Frisius (1508—-1555) in Libellus de locarum in Apian’s Cos-
mography from 1533.

However, Willebrord Snell van Royen (Latin Snellius)
(1580-1626), a Dutch mathematician, physicist, astrono-
mer, and arguably geodesist was the first to apply a trigo-
nometric network to determine distances between points
Bergen op Zoom (¢ = 51°30', L = 4°17') and Alkmaar (¢ =
52°38', k. = 4°44") in order to determine the Earth’s radius.
He elaborated the procedure and published it in the book
Dutch Eratosthenes (Eratostenes Batavus: De terrae am-
bitus vera quantitate) in 1617. The work is considered the
beginning of scientific geodesy. He also wrote the book
Doktrina triangulorum about trigonometry in 1627, which
was published a year after his death.

This method only required one to measure one side
of atriangle as accurate as possible, while the other sides
could be calculated by knowing at least two angles in
each of the triangles (Fig. 1). It should be mentioned that
at the time, angles could be measured more accurately
than long sides, especially on a rough terrain. This con-
tinued to be the case until electronic distance meters were
constructed in the second half of the 20th century.

In a triangle network, i.e. trigonometric network, the
triangles are touching each other and it is only necessary
to measure the length of a single side of a triangle in the
entire network. This length could be measured where the
terrain was flat and where it was the easiest to do.

Therefore, starting from Snellius, trigonometric net-
works gradually became the basis for all further cadas-
tral land surveys in all European countries: France, Eng-
land, Bavaria, Austria-Hungary, etc. This continued to be
the case until the present day when artificial Earth’s sat-
ellites are employed for this purpose: GPS (Global Posi-
tioning System), GLONASS (Globaljnaja navigacionaja
sputnjikovaja sistema, Global Navigation Sputnik Sys-
tem) and others.

Fig. 1. Trigonometric network in which only one
triangle side and at least two angles in each of the
triangles was measured

Slika 1. Trigonometrijska mreZa u kojoj je izmjerena
samo jedna duZina stranice trokuta i najmanje po dva
kuta u svakom od trokuta

Fig. 2. A portrait of Empress Maria Theresa (URL 1)
Slika 2. Portret carice Marije Terezije (URL 1)

2. Decision to Establish the First
Accurate Cadastre

Maria Theresa, the Empress of the Holy Roman
Empire of German Nationality and the Croatian-Hungar-
ian queen (May 1, 1717 — September 29, 1780) ruled
from 1740 to 1780 (Fig. 2). In 1756, she enacted a unique
measure of length for all countries of the Austrian Em-
pire. This was the Viennese fathom, 1.896484 m long.
Thus she made the foundation for many future topograph-
ic maps and cadastral plans, but which would continue
to be used for old plans for more than two centuries.
During the Empress Maria Theresa’s reign, the so-called
Generalquartiermeisterstab (GQMSt) was established in
1758 and functioned until 1865.

In addition, under an order by Empress Maria There-
sa, in 1762 Liesganig measured the length of basis at Wien-
er Neustadt which would later become the fundamental
measured line segment for determining line segments be-
tween trigonometric points in all coordinate systems of the
first cadastral survey in the Austrian-Hungarian Empire.

The Emperor Joseph Il the Reformer (March 13, 1741
— February 20, 1790) was the Emperor of the Roman
Empire of German Nationality who did not have the for-
mal right to the title of the Croatian-Hungarian king, be-
cause he was not crowned with the crown of St. Stephen,
and he ruled until 1790 (Fig. 3). He issued a law (decree
— patent') about peasant emancipation, allowing them to
migrate, among other rights. Unfortunately, peasants
never found out about the decree due to resistance from
lower administrative bodies. His reign also included the

" The word patent has different meanings, i.e.: 1) decree, charter, order,
decision, solution, diploma, certificate; 2) craft or trade license; 3)
license issued to an inventor for exclusive use of an invention
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Fig. 3. A portrait of Emperor Joseph Il (URL 2)
Slika 3. Portret cara Josipa Il. (URL 2)

Medutim, Willebrord Snell van Royen (latinski Snelli-
us, 1580-1626), nizozemski matemati¢ar, fizi¢ar, astro-
nom, a moZe se reciigeodet, prvi je primijenio trigonomet-
rijsku mrezu za odredivanje udaljenosti izmedu tocaka
Bergen op Zoom (¢ =51°30',1. = 4°17") i Alkmaar (¢ = 52°38',
L = 4°44") za odredivanje polumjera Zemlje. Razradio je
postupak i objavio ga 1617. godine u radu Holandski
Eratosten (Eratostenes Batavus: De terrae ambitus vera
quantitate), koji se uzima kao pocetak znanstvene geo-
dezije. Godine 1627. objavio je i rad o trigonometriji Dok-
trina triangulorum, koji je tiskan godinu dana nakon nje-
gove smrti.

U toj metodi trebalo je $to tocnije izmjeriti samo jednu
duljinu stranice trokuta, a ostale stranice trokuta mogle
su se izratunati s pomoc¢u izmjerena najmanje dva kuta
u svakom od trokuta (sl. 1). Pritom treba naglasitidaje u
to doba bilo moguée to¢nije izmjeriti kut nego dugacke
stranice, posebice na neravnom terenu. Tako je bilo sve
do konstrukcije elektronickih daljinomjera u drugoj polovici
20. stoljeca.

U mrezi trokuta, tj. u trigonometrijskoj mrezi, trokuti
su naslonjeni jedan na drugi i dovoljno je izmjeriti duljinu
samo jedne stranice trokuta u Citavoj mrezi. Ta duljina
stranice mogla se izmjeriti na mjestu gdje je teren ravan,
gdje je to bilo najlakse uginiti.

Zato su, pocevsi od Snelliusa, trigonometrijske mreze
postale postupno osnova za svu daljnju katastarsku
izmjeru zemljidta u svima europskim drZzavama: Francus-
koj, Engleskoj, Bavarskoj, Austro-Ugarskoj itd. Tako je
bilo sve do danas, kada se za tu namjenu koriste mjerenja
s pomoc¢u umjetnih Zemljinih satelita: GPS-a (Globalni
pozicijski sustav), GLONASS-a (Globaljnaja navigaciona-
ja sputnjikovaja sistema) i drugih.

Fig. 4. A portrait of Emperor Francis (Franz) (URL 3)
Slika 4. Portret cara Franje (Franza) I. (URL 3)

2. Odluka o uspostavljanju prvoga
toénoga katastra

Marija Terezija, carica Svetoga Rimskoga Carstva
Njemacke Narodnosti i kraljica hrvatsko-ugarska (13. V.
1717 — 29. 1X. 1780), vladala je od 1740. do 1780. (sl.
2). Godine 1756. donijela je zakon o jedinstvenoj mjeri
za duZine za sve zemlje austrijske carevine. Bio je to
becki hvat, koji je bio dugacak 1,896484 m. Na taj je
nacin postavila temelj na kojem ¢e se dugo godina poslije
izradivati topografske karte i katastarski planovi, a oni ¢e
opstati u upotrebi na starim planovima viSe od dva
stolje¢a. Za vrijeme carice Marije Terezije 1758. godine
osnovan je i tzv. Generalquartiermeisterstab (GQMSt)
pri generalStabu, koji je radio sve do 1865. godine.

Osim toga, Liesganig je, po cari¢inoj naredbi, 1762.
godine izmjerio duZinu osnovice kraj Wiener Neustadta,
koja je poslije uzeta kao osnovna izmjerena duZina za
odredivanje duljina izmedu trigonometrijskih to¢aka u
svima koordinatnim sustavima prve katastarske izmjere
u Austro-ugarskom carstvu.

Josip II. reformator (13. lll. 1741 —20. Il. 1790) bio je
car Rimskoga Carstva Njemacke Narodnosti, koji nije
imao formalno pravo na naslov hrvatsko-ugarskoga
kralja, jer nije krunjen krunom sv. Stjepana, a vladao je
sve do 1790. godine (sl. 3). On je izdao zakon (dekret —
patent’) o emancipaciji kmetova, dajuciim, medu ostalim,
slobodu seljenja. Nazalost, zbog otpora nizeg upravnog
aparata kmetovi za taj dekret nikad nisu doznali. Za

"Rije¢ patent ima razli¢ita znacenja, npr.: 1) dekret, povelja, nared-
ba vlasti, odluka, rjeSenje, diploma, svjedodzba; 2) dozvola za
pravo vodenja obrta ili trgovine; 3) dozvola koja se izdaje izumite-
lju za pravo isklju€ivog iskori$tavanja izuma
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Fig. 5. The first page of Emperor Francis I's Order
About Cadastral Survey for Land Taxing Needs of the
so-called stable land cadastre from December 23,
1817 (Korosec 1978, page 168)

Slika 5. Prva stranica Naredbe cara Franje I. od 23.
12. 1817. o katastarskoj izmjeri za potrebe zemljisnog
oporezivanja, tzv. stabilnoga katastra zemljista
(Koroec 1978, str. 168)

“Joseph Il Tax Law”, which was very advanced at the
time. Those law’s regulations strived to a just and equal
land profit taxing for all groups of inhabitants, i.e. land
users.

There was also the “Joseph Il Land Cadastre” for the
entire Austrian Empire which was produced from 1780
to 1790. The cadastral survey included calculations of
cultivated parcel and forest areas, as well as field survey
sketches, but not cadastral plans (Bozi¢nik 1990). Since
it was very advanced, it met opposition from large land
owners, aristocracy and the Church.

