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ABSTRACT: In the frame of European Harmonization Program of the Department of Land and Mapping
(Ministry of Agriculture and Regional Development) three nationwide connected projects were lunched by
FÖMI in 2000 to be carried out during 3 years. These are: a.)“Wall to wall aerial photography of Hungary”;
b.) Creation of 10 m x 10 m resolution DEM of the country; c.) Set-up of full digital orthophoto coverage of
Hungary. The project "Aerial photography of Hungary 2000" was finished successfully. Now in the archive of
FÖMI about 7000 aerial photos at scale 1:30 000 are available in analogue and digital forms.
As a result of 30 years project - ended in 1999 - Hungary is covered by ~ 4100 map sheets at the scale 1:10
000 in analogue form. The estimated and overall quality controlled accuracy of contour lines: ± 0.5 - ± 1.5 m
according to the national standard. This is the base for creation of high resolution DEM of Hungary. During
one year period the color prints and three layers (hydrology, planimetry, contour lines) of topomaps were
scanned and geo-referenced. One third of the layers of contour lines was vectorized in the past year. The vec-
torized contour lines will serve as the basis for creation of 10 m raster size and 1 m accurate DEM.
A complete photogrammetric technology was elaborated: analytical aerial triangulation based on existing 4th
order national triangulation network for determination of orientation elements of each aerial photo and coor-
dinates of check points of digital orthophotos. The technology takes into consideration of creation of ortho-
photos on the base of DEM and the adjusted for the whole country orientation elements of aerial photos. The
check points are to be used for the quality control of every map sheet of the digital orthophotos in x, y and z
positions. The high resolution and quality checked orthophotos will be archived as part of meta data base and
will be distributed among end users of several professions. The geo-referenced with high accuracy and easy to
handle on PC-s orthophotos - besides several applications - can serve as common spatial reference for the
Hungarian GIS and RS systems.

1 BACKGROUND

As part of the Hungarian Modernisation Programme,
the aerial survey of Hungary was realised in 2000,
following the Governmental Decree No. 2159/1996.
The aerial survey was supported by the Department
of Lands and Mapping, Ministry of Agriculture and
Regional Development (DLM MARD) and financed
by the ANP EU Harmonisation Programme.

2 OBJECTIVES OF THE AERIAL SURVEY OF
HUNGARY

The main objective of the Campaign was to develop
a digital image database covering the whole area of
Hungary in the Uniform National Projection System

(EOV) that corresponds to the scale 1:10 000, of
resolution at least 1m. It was planned to reach this
goal through the photogrammetric processing of ae-
rial photographs taken by metric camera, in almost
identical period of time and at approximately identi-
cal scale.

The resulting database, beyond its topographic
use, can serve as a basis for setting up any further
optional GIS, providing compatibility and connect-
ing similar systems developed for various purposes
in the interest of assuring the geometric order of the
country. Its importance can easily be justified con-
sidering its possible use at various levels (national,
regional, local, and also continental in the future as
an EU-member country) and in various sectors (en-
vironmental protection, agriculture, water manage-
ment, civil security, regional development etc.).
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Our intention was to produce aerial photographs
that can be the basis of satisfying various user de-
mands:
1. Analogue photomaps at scale 1:5 000 that can be

interpreted according to the needs of the coun-
trywide agrarian census of 2000.

2. 3D digital data for the Hungarian Topographic
Programme.

3. Revision of EOV topographic maps at scale 1:10
000, using digital orthophotos.

4. Digital orthophotos for the National Cadastre
Programme, supporting the planning of the digital
revision of maps of rural areas at scale of 1:4 000.

5. Parcel-level digital or analogue photomaps for
supporting the performance of tasks connected to
the IACS (the Integrated Administration and
Control System for future EU agrarian subsidy).