Joseph II's successor, the Emperor Leopold Il (1747—-
1792), who ruled from 1790 to 1792, cancelled all of his
older brother’s reforms, even the Law on Land Cadastre

and the Tax Law. Thus the first systematical Joseph I
cadastral survey was abandoned.

The Emperor of the Holy Roman Empire of German
Nationality and Emperor of Austria, Francis (Franz) |
(1768-1835) (Fig. 4) ruled from 1792. He was advised
to take measures to begin a new and improved survey of
the empire. Thus preparations started in 1806, when the
Court Office was entrusted with creating a new land tax
system and when, in 1810, a special national committee
was established with the name Grundsteuer Regierung
Hof Commission and with the goal of creating a new land
tax system and introducing a stable cadastre. The term
stable cadastre — in professional terminology at the time,
about 1820, meant that cadastral survey was executed
exclusively by producing adequate graphical documen-
tation in the form of cadastral plans. In the earlier Joseph
[l cadastral survey, account was taken of cultivated par-
cel and forest areas, as well as field survey sketches,
but not produced cadastral plans (BoZiénik 1990).

At the same time, the emperor commanded the army
to prepare for establishing a trigonometric network for the
second land military topographic survey at the scale
1:28 800. Therefore, the Astronomical-Triangulation Of-
fice and the Topographic Institute were founded in GQMSt
in 1807. Members of the Court Committee were aware
that the main requirement for success of the cadastral
survey would be basically a precise trigonometric network.
In order to make the work as fast, efficient and cheap as
possible, collaboration was settled between all responsi-
ble factors in all activities of trigonometric work, topograph-
ic survey and plan production. Therefore, all preparations
were done very carefully in order to avoid previously made
errors. There were studies about contemporary cadastral
surveys in France and Bavaria based on a fixed trigono-
metric network and a detailed parcel survey. In addition,
test surveys were conducted.

The Committee took as the principle that the survey
should be conducted “from large to small’, wanting to
avoid errors of previous surveys conducted “from small
to large” method in which each cadastral district was
surveyed independently, which prevented the production
of maps of larger areas. Thus it was sought to establish
a common trigonometric network over the entire country
based on an existing precisely measured base line.

The whole empire was divided into 11 coordinate
systems with different prime meridians passing through
origins. There were four on the territory of present Croatia.
The Krim and Viennese were under Austrian authority,
and the Budapest and the Klostar Ivani¢ ones were un-
der Hungarian authority. This was done to reduce pro-
jection errors originating in dependence of distance from
the prime meridian.

When all had been planned in detail, the Emperor
Francis | issued an Order About Cadastral Survey for
Land Taxing Needs on December 23, 1817 (Fig. 5).

This date can be considered an important geodetic
historical date about the establishment of the first stable



KiG 2008, 10

Geodetski spomenici

el L &
.;r"-_.i",\_

_,/,r_

mﬁ vifi

: - e
: y
1 AP = }Jr“#‘ QU Al m’?/;"%/ =7 Awm 7

Aol e

e ]
L |

E‘ﬂn!-u.

CL )

1 2 i
rﬂl‘li“l'l-lilljlﬁ = ﬁb--'l [

- a

]
= .'l,,lu.-u |
ll.l."flh e

“h-‘ Lol L L
oA g

= —— g

Fig. 6. The first topographic key for producing cadastral plans as an integral part of Instrukzion fiir
Mesztischaufnahme from 1820 (Bozi¢nik 1978)
Slika 6. Prvi topografski klju¢ za izradu katastarskih planova iz 1820. godine kao sastavni dio Instrukzion fiir
Mesztischaufnahme (BoZiénik 1978)

njegove vladavine donesen je i “Jozefinski poreski za-
kon”, kao vrlo napredan za svoje doba. Odredbe toga
zakona teZile su pravednom i ravhomjernom oporezivanju
prihoda sa zemljiSta za sve slojeve stanovnitva, odnosno
korisnika zemljista.

Od 1780. do 1790. godine izraden je i “Jozefinski
katastar zemljiSta” za podrucje cijele austrijske carevine.
U toj katastarskoj izmjeri uz racun povrsina obradivih
katastarskih Cestica i Suma postojale su samo priru¢ne
skice terenskih mjerenja, a nisu bili izradeni katastarski
planovi (BoZicnik 1990). Kao vrlo napredan doZivio je
protivljenje veleposjednika, plemstva i Crkve.

Nasljednik Josipall., car Leopold Il. (1747-1792), koji
je vladao od 1790. do 1792. godine, ukinuo je sve refor-
matorske mjere svojega starijeg brata, pa i Zakon o izradi
katastra zemljista i Zakon o porezima. Tako je u Austriji
napustena prva sustavna jozefinska katastarska izmjera.

Car Svetoga Rimskoga Carstva Njemacke Narodnosti
i austrijski car Franjo (Franz) I. (1768-1835) (sl. 4) bio je
na vlasti od 1792. godine. On je na prijedlog svojih
savjetnika poduzimao mjere za otpocinjanje nove pobolj-
8ane izmjere prostrane carevine. Tako se s pripremama
zapocelo 1806. godine, kada je Dvorskom uredu povje-
rena izrada novog sustava zemljiSnog poreza, a 1810.
osnovano je posebno drZzavno povjerenstvo Grundsteuer

Regierung Hof Commission sa zada¢om izrade novoga
sustava uredenja zemljarine i uvodenja stabilnoga ka-
tastra. Rije¢ stabilni katastar — u struénoj terminologiji
onoga doba, oko 1820. godine — znacilo je da je kata-
starska izmjera bila izvedena iskljucivo s izradom odgo-
varajuce graficke dokumentacije u obliku katastarskih
planova. Na taj je nacin utvrdena razlika prema prije
izvedenoj jozefinskoj katastarskoj izmjeri, u kojoj su uz
obracun povrsina obradivih ¢estica i Suma postojale samo
prirucne skice terenskih mjerenja, a nije imala izradene
katastarske planove (Bozi¢nik 1990).

Usporedno s time, car je izdavao naredbe vojsci, od-
nosno generaltabu, za pripremu postavljanja trigo-
nometrijske mreze za drugu zemaljsku vojnu topografsku
izmjeru u mjerilu 1:28 800. Zbog toga su pri GQMSt-u
1807. godine osnovani Astronomsko-triangulacijski ured
i Topografski zavod. Clanovi Dvorskog povjerenstva bili
su svjesni da ¢e za uspjeh to€ne katastarske izmjere
glavni uvjet biti naslanjanja na preciznu trigonometrijsku
mreZu. Radi brzeg, efikasnijeg i jeftinijeg rada dogovorena
je tijesna suradnja izmedu svih odgovornih ¢imbenika u
svim poslovima trigonometrijskih radova, topografske
izmjere, katastarske izmjere i izrade plana. Zato su sve
pripreme izvedene vrlo pazljivo, uz nastojanje da se
izbjegnu prethodne pogredke. Prouavana su iskustva
tadasnjih modernih katastarskih izmjera u Francuskoj i
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Fig. 7. The first-order trigonometric point no. 172 on Krim - origin of the Krim Coordinate System and the brass
memorial plate (photo, August 2007)

Slika 7. Trigonometrijska toCka prvog reda broj 172 na Krimu - ishodiste Krimskoga koordinatnog sustava i
mjedena spomen-ploca (snimljeno, kolovoz 2007.)

cadastre in the entire Austrian-Hungarian Empire, and
therefore in Croatia as well. The cadastral survey was
supposed to serve the new land profit taxing system.

Much attention was paid to all surveying details, with
special care of survey tolerance and unification of all map
symbols on cadastral and topographic maps. Thus the
first topographic key for producing cadastral plans was
published as an integral part of Instrukzion fir Mesztis-
chaufnahme in 1820 (Fig. 6). In order to be able to con-
duct this great work in the same way for the entire em-
pire, strict military working discipline had to be introduced.
For example, there were punishments for non-profes-
sional work. If a professional error occurred and survey-
ing had to be repeated, the surveyor (leader of plane
table) who made the error had to pay two thirds of cor-
rection costs, and the inspector one third (Bozi¢nik 1978).

Despite all attempts to work correctly, there were
cases in which surveys had to be repeated, for example
works on trigonometric network conducted prior to 1861.
Namely, there were cases when new knowledge could
be applied in practice. For example, networks were at
first adjusted by an approximate (test) method. The least
squares method was conceived by Carl Friedrich Gauss
in Theoria motus corporum coelestum in 1809 and elab-
orated in detail in Suplementum theoriae combinationis
in 1826, and it was applied for the first time in Austrian
cadastral trigonometric network in 1861 (Bor€i¢ and
Fran€ula 1969, page 33).

The unit of length in that survey was the Viennese
fathom (Klafter), which was briefly indicated as 1° in the
Austria-Hungary (1° = 1.896484 m), and was divided into
six feet. One foot had 0.316081 m and was indicated as

1". A foot was divided into 12 inches, indicated as 1".
One inch had 2.634 cm.

A larger unit of length was a mile, which had 4000
fathoms, meaning it was 7585.94 m long.

The plan (detailed plans — sections) scale was:

1 inch on a plan = 40 fathoms in nature
(or, according to old Austrian-Hungarian notation,
1"=40°)

Since a fathom had 6 feet, and each foot had 12 inch-
es, it means a fathom had 72 inches. Thus the scale of
those plans was:

1 inch : 40 fathoms
1inch : (40 x 72) inches = 1:2880

Dimensions of detailed sheets (sections) in nature
were 1000° x 800°, which means plans at the scale
1:2880 were drawn on a paper with the size 25" x 20"
(i.e. 65.85 cm x 52.68 cm).

Areas were expressed in square fathoms, with 1
square fathom = 3.596652 m?2. A larger unit of area was
1 acre (1 acre = 1600 square fathom = 5754.642 m?)
(Macarol 1978).

July 13, 1871 is also an important date for geodetic
survey and cadastre production. Namely, that was the
day when meter was introduced in the Austrian-Hungary
as the new official international unit of length (Bozi¢nik
1978). The meter system officially replaced the Viennese
fathom system on that day. However, the old fathom sys-
tem continued to be used in practice, since existing offi-
cial documentation in cadastres and land register were
expressed in fathoms.
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Fig. 8. (left) View of the Krim hill from the platform on the south Ljubljana by-passing road (photo, July 2008)
Fig. 9. (right) Lookout in the vicinity of the origin where routes to major mountain peaks are drawn
(photo, August 2007)

Slika 8. (lijevo) Pogled na brdo Krim s odmorista na juznoj ljubljanskoj zaobilaznici (snimljeno, srpanj 2008.)
Slika 9. (desno) Vidikovac u neposrednoj blizini ishodidne tocke na kojem su oznaceni pravci prema vecim
planinskim vrhovima (snimljeno, kolovoz 2007.)

Bavarskoj oslonjenih na ¢vrstu trigonometrijsku mrezu i
detaljnu izmjeru ¢estica. Osim toga izvodena su i pokusha
mjerenja.

Povjerenstvo je prihvatilo nacelo da se izmjera pro-
vede po metodi “iz velikog u malo” ZeleCi pritom izbjeci
pogreske ranijih izmjera provedenih po nacelu “iz malog
u veliko”, kada je svaka katastarska opcina mjerila samo-
stalno, §to nije omogucilo sastavljanje karata veceg pod-
ru¢ja. Tako se nastojalo preko cijele drzave uspostaviti
zajednicku trigonometrijsku mrezu oslonjenu na postoje-
C€u precizno izmjerenu osnovnu (polaznu) stranicu mreze.

Cijela carevina bila je podijeljena na 11 koordinatnih
sustava s razli¢itim pocetnim meridijanima koji prolaze
kroz osnovne ishodiSne toCke. Na teritoriju danasnje
Hrvatske bilo ih je Cetiri: u nadleZnosti austrijskoga ka-
tastra bili su Krimski i Be€ki, u nadleznosti madarskoga
katastra Budimpestanski i KloStarivanicki. To je uinjeno
kako bi se smanijile pogreSke projekcije koje nastaju u
ovisnosti 0 udaljenosti od osnovnog meridijana.

Kad je bilo sve detaljno isplanirano, car Franjo I. izdao
je Naredbu o katastarskoj izmjeri za potrebe zemljiSnog
oporezivanja od 23. 12. 1817. (sl. 5).

Zato bi se taj datum mogao uzeti kao znatajan geo-
detski povijesni datum o uspostavi prvoga stabilnoga ka-
tastra u cijelom austrijsko-ugarskom carstvu, a tako i u Hr-
vatskoj. Ta katastarska izmjera ponajprije je trebala posluZiti
novom sustavu oporezivanja na prihode od zemljista.

Velika je pozornost bila posveéena svim detaljima
mjerenja s posebnim osvrtom na dopustena odstupanja
mjerenja i ujednacavanje svih kartografskih oznaka na
katastarskim i topografskim kartama. Tako je, medu
ostalim, bio izdan i prvi topografski klju¢ za izradu ka-
tastarskih planova iz 1820. godine kao sastavni dio

Instrukzion fiir Mesztischaufnahme (sl. 6). Da bi se izveli
tako veliki radovi i k tome na isti nacin za cijelu carevinu,
morala se uvesti stroga vojna disciplina rada. Tako su
bile uvedene i kazne za nestru¢no izraden posao. U
slu¢aju stru¢ne pogreske, ako je trebalo ponoviti mjerenja,
onaj mjernik (voditelj geodetskog stola) koji je pogrijesio
morao je snositi 2/3, a inspektor 1/3 tro8kova za ispravak
(Bozi¢nik 1978).

Unato¢ svim nastojanjima da se radi to¢no, bilo je
sluCajeva kada su se mjerenja morala ponoviti, kao na
primjer radovi na trigonometrijskoj mrezi izvedenoj prije
1861. godine. Naime, bilo je slu¢ajeva kada su se skupila
nova znanja koja je trebalo primijeniti u praksi. Na primjer,
u pocetku su mreze izjedna¢avane nekom pribliznom
(pokusnom) metodom. Metodu najmanjih kvadrata os-
mislio je Carl Friedrich Gauss 1809. godine u radu Theoria
motus corporum coelestum i detaljno ju razradio 1826.
godine u Suplementum theoriae combinationis, a prvi put
je primijenjena u austrijskoj katastarskoj trigonometrijskoj
mreZi 1861. godine (Bor€i¢ i Francula 1969, str. 33).

Jedinica za duZinu u toj izmjeri bila je be€ki hvat (Klaf-
ter) (1 hv = 1,896484 m), koji je u Austro-Ugarskoj kratko
oznaCavan 1°, a bio je podijeljen na 6 stopa. Jedna stopa
imala je 0,316081 m i bila je oznac¢avana kao 1'. Stopa je
bila je podijeljena na 12 palaca, koji su oznac¢avani 1".
Palac je imao 2,634 cm.

Veca jedinica za duljinu bila je milja, koja je imala
4000 hv, a to znati da je bila duga 7585,94 metra.

Prvotno mjerilo planova (detaljnih listova — sekcija)
bilo je:

1 palac na planu = 40 hvati u prirodi
(ili prema starom austrougarskom oznacavanju
1"=40°).

11
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Fig. 10. Surveyor's tools of the late 18th century, according to Lang's manual from 1804 (KoroSec 1978,
page 136). A pair of compasses with two spikes, i.e. tools for drawing and mapping points should be added.
Slika 10. Mjernicka pomagala kasnog 18. stolje¢a po Langovu priru¢niku iz 1804. godine (KoroSec 1978,
str. 136). Tu bi trebalo jo$ dodati Sestar s dva Siljka, tj. pribor za crtanje i kartiranje pojedinih toCaka.

2.1. Austrian cadastre

The Croatian areas included in the Krim Coordinate
System and the Viennese Coordinate System were in-
cluded to Austrian cadastre authority.

2.1.1 Origin of the Krim Coordinate System

The origin of the Krim Coordinate System is the first-
order trigonometric point no. 172 (Fig. 7) located on top
of the Krim hill, 1107 m high, about 15 km south of the
centre of Ljubljana and about 11 km from the platform on
the south part of the Ljubljana by-passing road (Fig. 8).
The brass memorial plate reads:

The first-order trigonometric point no. 172 on Krim is
the origin of the first cadastral survey of countries
Kranjska and Koruska, as well as the Littoral together
with Istria between 1817 and 1828, ¢ = 45° 55' 12.69",
L =14°28"15.96", H = 1107 m.

The point was ceremonially marked by Slovenian
geodesists on October 26, 1994, which can be read on a
tin plate below the memorial plate. In the vicinity, there is
also a gazebo or lookout (Fig. 7) where mountaineers
can view drawn routes to major mountain peaks. Accord-
ing to France Josip Cerne, graduate engineer, itis a place
where Slovenian geodesists meet annually, making ge-
odetic history in Slovenia more important, but also ac-
knowledging generations of geodesists in Slovenia.

The trigonometric network was divided into four orders.
The average distance between first-order trigonometric

points was about 34.5 km (Fig. 9), and about 15 km be-
tween second-order points. The third order was made by
densifying; there were at least three trigonometric points
in each Austrian square mile, which was one basic trigo-
nometric sheet. Angles in the trigonometric network were
measured with Reichenbach theodolites, and trigonomet-
ric points were marked with pyramids, pillars and other
signals. The fourth-order trigonometric network was de-
veloped graphically with a plane table on maps at the scale
1:14 000. Afterwards, a detailed survey could be conduct-
ed, also with a plane table, also called the Praetorius ta-
ble after its inventor, Johann Praetorius (1537-1616). The
plane table was later also improved by Johann Jakob
Marinoni (1676-1775) prior to test survey in Milan in 1714,
i.e. prior to the first Milan cadastre production (1720-1723).

Fig. 10 shows tools a geodesist had at disposal in
the field, Fig. 11 shows the principle of working with a
plane table, and Fig. 12 shows a plane table and an in-
strument called kipregel used to determine a straight line
to surveyed points on the plan.

Plane tables played a historical role in graphic ca-
dastre, because they were used to produce the fourth-
order trigonometric network and survey all detailed points
of cadastral survey and, for topographic maps, all char-
acteristic points of field configuration according to loca-
tion and height for so-called military topographic maps.

Horizontal angles in first- and second-order networks
were surveyed in 8 to 12 repetitions; vertical angles, i.e.
zenith distances were surveyed in two to four repetitions.