6. Providing up-to-date data for regional planning in
areas damaged by floods or water-logged area.

7. Additional information for developing the
CORINE 1:50 000 land cover database.

8. Performing interpretation in other fields of activ-
ity:
• surveying the status of crops, vineyards, or-

chards in a given timeframe,
• control of cultivation status,
• demarcation of uncultivated lands,
• checking soil mapping status,
• demarcation of soil erosion areas,
• planning amelioration activity,
• detecting cultivation anomalies,
• surveying forest areas and their tree popula-

tion,
• current status of villages and other settlements,
• jobs related to urban development,
• demarcation of underdeveloped areas accord-

ing to EU norms,
• survey of environment status,
• detecting dumps,
• detecting unlicensed construction activity,
• planning land consolidation jobs,
• comparing the actual and the legal situation of

boundary lines of roads or railway lines,
• selecting the optimal version for planning the

track of motorways,
• checking the inter-visibility of cell-phone net-

works etc.

3 PLANNING THE AERIAL SURVEYING
CAMPAIGN

In our professional history, a similar aerial survey of
such a large extent and limited duration (three
months!) has never occurred in Hungary before, so
we had no sufficient experience in this respect.

In the eighties, the Cartographic Institute of the
Hungarian Army of those times performed a small-
scale aerial surveying programme, covering the

whole area of Hungary in 4-5 year long periods of
time. There were similar attempts also by FÖMI to
carry out a countrywide aerial survey of uniform
scale, last time in 1991, aiming at supporting the
land privatisation, but those initiatives have never
been realised.

When determining the technical and economic
conditions of the "Aerial Survey of Hungary, 2000",
we could calculate with our existing professional
experience in research and practice, the international
achievements and the skills of our colleagues in re-
lated disciplines (GPS), and last but not least, the
lessons learnt through international missions, con-
ferences and exhibitions, and also professional dis-
cussions during the preparatory phase.

3.1 Selecting the Scale of Aerial Photography and
Determining the Technical Parameters

A preliminary plan was drafted for determining the
technical parameters of an aerial survey to be per-
formed by topographic camera, for producing digital
orthophotos covering the whole area of the country
and for selecting the optimal photo-material. Our in-
tention was to propose a solution that would be eco-
nomical, cost-efficient, but also effective and multi-
purpose at the same time.

3.1.1 Selecting the Scale of the Aerial Survey
Factors depending on the scale of the aerial survey
• Ground resolution (the smallest size of an ob-

ject that can still be easily identified in the ae-
rial photograph).

• Accuracy that can be achieved from the pho-
tographs projected onto the terrain.

• Altitude of the aerial photography (capacity of
the airplane, focal length of the cameras,
thickness of air layers etc.) The number of
days convenient for aerial survey is decreasing
with the altitude of the plane, which is deci-
sive, when preparing a countrywide aerial sur-
vey.

• In the case of analogue photos, 5-6 times
enlargements are generally accepted, when the
photographs keep their information content. So
the surveying scale defines the measure of the
enlargement and thus determines the fields of
further multi-purpose use.

• The scale determines the number of strips to
be photographed, the summarised length of all
strips, consequently, the time needed for pho-
tographing.

• The scale of the aerial survey determines the
number of photographs to be taken (this num-
ber will exponentially increase with increasing
the scale!).

• Quantity of the photo films to be used, the
workload of photogrammetric processing and
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all the above listed factors determine finally
the costs of the whole campaign.

Considering the factors, an analysing table was pre-
pared for summarising the data and supporting the
calculations, and Hungary was placed into an imagi-
nary rectangle before selecting the scale of the aerial
survey.

Table 1. Data gained during the preparatory phase of planning
prior to decision-making

Planning Data
Scale of

the
planned

aerial sur-
vey

Number of
photographs

Duration of the
aerial survey

(including
turns)

in hours

Ground resolu-
tion of the Ae-

rial Photo-
graphs

cm
1:10 000 58 812 192 8 - 12
1:20 000 14 732 96 20 - 25
1:25 000 9338 77 25 - 32
1:30 000 6591 65 30 - 36

Conclusions:
• It is advisable to perform flights in east-west di-

rection, because in this case the time needed for
the turns is shorter than otherwise.

• Considering the number of photographs, the
multi-purpose use, the accuracy reachable from
the photographs, the selection of scale 1:25 000
or 1:30 000 can be justified.