KiG 2008, 10 Geodetski spomenici

¢ the new determined point on the ground
I novo odredivana toCka na terenu

ab:AB=ac:AC=bc: BC

the first position of the planetable.~ : the second bbsition of the planetable
|. polozaj stola Z Il. poloZaj stola

the new determined point on the
field sheet
p\ Novo odredivana to¢ka na planu

'-_. e
the base on the ground
baza u prirodi

the planetable on the station point on the point A the planetable on the station point on the point B when
topografski stol na stajalistu na tocki A planteble is shifted from the point A
topografski stol na stajalistu na tocki B kad
je premjesten iz todke A

13

Fig. 11. A clear representation of field mapping by a forward intersection with a plane table (Praetorius
surveying table) from points A and B. The point C was determined. In point A, the table is oriented toward point
B and a straight line is drawn toward point C, and in point B, the table is oriented toward point A and a straight

line is drawn toward point C. The new point is at the intersection of the two straight lines. On the horizontal
plane table, one can see in point B that horizontal length in nature between points A, B and C are proportional
to length on the plan of the planetable between points a, b and c. The scale of the produced plan is the scale of
base relations, plan base and base in nature.

Slika 11. Zorni prikaz kartiranja terena presjekom naprijed s geodetskim topografskim stolom (Praetoriusovim
mjernim stolom) iz toGaka A i B. Novoodredivana tocka je C. Na tocki A stol se orijentira prema tocki B i ucrta
pravac prema tocki C, a na tocki B stol se orijentira prema tocki A i ucrta pravac prema tocki C. Novoodredivana
focka nalazi se u presjeku tih dvaju pravaca. Na horizontiranom geodetskom stolu u tocki B vidi se da su
horizontalne duljine u prirodi izmedu to¢aka A, B i C proporcionalne s duljinama na planu geodetskog stola
izmedu toCaka a, b i c. Nastali plan bit ¢e u mjerilu odnosa baza, baze na planu i baze u prirodi.

Kako je hvat imao 6 stopa, a svaka je stopaimala 12 P pra
palaca to znaci da je hvatimao 72 palca. Tako je mjerilo | yipregal = "
tih planova bilo:

i
FUsEer

1 palac : 40 hvati onmiring ber h ravnalo
1 palac : (40 x 72) palaca = 1:2880. Efnﬁfaﬁ?e
Dimenzije detaljnih listova (sekcija) u prirodi bile su [3 .
1000 hv x 800 hv, a to znaci da su planovi u mjerilu 1:2880
bili iscrtani na papiru dimenzija 25 palaca x 20 palaca (1j.
65,85 cm x 52,68 cm).

Povrsine su bile izraZzene u Eetvornim hvatima (¢hv),
apritom je 1 ¢hv = 3,596652 m?. Veca jedinica za povrsinu
biloje 1jutroiliral (1j= 1600 ¢hv = 5754,642 m?) (Macarol
1978).

Za geodetsku izmjeru i izradu katastra zemljista
znacajan je datum i 13. srpnja 1871. Naime, tada je u
Austro-Ugarskoj uveden metar, kao nova sluzbena medu-
narodna jedinica za mjerenje duljina (BoZiénik 1978). S
tim datumom sluzbeno je metarski sustav zamijenio sus-
tav beckoga hvata. Medutim, stari hvatni sustav i dalje se
koristio u praksi, jer je do tada postojeéa sluzbena doku- Fig. 12. A plane table with alidade Wild from 1927
mentacija u katastrima i zemlji$noj knjizi bila izrazena u  Slika 12. Geodetski topografski stol s kipregelom Wild
hvatima. iz 1927. godine
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Fig. 13. (left) The first-order trigonometric network in Istria and on the islands of Krk, Cres and LoSinj (according
to Skalamera, 2000), which was developed for the needs of the Francis | Survey from 1817 to 1823. It also
formed the foundation of some newer first-order trigonometric networks.

Fig. 14. (right) Division of basic trigonometric sheets in the Krim Coordinate System for the first cadastral
survey in Istria, on the islands of Krk, Cres and LoSinj. Columns are marked with Roman numbers, and rows
with Arabic numbers, according to Bor¢i¢ and Franc¢ula (1969) and Manin (2006)

Slika 13. (lijevo) Trigonometrijska mreZa I. reda u Istri i na otocima Krku, Cresu i LoSinju (prema Skalamer,
2000), koja je razvijena za potrebe Franciskanske izmjere od 1817. do 1823. godine. Tvorila je temelj i
novijih trigonometrijskih mreZa I. reda.

Slika 14. (desno) Podjela na temeljne trigonometrijske listove u Krimskom koordinatnom sustavu za prvu
katastarsku izmjeru u Istri, na otocima Krku, Cresu i LoSinju. Kolone (stupci) su oznacene rimskim brojkama,
a redovi arapskim brojkama, prema Borcicu i Franculi (1969) i Maninu (2006).

In the first- and second-order networks, sometimes (Ti-
rol and Vorarlberg) curvature of the Earth was taken into
account and spherical triangles were transformed into
plane triangles using the Legendre’s rule, and with a
special procedure in others.

According to Bor€i¢ and Francula (1969), the trigo-
nometric network of the Krim Coordinate System (Fig.
13) was produced from 1823 to 1825, and is connected
to the trigonometric network of the Military-Geographic
Institute in Vienna which was implemented from 1817 to
1824. The trigonometric network was established up to
the Krim point until 1819.

Basic trigonometric sheets in that coordinate system
were grouped into columns and rows (Fig. 14). There
were XIX columns in the west and Xl in the east, while
columns were grouped from 1 to 40. In so doing, the first
row was positioned north of Krim at a distance of 18 Aus-
trian miles® (136.548 km) (Hartner-Dolezal, 1910). Divi-
sion of basic trigonometric sheets into detailed sheets
(sections) is represented in Fig. 15, where a basic trigo-
nometric sheet is divided into 20 detailed sheets.

2.1.2. Origin of the Viennese Coordinate
System (Church of St. Stephen)

The origin of the Viennese Coordinate System was
situated in the apple of the tower of the Church of St.
Stephen (St. Stephan) in the centre of Vienna (Fig. 16a).

On the floor of the Church of St. Stephen (Fig. 16b),
there is a memorial plate with the origin of the cadastral
survey coordinate system. It says in German the follow-

ing:

Coordinate origin

of cadastral survey of Empire and Kingdom
from 1817 to 1837

for crown countries Lower Austria,
Moravia, Silesia and Dalmatia
longitude: ¢ = 34° 02' 27.32" east of Ferro,
latitude: A = 48° 12' 31.54".

2 one Austrian mile = 7.586 km (Sentija 1979)
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2.1. Austrijski katastar

Iz Hrvatske su u nadleZznost austrijskoga katastra
ubrajana podrucja koja su ukljuéena u Krimski i Becki
koordinatni sustav.

2.1.1. Ishodiste Krimskoga koordinatnog
sustava

Ishodi$na tocka Krimskoga koordinatnog sustava je
trigonometrijska tocka prvog reda br. 172 (sl. 7), koja se
nalazi na vrhu brijega Krim, visokom 1107 m, oko 15 km
juznije od sredista Ljubljane, a oko 11 km od odmorista
na juznom dijelu zaobilaznice oko Ljubljane (sl. 8). Na
postavljenoj mjedenoj (mesinganoj) spomen-ploéi pise:

Trigonometrijska tocka I. reda br. 172 na Krimu je
ishodite prve katastarske izmjere drZzava Kranjske i
Koru$ke, te Primorja s Istrom 1817.-1828. godine
0 =45°55'12,69", 1 = 14°28'15,96", H = 1107 m.

Tu su toCku svecano obiljeZili slovenski geodeti 26.
10. 1994., sto se moze procitati na limenoj ploci pos-
tavljenoj ispod spomen-ploce. U blizini je postavljen i vidi-
kovac (sl. 9), na kojem planinari mogu vidjeti ucrtane prav-
ce prema vecim planinskim vrhovima. Prema rijeima
Franca Josipa Cernea, dipl. ing., na tome mjestu se jed-
nom godidnje sastaju slovenski geodeti, te tako daju veci
znacaj geodetskoj povijesti u Sloveniji, ali na neki nacin
odaju i zahvalnost narastajima geodeta u Sloveniji.

Trigonometrijska mreZa bila je podijeljena u Cetiri reda.
Srednja udaljenost izmedu trigonometrijskih to¢aka prvog
reda bila je oko 34,5 km (sl. 9), a drugog reda oko 15 km.
Tredi je red nastao progu$c¢avanjem, tako da su na svaku
austrijsku Cetvornu milju, koja je Cinila jedan temeljni
trigonometrijski list, dosle najmanje tri trigonometrijske
tocke. Kutovi u trigonometrijskoj mreZi mjereni su Reich-
enbachovim teodolitima, a trigonometrijske tocke bile su
oznaene piramidama, stupovima i drugim signalima.
Zatim je razvijena trigonometrijska mreza Cetvrtog reda,
i to grafickim naCinom mjernickim topografskim stolom
na kartama u mjerilu 1:14 000. Tada se moglo prijeci na
detaljnu izmjeru, takoder geodetskim topografskim
stolom, koji je nazivan i Praetoriusov stol po njegovu
izumitelju, konstruktoru Johannu Praetoriusu (1537-
1616). Poslije je doprinose pobolj$anju mjernog stola dao
i Johann Jakob Marinoni (1676-1775) pred poCetak
pokusnog mjerenja u Milanu 1714. godine, tj. prije prve
izrade milanskoga katastra (1720-1723).

Na sl. 10 vidi se pribor kojim je raspolagao geodet na
terenu, na sl. 11 prikazan je princip rada s mjernim stolom,
anasl. 12 vidi se mjerni stol i instrument nazvan kipregel,
kojim se na planu odredivao pravac prema mjerenim
to¢kama.

Geodetski mjerni stol odigrao je povijesnu ulogu u
grafickom katastru, jer je s njim izradena trigonometrijska
mreZa |V. reda i izmjerene su sve detaljne tocke katas-
tarske izmjere, a za topografske karte sve karakteristiéne
tocke konfiguracije terena po polozaju i visini za tzv. vojne
topografske karte.

Horizontalni kutovi u mreZzama I. i ll. reda mjereni su
u 8 do 12 ponavljanja, vertikalni kutovi, tj. zenitne uda-
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- T «
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Temeljni trigonometrijski list ZK V, 30
(Elementary trigonometric map sheet)

Fig. 15. Division of basic trigonometric sheet with
dimensions 4000° x 4000° into detailed sheets
(sections) with dimensions 1000° x 800°
Slika 15. Podjela temeljnog trigonometrijskog lista
dimenzija 4000 hv x 4000 hv na detaljne listove
(sekcije) dimenzija 1000 hv x 800 hv.

ljenosti, mjereni su u dva ili etiri ponavljanja. U mreZi |.
i 1. reda vodilo se katkad (Tirol i Vorarlberg) racuna o
zakrivljenosti Zemlje i prelazilo se od sfernih trokuta na
trokute u ravninu s pomocu Legendrova pravila, a u nekim
drugima s pomocu nekoga posebnog postupka.

Prema Bor€iéu i Franculi (1969) trigonometrijska mre-
Za Krimskoga koordinatnog sustava (sl. 13) radena je
od 1823. do 1825., a naslonjena je na trigonometrijsku
mrezu Vojnogeografskog instituta u Be€u, koja je izve-
dena od 1817. do 1824. Trigonometrijska mreZa postav-
liena je do toc¢ke Krim do 1819. godine.

Temeljni trigonometrijski listovi u tom koordinatnom
sustavu svrstani su u kolone (stupce) i retke (sl. 14). Na
zapadu je bilo XIX kolona, a na istoku XIII, dok su redci
svrstaniod 1 do 40. Pritom je prvi redak smjeSten sjeverno
od Krima na udaljenosti od 18 austrijskih milja® (136,548
km) (Hartner-Dolezal 1910). Podjela temeljnih trigono-
metrijskih listova na detaljne listove (sekcije) prikazana
je nasl. 15, gdje je temeljni trigonometrijski list podijeljen
na 20 detaljnih listova.

2.1.2. Ishodiste Beckoga koordinatnog
sustava (crkva sv. Stjepana)

Ishodiste Beckoga koordinatnog sustava postavljeno
je u jabuku tornja crkve sv. Stjepana (St. Stephan) u
sredistu Beca (sl. 16a).

Na podu u crkvi sv. Stjepana (sl. 16b) postavljena je
spomen-plo¢a na kojoj je oznacena tocka ishodista
koordinatnog sustava katastarske izmjere. Na njoj na nje-
mackom jeziku pise:

Koordinatno ishodiste
katastarske izmjere carstva i kraljevstva
od 1817. do 1837. godine
za zemlje krune Donju Austriju,
Moravsku, Slesku i Dalmaciju
geografska duzina: ¢ = 34° 02' 27,32" isto¢no od Ferra,
geografska Sirina; . = 48° 12' 31,54".

'jedna austrijska milja = 7,586 km (Sentija 1979.)
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The memorial plate was ceremonially placed by ge-
odesist colleagues from Austria in 1990 (BoZiénik 1991).

Work on the trigonometric network in the Viennese
Coordinate System for cadastral needs was started in
1817, and finished in 1821. The base line Leopoldsberg
Kuppel-Hundsheimerberg was taken from the trigono-
metric network of the Military-Geographic Institute, de-
termined between 1806 and 1808, with a length of
24717.391 Viennese fathoms. This base line length was
calculated starting from the Wiener Neustadt base line,
surveyed by Liesganing in 1762.

The entire coordinate system is oriented using the
St. Stephen-Leopoldsberg base line, with the azimuth
determined by astronomer Ritter von Burg, o =
165°55'22.0", calculating it from south over west, as it
was done at the time in these old coordinate systems.

The trigonometric network was connected with the
trigonometric network in the Krim Coordinate System and
the trigonometric network in Dalmatia (Fig. 17).

The coordinate system for Dalmatia has XX columns
of basic trigonometric sheets in the west and XXX in the
east. Layers are grouped into rows from 1 to 41, and the
first row is 48 miles (192 000 fathoms) (i.e. 364.125 km)
south of Vienna (tower of the Church of St. Stephen)
(Hartner-Dolezal, 1910) (Fig. 18). Division into detailed
sheets in the coordinate system is the same as the one
in the Krim Coordinate System.

Fig. 16. a) (left) Tower of the Church of St. Stephen (St. Stephan) in Vienna
is the origin of the coordinate system for Dalmatia (photo, 1996)

b) (right) The origin of the coordinate system of the 1817-1837 cadastral
survey for the crown countries Austria, Moravia, Silesia and Dalmatia, on the
floor of the Church of St. Stephen (St. Stephan) (photo by Dr. Z. Gali¢, 2002)
Slika 16. a) (lijevo) Toranj crkve sv. Stiepana (St. Stephan) u Becu ishodisna
Je tocka koordinatnog sustava za Dalmaciju (snimijeno, 1996), b) (desno) Na
podu u crkvi sv. Stjepana oznacena je tocka ishodista koordinatnog sustava
katastarske izmjere od 1817. do 1837. godine za zemlje krune Donju Austriju,
Moravsku, Slesku i Dalmaciju (snimio dr. Z. Gali¢, 2002.)

In this coordinate system, the northern part of Dal-
matia from the Trogir-Knin line was surveyed in an unu-
sual scale, 1:2904.1672. This special scale was obtained
by error in 1823, when the new (Dalmatian) trigonomet-
ric network was erroneously connected to the existing
one. Namely, the trigonometric network of Dalmatia was
connected to the Osor triangle (north of the island of
Losinj), Pogled (south of the island of Lo$inj) and Crve-
na Glavica (island of Rab). That was the last triangle in
the network which had been developed over Lower Aus-
tria, Slovenia, Istria and Kvarner islands in 1818. In the
connecting process, the surveyor sighted a wrongly
placed signal on the hill of Pogled, i.e. Gargo$¢ak (Fig.
17). The error was not noticed until 1827. The cadastral
material had already been completed for most of Dalma-
tia, and the decision was to keep the plans already pro-
duced and multiply the scale 1:2880 with 1.0083914,
because it is the ratio between the wrong and the right
base line length. Thus the 1:2904 scale was obtained.

The rotation angle of the connected trigonometric
network, which changed the scale, directed to the Vien-
nese Coordinate System, amounts to 2°08'07.2".

2.2. Hungarian Cadastre

Authority of Hungarian cadastre included areas of the
Budapest Coordinate System and the Klostar Ivanié
Coordinate System.
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Spomen-plo€u su svecano postavili kolege geodeti
iz Austrije 1990. godine (BoZi¢nik 1991).

Radovi na trigonometrijskoj mrezi u BeCkom koordi-
natnom sustavu za katastarske potrebe zapoceti su 1817.
godine, a zavr$eni 1821. Osnovna strana Leopoldsberg
Kuppel-Hundsheimerberg uzeta je iz trigonometrijske
mreze Vojnogeografskog instituta, koja je odredena iz-
medu 1806. i 1808. godine, a njezina je duljina 24717,391
beckih hvati. Ta duljina stranice izraunana je polazedi
od osnovice kraj Wiener Neustadta (BeCkog Novog
Mijesta), koju je izmjerio Liesganing 1762. godine.

Citav koordinatni sustav orijentiran je s pomogu strane
Sv. Stjepan—-Leopoldsberg, ¢iji je azimut odredio astro-
nom Ritter von Burg, a koji iznosi o = 165°65'22,0", ra¢u-
najuci ga od juga preko zapada, kao &to se to Cinilo tada
u tim starim koordinatnim sustavima.

Na tu trigonometrijsku mrezu bila je naslonjena trigo-
nometrijska mreza u Krimskom koordinatnom sustavu,
a zatim trigonometrijska mreza u Dalmaciji (sl. 17).