Decisions:
• After discussing the cost-efficiency aspects of ae-

rial survey and photogrammetric processing, the
scale 1:30 000 was selected. In this case, we
achieve almost the same results with 30% less
number of images processed than with the 1:25
000 scale images.

• We decided to take photographs parallel on nor-
mal colour (C) and colour infrared (CIR) films,
relying on the results of our previous research
aiming at developing photogrammetric and re-
mote sensing methods.

• We also had to decide, if we would develop the
aerial films as negatives or as positives. For this
purpose, we had to consider that the scanning of
films was also necessary for subsequent digital
processing. According to international experi-
ence, better result can be achieved by the digital
transformation of slides. Finally, contrary to the
Hungarian practice, slide version was selected.

• Based on previous analyses and favourable do-
mestic and international experience, KODAK
film was selected.

3.1.2 Determining the Scanning Parameters of Ae-
rial Films

The final objective of the aerial survey programme
was to develop a digital orthophoto database cover-
ing the whole area of Hungary. When planning the
job, no digital aerial topographic cameras were
available.1 Therefore, also scanning had to be in-
cluded for the digital transformation of the analogue
aerial photographs, in the interest of digital photo-
grammetric processing. FÖMI had no experience in
this respect at all, so the scanning parameters were
defined mostly based on the professional literature
and consultations with external advisors.

When preparing the decision, we had to consider
the following:
• ground resolution of the raster image data,
• managing the huge digital database in the

FÖMI Central Archives,
• possible data supply/service,
• determining the optimal proportion between

accuracy and cost-efficiency of photogram-
metric processing, technical and economic pa-
rameters of the data carriers,

• life expectancy of data carriers,
• minimal loss of images,
• photographic and photogrammetric quality of

scanning.

Considering all these, the following further decisions
were made:
1. Perform scanning by photogrammetric scanners,
2. Resolution of scanning is 20-21 microns,
3. Perform natural colour scanning, spectral resolu-

tion: 24 bit/pixel,
4. No image manipulation during scanning,
5. Data format: uncompressed TIFF,
6. Data carrier: DAT cassette (12 or 18 GB)

Table 2: Storing capacity needed in the case of countrywide ae-
rial survey at various scales for scanning with apertures 7µm
and 21µm

Scale of the
aerial sur-

vey

Number of
photographs

Ground resolution of
scanned aerial photo-

graphs (cm)

7µm:
one image
3.375 GB

21µm:
one image
375 MB

1:10 000 58 812 8 - 12 20 - 25 198,5 TB 22,1 TB

1:20 000 14 732 20 - 25 40 - 45 49,7 TB 5,5 TB

1:25 000 9338 25 - 32 50 - 55 31,5 TB 3,5 TB

1:30 000 6591 30 - 36 60 - 65 22,2 TB 2,5 TB

In Table 2, it can be seen that scanning with aperture
of 7 µm (the smallest one) keeps the resolution of
the analogue film, but the size of the resulting
scanned digital dataset is huge and unmanageable,
considering both further processing and data servic-
ing. A scanning with aperture 7 µm is recommended

1 The prototypes of the first commercially available digital ae-
rial surveying cameras were presented at the Annual Con-
gress of ISPRS of the year 2000, in Amsterdam by Leica He-
lava and Zeiss, parallel with our aerial surveying program.

022   159 11-12-2002, 09:36:18



160 Winkler, P. 

for special cases and specials jobs, but never for set-
ting up a countrywide database. For the sake of
manageability and multipurpose use, scanning with
21 µm aperture was selected.

4 STARTING AND PERFORMING THE
AERIAL SURVEYING CAMPAIGN

The significant development of aerial surveying
techniques, installation of forward-motion compen-
sation allowed the use of high-speed airplanes. Us-
ing GPS techniques for navigation and positioning
has increased the safety of performing aerial sur-
veys, and assured good correlation between the
planned and factual data.