Koordinatni sustav za Dalmaciju ima XX kolona te-
meljnih trigonometrijskih listova zapadno i XXX isto€no.
Slojevi su svrstani u redove od 1 do 41, a prvi redak na-
lazi se 48 milja (192 000 hv) (tj. 364,125 km) juznije od
Beca (tornja crkve sv. Stjepana) (Hartner-Dolezal 1910)
(sl. 18). Podjela na detaljne listove u tom koordinatnom
sustavu jednaka je kao u Krimskom koordinatnom susta-
vu.

o Pliesivica

Trigonometric network
Trigonometrijska mreza

Network from year 1818
Mreza iz 1818. godine

Network from year 1823
Mreza iz 1823. godine

Network from year 1826
Mreza iz 1826. godine

Military Border network from year 1826
Mreza Vojne Krajine iz 1826. godine

Fig. 17. The first-order Austrian-Hungarian
Trigonometric Network of Dalmatia
connected the Krim trigonometric network
(according to Ungarov, 1949)

Slika 17. Austro-ugarska trigonometrijska
mreZa Dalmacije |. reda naslonjena na
Krimsku trigonometrijsku mreZu (prema
Ungarovu, 1949)

U tom koordinatnom sustavu sjeverni dio Dalmacije
od linije Trogir—Knin izmjeren je u neuobi¢ajenom mjerilu
1:2904,1672. Do tog posebnog mijerila doslo je 1823.
godine zbog pogrednog prikljutka nove (dalmatinske)
trigonometrijske mreZe na ve¢ postojeéu trigonometrijsku
mrezu. Naime, trigonometrijska mreZza Dalmacije naslo-
njena je na trokut Osor (na sjeveru otoka Losinja), Pogled
(najugu otoka LoSinja) i Crvena Glavica (na otoku Rabu).
To je bio posljednji trokut u mrezi koja je vec prije 1818.
godine, razvijena preko Donje Austrije, Slovenije, Istre i
Kvarnerskih otoka. Prilikom povezivanja triangulator je
vizirao na pogresno postavljen signal na brdu Pogled, {j.
Gargoscak (sl. 17). Pogreska je primijeéena tek 1827.
godine. Za veéi dio Dalmacije bio je ve¢ prije zavrSen
katastarski operat, te je rijeSeno da se zadrze ve¢ izradeni
planovi, s tim da se mjerilo 1:2880 pomnozis 1,0083914,
jer je to odnos izmedu pogresne i prave duZine osnovne
stranice. Tako se do$lo do mjerila koje zaokruZeno iznosi:
1:2904.

Kut zakreta te naslonjene trigonometrijske mreze, ko-
ja je izmijenila mjerilo snimanja, prema Be¢kom koordi-
natnom sustavu iznosi 2°08'07,2".

2.2. Madarski katastar

U nadleZnost madarskoga katastra ubrajana su pod-
ru€ja koja su ukljuena u Budimpestanski koordinatni
sustav i KloStarivanicki koordinatni sustav.
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Fig. 18. Division into basic trigonometric sheets in the Viennese Coordinate System for the first cadastral survey
in Dalmatia and Boka Kotorska. Columns are marked with Roman numbers, and rows with Arabic numbers.
Coordinates of a certain number of trigonometric sheet edges are expressed in fathoms
(according to Bor¢i¢ and Francula, 1969)

Slika 18. Podjela na temeljne trigonometrijske listove u Be¢kom koordinatnom sustavu za prvu katastarsku izmjeru
u Dalmaciji i Boki kotorskoj. Kolone (stupci) su oznacene rimskim brojkama, a redovi arapskima. Koordinate rubova
izvjesnog broja trigonometrijskih listova izraZzene su u hvatima (prema Borcicu i Franculi, 1969)

2.2.1. Origin of the Budapest Coordinate
System (Gellérthegy)

The origin of the Budapest Coordinate System is lo-
cated in Budapest, in the trigonometric point positioned
within walls of the fortress above Danube on the Gellért
Hill (Fig. 19). It is a dominant spot offering a beautiful
view of Budapest, Danube and eight bridges over Dan-
ube. Directly in front of Gellért Hill fortress walls, there is
a monument to Liberty (Hungarian — szbadsag Szobor).
The place is visited by numerous Hungarian and foreign
tourists. There used to be an old astronomical observa-
tory “Urani” within the walls. The monument on the Gel-
lért Hill can be seen in Fig. 20.

The origin of the coordinate system has the following
geographic coordinates:

¢ =47°29'15.97" and L = 36°42' 51.57"
(east of Ferro) (Marek 1875)

calculated starting from the Viennese observatory. There
are also newer data:

¢ =47°29'09.6380" and A = 36° 42' 53.5733"
(east of Ferro) (Fasching1909).

The trigonometric network with the origin in Buda-
pest was called the “Old Main Network Over Danube”
and was connected to the trigonometric network of the
Military-Geographic Institute from Vienna, which was
established in 1848. The trigonometric network of the
Military-Geographic Institute from Vienna was calculat-
ed starting from the base line surveyed by Liesganing at
Wiener Neustadt in 1762. Thus it was possible to calcu-
late the coordinates and the directional angle of the side
of the Barsonyos—Koéréshegy trigonometric network,
which was taken as the base line of the Main Network
Over Danube. It was established by officials of the Trian-
gulation Office in Budapest. Angles were measured with
theodolites, and the network was adjusted with an ap-
proximate method. The network was divided into the I, Il
[ll and IV orders, the same as the trigonometric network
in the Austrian part. In so doing, the fourth order of the
trigonometric network was also determined with the plane
table at the scale 1:14 400.

Areas of Baranja and the south part of Slavonia were
covered in field with base trigonometric sheets with di-
mensions 4000 fathoms x 4000 fathoms (Fig. 21), the
same as in Austrian coordinate systems. However, their
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2.2.1. Ishodiste Budimpestanskoga
koordinatnog sustava (Gellérthegy)

Ishodidte Budimpestanskoga koordinatnog sustava
smjesteno je u Budimpesti u trigonometrijskoj tocki
postavljenoj unutar zidina tvrdave iznad Dunava na brije-
gu Gerhardovu brijegu (Gellérthegy) (sl. 19). To je domi-
nantno mjesto odakle se pruza prekrasan pogled na Bu-
dimpestu, Dunav i osam mostova koji ga premoscuju.
Neposredno ispod zidina tvrdave na Gerhardovu brijegu
postavljen je spomenik Slobodi (madarski: szbadsag Szo-
bor). To mjesto posjeéuje velik broj madarskih i stranih
turista. Unutar zidina bio je postavljen i stari astronomski
opservatorij "Urani”, kojega danas vise nema. Smjesta;
spomenika na Gerhardovu brijegu vidi se na sl. 20.

Koordinatno ishodiste ima geografske koordinate:

@ =47°29"15,97"i )\ = 36°42'51,57"
(isto¢no od Ferra) (Marek 1875),

koje su izratunane polazedi od be¢ke zvjezdarnice. Pos-
toje i nesto noviji podaci koji iznose:

0 =47°29'09,6380" i\ =36°42'53,5733"
(isto€no od Ferra) (Fasching 1909).

Ta mreZa trigonometrijskih to¢aka s ishodistem u Bu-
dimpesti nazvana je “Stara glavna prekodunavska mre-
za" i bila je naslonjena na trigonometrijsku mrezu Vojno-
geografskog instituta u Be€u, koja je postavljena prije

1848. godine. Trigonometrijska mreza Vojnogeografskog
instituta u Be€u izratunana je polazeci od osnovice koju
je izmjerio Liesganing 1762. godine kraj Be¢kog Novog
Mijesta. Tako je bilo moguce izraCunati koordinate i smjerni
kut stranice trigonometrijske mreZe Barsonyos—Koros-
hegy, koja je uzeta za osnovnu stranicu Glavne prekodu-
navske mreZe. Nju su postavili sluzbenici Triangulacijskog
biroa u Budimpesti. Kutovi su mjereni teodolitima, a mreza
je bila izjednaena nekom pribliZnom metodom. MreZa
je bila podijeliena na I, II, Ill. i IV. red, isto kao u trigo-
nometrijskoj mreZi u austrijskom dijelu. Pritom je IV. red
trigonometrijske mreze takoder bio odredivan geodetskim
topografskim stolom u mjerilu 1:14 400.

Podrugje Baranje i juznog dijela Slavonije bilo je po-
kriveno na terenu temeljnim trigonometrijskim listovima
dimenzija 4000 hv x 4000 hv (sl. 21), isto kao u austrijskim
koordinatnim sustavima. Medutim, ishodiSna to¢ka za njih
nalazila se u Budimpesti, tj. u trigonometrijskoj tocki na
Gerhardovu brijegu (Gellérthegy). Temeljni trigonomet-
rijski listovi podijeljeni su na 20 detaljnih listova (sl. 22),
a katastarski planovi na koje su preslikana ta podrucja
bili su dimenzija 25 palaca x 20 palaca (tj. 65,85 cm x
52,68 cm).