DLM MARD accepted the FÖMI proposal for ae-
rial survey of whole Hungary, and the draft was in-
cluded into the ANP EU harmonization program. As
green light was given to the harmonization program,
funds were allocated for the realization of the aerial
survey. As a rule, a corresponding tender for public
procurement was launched. Three applicants came to
FÖMI to collect the tender dossier that contained all
rules and regulations on public procurement, legal
issues and the strict prescriptions, specifications
concerning the performance of the aerial survey. All
expectations were formulated concerning the future
deliverable documentation, last deadline of perform-
ance and copyright of the photographs.

In the Technical Documentation, together with
the technical parameters, we also have formulated
the obligations of the Contracting Party concerning:

• Terms of Reference, objectives of the aerial sur-
vey,

• Technical parameters of the aerial surveying plan,
its specifications and the approvals,

• Requirements against aerial metric camera and
films to be used,

• The procurement of the necessary permits for per-
formance,

• Meteorological conditions of aerial survey,
• Navigation parameters (20% overlapping be-

tween strips!)
• Data to be registered when taking aerial photo-

graphs,
• Accuracy of determining the projection centre by

DPGS,
• Quality requirements of photographic processing,

criteria of quality control,
• Scanning parameters of aerial films etc.

Three highly professional offers were submitted
to the Evaluation Committee. The offers were evalu-
ated according to previously stated principles. Un-
fortunately, the available funds did not allow us to
order the aerial survey of Hungary both on C and

CIR aerial films (for parallel survey, all three offers
surpassed the allocated funds).

EUROSENSE Kft. was selected as winner of the
tender – this announcement was published on 9 Feb-
ruary 2000 in the Public Procurement Bulletin).

According to our specifications, the aerial survey
could start at the earliest, when the position of the
Sun at culmination reached the value 35o06'. (This
happened on 1 March 2000). It was strictly specified
that surveying would start two hours before culmina-
tion, and the aerial survey would have to be finished
two hours after culmination. Any other period of
time could be selected based on previous agreement
with FÖMI.

In the interest of good photographic quality, also
the meteorological specification was very strict:
• Aerial survey can be performed only, when the

horizontal visibility is at least 20 km.
• The strength of wind cannot cause tilting of the

camera axis.
• No photographs can be taken on areas covered by

shadow of cloud, or smoke, fog, smog.
• No photographs can be taken on areas covered by

snow, snow spots or on flooded places.

The first flight took place on 7 March 2000. But
further on, till 19 April, the above detailed condi-
tions could not be fulfilled. Fortunately, from that
day on, the meteorological conditions developed fa-
vourably. By 21 June, the whole programme was
performed, together with a part of repetitions.

After the closing date, two additional flights were
still performed. The first one on the southern border,
on the direct request of FÖMI, to cover the areas
along the border as much as possible. The second
one was organised on 2 August to complete the
missing repetitions.

It is worth comparing the planned and factual
data. Without repetitions, the prescribed number of
days convenient for aerial surveying was 19, with
daily 4 hours of flying time. It means altogether 76
hours for taking photographs. The time spent with
taking photographs in fact was 75 hours and 29 min-
utes. This result proves the highly professional plan-
ning and performance.

After finishing the programme, all the materials
resulting from the flights were handed over to FÖMI

for archiving, processing and data-servicing pur-
poses.
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Table 3. Number and duration of aerial surveying flights
performed within the "Aerial Survey of Hungary 2000"
Programme

Aerial Survey Start Landing Duration
of flight

Taking Photos

Mis-
sion Date h: m Begin Finish

Duration of
taking pho-

tos
(hours,

minutes)