Unutar zidina tvrdave postavljeni su takoder spomenik
i spomen-plo¢a velikom astronomu Hrvatu Mirku Danijelu
Bogdanic¢u (kojeg su Madari nazivali Imre Danielis Bog-
danich, a Austrijanci Emerich Daniel Bogdanich). Roden

Monumant of Libery
Spomenik slobode

Fig. 19. (left) Trigonometric point Gellért Hill, located within the Gellért Hill fortress in Budapest. It is the origin
of the Budapest Coordinate System (photo, September 2008)

Fig. 20. (right) The position of the monument on the Gellért Hill in Budapest (photo, September 2008)
Slika 19. (lijevo) Trigonometrijska to¢ka na Gerhardovu brijequ (Gellérthegy) smjestena je unutar istoimene
tvrdave u Budimpe$ti. Ona je ishodiste Budimpestanskoga koordinatnog sustava (snimljeno, rujan 2008)
Slika 20. (desno) PoloZajni smjeStaj spomenika na Gerhardovu brijegu (Gellérthegy) u Budimpesti
(snimljeno, rujan 2008)
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Fig. 21. Division into base trigonometric sheets of Baranja and part of the area of the Military Border Regiments
(south Slavonia and Baranja) without six western Regiments, which were included into coordinate system with
the origin in the Gellérthegy trigonometric point (Budapest) (according to Bor¢i¢ and Franéula, 1969)

Slika 21. Podjela na temeljne trigonometrijske listove Baranje i dijela podruja regimenti Vojne krajine (juzne
Slavonije i Banije) bez 6 zapadnih regimenti, koje su bile ukljuc¢ene u koordinatni sustav s ishodistem u
trigonometrijskoj tocki Gellérthegy (Budimpesta) (prema Bor€icu i Franculi, 1969)

origin was located in Budapest, i.e. in the Gellért Hill trig-
onometric point. Base trigonometric sheets were divided
into 20 detailed sheets (Fig. 22), and cadastral plans in
which these areas were represented were 25 inches x
20 inches (i.e. 65.85 cm x 52.68 cm).

Within the fortress walls, there is also a monument
and a memorial plate to the great astronomer, Croatian
Mirko Danijel Bogdani¢ (called Imre Danielis Bogdanich
by Hungarians, and Emerich Daniel Bogdanich by Aus-
trians). He was born in Virovitica on November 5, 1762,
and died in 1802 from tuberculosis as a consequence of
hard field night work (Kren 2007). In 1798, the Austrian
Emperor Francis | nominated him an astronomer sup-
posed to apply his astronomical and mathematical knowl-
edge to determine latitudes and longitudes of certain cit-
ies and thus assist the cartographer Lipszky in produc-
ing an accurate geographic map of Hungary and Croatia.
He started determining the latitude and longitude in Rije-
ka, and determined geographic latitudes and longitudes
in a total of 150 places. He was especially accurate in
determining latitudes, longitudes less so because he did
not have more accurate instruments and chronometers
at his disposal. Bogdani¢ determined longitudes by ob-
serving Moon eclipses, observing of stars with the Moon,
observing Mercury pass the Sun Plate, observing eclipses
of Jupiter’s satellites and their entrances and exits from
Jupiter’s shadow.

The monument to Mirko Danijel Bogdanic¢ was creat-
ed by Janos Elter (Fig. 23). The following Latin text can
be read from the monument:

IN MEMORIAM EMERICI DANIELIS
BOGDANICH INCLYTAE CROATAENATI
ERUDITISSIMQOUE MATHEMATICI ET ASTRONOMI
HUNGARIAE FACTI

1762 - 1802.

The following can be read in Hungarian from the
memorial plate above the monument:

Imre Daniel Bogdanich 1762-1802, astronomer. His
scientific research set the foundation for the first
precise map of our homeland. In memory of that work
for designating the location of the Urani observatory.

Placed by the Society for Geodesy and Cartography
and the Astronomical Institute of the Hungarian
Academy of Science in 1972

2.2.2. Origin of the Klostar Ivani¢ Coordinate
System

The origin of the Klostar lvani¢ Coordinate System of
the first cadastral survey is the tower of the Franciscan
Church of St. John the Baptist in Klo&tar Ivani¢ (Fig. 24),
which is how the system was named. During the Second
World War, the tower was considerably damaged in 1944,
but was restored by the Institute for Protection of Cultur-
al Monuments of the Republic of Croatia in 1991 (BoZiénik
1991). The church itself is still ruined and is being slowly
restored by the Restoration Institute. A Franciscan mon-
astery leans on the ruins of the church; nowadays more
accurately the Carmel of Little Theresa (home to the
Carmel sisters), and south of its entrance the Union of
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Fig. 22. Division of base trigonometric sheets in the
Budapest Coordinate System, 4000 fathoms x 4000
fathoms into detailed sheets (sections),

1000 fathoms x 800 fathoms
Slika 22. Podjela temeljnih trigonometrijskih listova u
Budimpestanskom koordinatnom sustavu dimenzija
4000 hv x 4000 hv na detaljne listove (sekcije)
dimenzija 1000 hv x 800 hv

je u Virovitici 5. XI. 1762, a umro je 1802. od tuberkuloze
kao posljedice napornoga terenskog no¢nog rada (Kren
2007). Austrijski car Franjo |. 1798. godine imenovao ga
je astronomom koji ¢e svojim struénim astronomskim ra-
dom i matemati¢kim znanjem odredivati geografske Sirine
i duZine pojedinih gradova i na taj nacin pomoéi kartografu
Lipszkom u izradi to¢ne geografske karte tadasnje Ma-
darske i Hrvatske. Poceo je s odredivanjem geografske
Sirine i duzine u Rijeci, a ukupno je odredio geografske
Sirine i duZine u 150 mjesta. Posebno je toéno odredivao
geografske Sirine, a geografske duZine s manje uspjeha,
jer nije imao na raspolaganju to¢nije instrumente i kro-
nometre. Bogdanic¢ je odredivao geografske duZine pro-
matranjem pomr¢ina Mjeseca, okultacijom zvijezda s Mje-
secom, pracenjem prolaza Merkura preko Sunceve plo-
¢e, promatranjem pomréine Jupiterovih satelita i njihovih
ulazaka i izlaza iz Jupiterove sjene.

Spomenik Mirku Danijelu Bogdanicu izradio je Janos
Elter (sl. 23). Na spomeniku na latinskom jeziku pie:

IN MEMORIAM EMERICI DANIELIS
BOGDANICH INCLYTAE CROATAENATI
ERUDITISSIMQOUE MATHEMATICI ET ASTRONOMI
HUNGARIAE FACTI
1762 - 1802.

Na spomen-ploci postavljenoj ispod spomenika na
madarskom jeziku pise:

Imre Daniel Bogdanich 1762-1802, astronom. Njegova
znanstvena istraZivanja postavila su osnovu za prvu
preciznu kartu nase domovine. U znak sjecanja na taj

rad za oznaCavanje mjesta opservatorija Urani.

Postavili Drustvo za geodeziju i kartografiju i Astronom-
ski institut Madarske akademije znanosti 1972.

2.2.2. Ishodiste Klostarivanickoga
koordinatnog sustava

Ishodiste Klostarivanickoga koordinatnog sustava pr-
ve katastarske izmjere je toranj franjevacke crkve sv. lva-
na Krstitelja u Klostar Ivanicu (sl. 24), po kojem je taj
sustav dobio ime. U Drugom svjetskom ratu 1944. godine
toranj je bio znatno oSteéen, a obnovio ga je Zavod za
zastitu spomenika kulture Republike Hrvatske 1991. go-
dine (Bozi¢nik 1991). Sama crkva je jo$ uvijek u ruSevnom
stanju i vrlo sporo ju obnavlja Restauratorski zavod. Na
rusevine crkve naslonjen je franjevacki samostan, danas
to¢nije Karmel Male Terezije (dom sestara Karmeli¢anki),
te su na njegovu ulazu s isto¢ne strane Savez drustava
geodeta Hrvatske (danas Hrvatsko geodetsko drustvo) i
Op¢ina Ivanié-Grad postavili spomen plocu kojom se
oznaCava da je toranj crkve sv. Ilvana Krstitelja bio isho-
disna toCka koordinatnog sustava prve graficke katas-
tarske izmjere u Klostarivanickom sustavu (sl. 25). Ta
plo€a postavljena je na inicijativu kolege Marijana BoZi¢-
nika, dipl. ing., 1991. godine. Danas je spomen-plocu
tesko fotografirati zbog postavljenih skela. Osim toga slo-
va su samo urezana u bijeli mramorni kamen te se slabo
vide. Urezani tekst glasi:

Fig. 23. Monument and memorial plate in honour of
the Croatian astronomer Mirko Danijel Bogdani¢
(called Imre Daniel Bogdanich by Hungarians)
(photo, September 2008)

Slika 23. Spomenik i spomen-ploca podignuta u East
Hrvatu astronomu Mirku Danijelu Bogdani¢u (kojeg su
Madari nazivali Imre Daniel Bogdanich)
(snimljeno, rujan 2008)
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Fig. 24. Tower of the Franciscan Church of St. John
the Baptist in KloStar Ivani¢ was the origin of the
coordinate system, which was restored in 1991

(photo, October 2008)

Slika 24. Toranj franjevacke crkve sv. Ivana Krstitelja u
Klostar Ivanicu bio je ishodiste koordinatnog sustava, a
obnovijen je 1991. godine (snimljeno, listopad 2008)

Societies of Croatian Geodesists (nowadays the Croatian
Geodetic Society) and the Ivani¢ Grad District placed a
memorial plate indicating the tower of the St. John the
Baptist Church was the origin of the coordinate system
of the first graphic cadastral survey in the Klostar Ivani¢
System (Fig. 25). The plate was placed because of initi-
ative by colleague Marijan BoZi¢nik, graduate engineer,
in 1991. Nowadays, it is difficult to take photos of the
memorial plate due to scaffolding. In addition, the letters
were just engraved into white marble and are hard to
read. The engraved text reads:

TOWER OF THE FRANCISCAN CHURCH OF ST.
JOHN
THE BAPTIST IN IVANIC KLOSTAR
WITH THE LONGITUDE OF 34°05'09.16" EAST OF
FERRO
AND THE LATITUDE OF 45°44'21.25" WAS
SELECTED AROUND 1850 AS
THE COORDINATE ORIGIN
OF THE FIRST CADASTRAL
SURVEY
CONDUCTED IN THE SECOND HALF OF THE 19TH
CENTURY IN
THE AREA OF EASTERN, CENTRAL AND MOUNTAIN
CROATIAAND THE NORTHERN CROATIAN
LITTORAL
PLACED BY: UNION OF SOCIETIES OF CROATIAN
GEODESISTS
AND THE IVANIC GRAD DISTRICT. KLOSTAR
IVANIC, SEPTEMBER 1991

Several hundred meters away, there is also a stone
pillar (Fig. 26) which is the trigonometric point 210 Z. In
20086, the pillar was restored by the State Geodetic Ad-
ministration (Fig. 27), which also placed a metal plate on
it, reading:

The Republic of Croatia — State Geodetic
Administration
PERMANENT POINT OF GEODETIC BASE - 210
KLOSTAR IVANIC —H =159 m
Damaging and destroying forbidden by law

The trigonometric network which was established and
connected to the Klostar Ivanié tower was developed from
1855 to 1863, and it encompassed the area of former
kingdom of Croatia and Slavonia (except the area of
Croatian-Slavonian Military Border). It was connected to
the sides of the Main Network Over Danube established
in Hungary. Its production was led by the famous geode-
sist Franz Horsky, and continued to be produced by Franz
Jeroljinek. Horsky took the length of the first side from
the Main Network Over Danube, which had already been
produced. According to the paper (Bor¢i¢ and Francula
1969), the trigonometric network was calculated under
the assumption that the surface of the Earth was flat. In
doing so, no map projections were applied. The projec-
tion for transformation from ellipsoid to plane was ap-
plied for the first time in 1863.

The graphic cadastral survey in the Klostar Ivani¢ Co-
ordinate System was produced in most of contemporary
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TORANJ FRANJEVACKE CRKVE SV. IVANA
KRSTITELJA U IVANIC KLOSTRU
S GEOGRAFSKOM DUZINOM 34°05'09,16"
ISTOCNO OD FERRA
| SIRINOM 45°44'21,25" IZABRAN JE OKO 1850. G.
KAO
KOORDINATNO
ISHODISTE
PRVE KATASTARSKE
IZMJERE
PROVEDENE U DRUGOJ POLOVINI 19. STOLJECA
NA
PODRUCJU ISTOCNE, SREDISNJE | GORSKE
HRVATSKE TE SJEVERNOG HRVATSKOG

PRIMORJA
POSTAVILI: SAVEZ DRUSTAVA GEODETA
HRVATSKE
| OPCINA IVANIC-GRAD. KLOSTAR IVANIC, RUJAN
1991.

Na udaljenosti od nekoliko stotina metara postavljen
je i kameni stup (sl. 26) koji ima oznaku trigonometrijske
to¢ke 210 Z. Taj stup obnovila je DrZzavna geodetska
uprava 2006. godine (sl. 27) i postavila na njega metalnu
plo€u na kojoj pide:

Republika Hrvatska — Drzavna geodetska uprava

STALNA TOCKA GEODETSKE OSNOVE - 210

KLOSTAR IVANIC — H = 159 m
Zakonom zabranjeno o$teéivanje i unistavanje.

Fig. 25. Memorial plate at the home of the Carmel
sisters (Carmel of Little Theresa) rose in 1991 in
memory of the first graphic cadastral survey (photo,
October 2008)

Slika 25. Spomen-plo¢a na domu sestara karmeli¢anki
(Karmel Male Terezije) podignuta je 1991. u znak
sjecanja na prvu graficku katastarsku izmjeru
(snimljeno, listopad 2008)

Trigonometrijska mreZa koja je bila postavljena i
oslonjena na toranj Klo&tar Ivani¢ razvijena je od 1855.
do 1863. godine, a obuhvaéala je podrucje tadasnje
kraljevine Hrvatske i Slavonije (izuzev podrucja Hrvatsko-
slavonske vojne krajine). Ona je bila oslonjena na stranice
Glavne prekodunavske mreze postavljene u Madarskoj.
Njezinu izradu vodio je poznati geodet Franz Horsky, a
nastavio ju je izradivati Franz Jeroljinek. Duljinu prve
stranice Horsky je uzeo iz Glavne prekodunavske mreze,
koja je bila prethodno izradena. Prema radu (Bor€ic i
FranCula 1969) trigonometrijska mreZa izracunana je
pretpostavljaju¢i povrSinu Zemlje ravninom. Pritom nije
primijenjena nikakva projekcija. Projekcija za prijelaz s
elipsoida na ravninu prvi je put primijenjena tek 1863.
godine.

Grafitka katastarska izmjera u KloStarivanickom
koordinatnom sustavu bila je izradena u najveéem dijelu
suvremene Hrvatske, a podjela na temeljne trigono-
metrijske listove u tom koordinatnom sustavu vidi se na
sl. 28.

Podjela temeljnih trigonometrijskih listova u KloStar-
ivaniékom koordinatnom sustavu dimenzija 4000 hv x
4000 hv na detaljne listove (sekcije) dimenzija 1000 hv x
800 hv jednaka je kao i u Budimpestanskom koordinat-
nom sustavu.

Svaki detaljni list (sekcija) imao je osim oznake svog
poloZaja i tekuci broj unutar jedinice izmjere (bivie
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Fig. 26. Tower of the Franciscan church (trigonometric
point 210 S) is the origin of the Klo&tar Ivanié¢
Coordinate System, and the stone pillar was indicated
as the trigonometric point 210 Z (photo by MSc. M.
Kadi, 2005
Slika 26. Toranj franjevacke crkve (trigonometrijska
to¢ka 210 S) ishodisna je tocka KloStarivanickoga
koordinatnog sustava, a kameni stup oznacen je kao
trigonometrijska tocka 210 Z (snimio mr. sc. M. Kadi,
2005. godine)

Croatia, and the division into base trigonometric sheets
in the coordinate system can be seen in (Fig. 28).

The division of base trigonometric sheets in the Klos-
tar lvani¢ Coordinate System with dimensions 4000 fath-
oms x 4000 fathoms into detailed sheets (sections) with
dimensions 1000 fathoms x 800 fathoms is the same as
in the Budapest Coordinate System.

Each detailed sheet (section) had a marking of its
position, as well as the ordinal number in the surveying
area (former taxing district). The numbers started on the
northwest sheet of every district and ran continuously in
rows of detailed sheets from west to east.

The production of trigonometric networks and cadas-
tral materials in Croatia was done by few Croatians and
mostly by Austrians, Hungarians, Italians and Czechs.

3. Conclusion

The cadastral survey in Croatian territory was com-
pleted in 1869, and several generations of geodetic pro-
fessionals participated in it (Macarol 1978). They can be
considered conscientious and pedantic in surveying,
drawing cadastral plans and editing cadastral documen-
tation.

Considering the production of cadastral plans and
complete cadastral documentation took so long, there

Fig. 27. The State Geodetic Administration restored
the stone pillar, the trigonometric point 210 Z and
secured a metal plate to it (photo, October 2008)

Slika 27. DrZzavna geodetska uprava obnovila je
kameni stup trigonometrijske tocke 210 Z i ha njega

ucvrstila metalnu plocicu (snimljeno, listopad 2008)

was a need for the first cadastral plan restoration as soon
as the first cadastral survey had been completed.

Geodesists attended their main points, and especial-
ly the coordinate system origins of the first cadastral sur-
vey. Thus they have been preserved for almost 190 years,
and some for about 150 years, standing as monuments
of the first cadastral graphic survey. Geodesists need to
honour that history and past and treat them with respect.
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Fig. 28. Division into base trigonometric sheets in the KloStar Ivani¢ Coordinate System
(according to Macarol, 1977)
Slika 28. Podjela na temeljne trigonometrijske listove u KloStarivanickom koordinatnom sustavu
(prema Macarolu, 1977)

porezne opcine). Brojevi su pocinjali na sjeverozapadnom
listu svake opcine i tekli kontinuirano u redovima detaljnih
listova od zapada prema istoku.

U izradi trigonometrijskih mreza i katastarskih operata
u Hrvatskoj sudjelovao je mali broj Hrvata, a veéinom
Austrijanci, Madari, Talijani i Cesi.

3. Zakljuéak

Katastarska izmjera u hrvatskim krajevima trajala je
sve do 1869., kada je potpuno zavrSena, a u njoj je
djelovalo nekoliko generacija geodetskih struénjaka
(Macarol 1978). Za njih se moZe reéi da su savjesno i
pedantno izvodili sva mjerenja, iscrtavali katastarske
planove i uredivali katastarsku dokumentaciju.

Budud¢i da je izrada katastarskih planova i potpune
katastarske dokumentacije trajala za veliko carstvo dugi
niz godina, pojavila se potreba da se izvede prva
reambulacija (obnova katastarskih planova) odmah po
okonc¢anju prve katastarske izmjere.

Na sve svoje glavne to¢ke geodeti su pazili, a
posebice na ishodisne toCke koordinatnih sustava prve

katastarske izmjere. Tako su one o€uvane ve¢ gotovo
190 godina, a neke oko 150 godina, i stoje kao spomenici
prve katastarske graficke izmjere. Geodeti tu povijest i
proSlost moraju cijeniti i s postovanjem se odnositi prema
njoj.
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