1. 2000.03.07 9:05 12:55 3:50 10.32 12:15 1:43

2. 2000.04.19 9:25 13:25 4:00 10:38 12:43 2:05

3. 2000.04.21 8:55 12:55 4:00 10:01 12:10 2:09

4. 2000.04.22 8:45 12:10 3:25 9:51 11:35 1:44

5. 2000.04.24 8:35 12:40 4:05 10:00 12:11 2:11

6 2000.05.02 9:40 14:10 4:30 11:03 13:50 2:47

7. 2000.05.03 9:25 13:05 3:40 10:06 12:35 2:29

8. 2000.05.06 8:30 13:25 4:55 9:26 13:01 3:35

9. 2000.05.07 8:25 13:20 4:55 9:26 12:52 3:26

10. 2000.05.13 8:35 13:35 5:00 9:54 13:08 3:14

11. 2000.05.14 8:45 13:55 5:10 9:47 13:34 3:47

12. 2000.05.15 8:30 12:00 3:30 9:45 11:13 1:28

13. 2000.05.16 8:10 12:10 4:00 9:13 11:50 2:37

14. 2000.05.17 8:25 12:15 3:50 9:18 11:38 2:20

15. 2000.05.18 8:25 12:55 4:30 9:30 12:25 2:55

16. 2000.05.26 8:10 12:40 4:30 9:13 12:09 2:56

17. 2000.05.27 8:10 13:30 5:20 9:13 13:04 3:51

18. 2000.05.28 8:05 12:35 4:30 9:09 12:15 3:06

19. 2000.06.02 8:10 13:35 5:25 9:20 13:04 3:44

20. 2000.06.03 8:20 13:55 5:35 9:25 13:36 4:11

21. 2000.06.04 8:15 13:55 5:40 9:39 13:32 3:53

22. 2000.06.05 8:25 13:40 5:15 9:04 13:12 4:08

23. 2000.06.09 8:29 14:04 5:35 10:00 13:43 3:43

24. 2000.06.10 8:15 10:10 1:55 9:13 9:49 0:36

25. 2000.06.18 8:10 11:45 3:35 9:05 10:48 1:43

26. 2000.06.20 8:05 13:00 4:55 9:04 12:37 3:33

27. 2000.06.21 8:35 12:05 3:30 9:20 10:55 1:35

Altogether:
119 h

05 min
75 h

29 min

28* . 2000.07.26 9:30 11:35 2:05 10:14 11:04 0:50

29**. 2000.08.02 8:05 11:35 3:30 10:08 11:20 1:12
Together with Missions

28-29:
124 h

40 min
77 h

31 min

Notes to Table 3:
Mission 28: on the direct request of FÖMI, Mission 29: speci-
fied repetitions

Table 4. contains the summary of repetitions, from which one
can see the number of the repeated photographs by projection
centres

Times of
repetitions

Number of pro-
jection centres

Number of all photos
taken

Once 5884 5884
Twice 719 1438

Three times 32 96
Four times 7 28
Altogether 6642 7446

The individual character and value of the original
dataset – both colour slides and the raster dataset –
requires special treatment and archiving. Internal
regulations were compiled in this sense both for
managing, archiving and accessing to the images.

Table 5. Number of photos archived in FÖMI

Number of repetitions

1x 2x 3x 4x

Number
of projec-
tion centre

Number
of digital
images

Number
of colour

slides

Number
of colour
contact
copies

Number of
shots?? 5884 719 32 7 3321
Including
repetitions

5884 1438 96 28 7446

Handed
over to
FÖMI al-
together

6642

6667 7446 3321

Notes to Table 5:
1. All repeated photographs of original colour slides were

handed over.
2. According to specifications, both stereo pairs of the re-

peated photo had to be scanned to make sure the joining of
repeated photographs. Their number is less than that of the
repeated photos, because after many repetitions, only the
accepted photos were scanned.

3. To ease data servicing, contact copies were produced for
every second projection centre for selecting and managing
photos, or for showing them to users.

5 TOWARDS A UNIFORM SYSTEM OF
DIGITAL ORTHOPHOTO MAPS FOR
HUNGARY (MADOP PROGRAMME)

As mentioned in the first and second paragraphs, the
main objective of the programme "Aerial Survey of
Hungary, 2000" was to develop a digital image da-
tabase covering the whole area of Hungary in the
Uniform National Projection System (EOV) that cor-
responds to the scale 1:10 000, of resolution at least
1 m.

The performance of this significant task is ex-
tremely time-consuming and requests high expendi-
ture. Therefore, this job that covers the whole terri-
tory of the country can only be performed on the
basis of a uniform technology that
• provides the highest accuracy that can be reached

from the given images,
• considers opportunities offered by both traditional

and modern photogrammetric procedures,
• is cost-efficient, gives an economical technical

solution, within optimal timeframes,
• is built on the valuable, countrywide databases

that have been developed for many years and ar-
chived at FÖMI,

• provides uniform quality and accuracy of digital
orthophotos, produced anywhere all over the
country,
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• provides state acceptance of orthophotos with a
quality certificate,

• supports the development of a metadatabase,
which is needed for further archiving, marketing
and data-servicing,

• serves as a basis for the revision of EOV topog-
raphic maps at scale 1:10 000 and for starting the
Hungarian Topographic Programme.

To realise all these, a uniform standard is still
missing, which would regulate the requirements set
against digital orthophotos in terms of format, con-
tent and accuracy. Its elaboration is now under wa.
When realising our programme, in the processing
phase we should consider the draft standard prepared
by the OEEPE and support the domestic introduction
of the Digital Orthophoto Standard by making re-
marks and modification proposals, while completing
MADOP.

5.1 Databases at FÖMI Supporting the Production
or Use of Digital Orthophotos

A list of the databases available at FÖMI is given
below. They are recommended for use when produc-
ing orthophotos according to the technology pro-
posed by our Institute. There are some, which would
increase the quality of the final visualisation of the
data products. (For more details, see the FÖMI
homepage: http://www.fomi.hu, both in Hungarian
and English.)

1. Database of Triangulation Network (Horizontal
Controls - VAB),

2. Database of Points of the National GPS Net-
work (OGPS),

3. Database of Vertical Controls (MAGAB),
4. Digital database of topographic base maps at

scale 1:100 000 in EOV projection (DRTA_100
and DTA_100),

5. Digital Elevation Model of Hungary of 100 m
by 100 m grid density (DDM_100),

6. Raster database of the topographic base map at
scale 1:10 000 in EOV projection (DRTA_100),

7. Database of Administrative Boundaries of Hun-
gary (MKH),

8. Co-ordinates of the breakpoints of State Bound-
ary Line (MKH50),

9. Database of the Gazetteer of Hungary.

5.2 4th Order Triangulation Network as Ground
Control Point Network for MADOP
Orthophotos

In the mid seventies, the development of the fourth
order triangulation network was started, and was fin-
ished by 1992. According to rules, the density of
fourth order points was 1 point/2 km2 in rural areas,

while in built-up areas it was better than that: 1
point/1 km2. Its accuracy is very good, ±3-4 cm,
built on the points of the higher order triangulation
network, so it forms a uniform geometric basis for
the whole country.

Consequently, it is advisable to use these points
for the aerial triangulation blocks. The accuracy of
the fourth order points is better than the one avail-
able from the aerial photographs at scale 1:30 000 in
this way they serve as a reliable basis for adjustment
calculations. As a result of the adjustment calcula-
tions, we have got the orientation parameters of the
individual aerial photographs, which fit in the na-
tional geodetic control network within the error limit
of the aerial triangulation.

The accuracy of the orientation parameters (to-
gether with that of the digital elevation model) de-
termines the accuracy of the orthophotos to be pro-
duced. In other words, it shows how accurate they fit
in the national geodetic control network. Finally, by
using fourth order points as ground control points
we can manage to fit the digital orthophotos of the
whole territory of Hungary into a uniform geometric
order.

5.3 Performing the Aerial triangulation

In order to reach the necessary accuracy of deter-
mining the co-ordinates X,Y (±8-10 µm) and Z (±
12-17µm), aerial triangulation should be performed
on original colour slides on analytic plotter, by using
radiation aerial triangulation method. Table 6 shows
the results of aerial triangulation performed in 2001,
in different areas, using the above detailed method.

Table 6. Characteristic data of aerial triangulation blocks
measured in 2001

Name of the
area

Number
of images

Number
of ground
control
points

mx

(m)
my

(m)
mz

(m)
mx

µm
my

µm
mz

µm

Bugac 20 69 0.210 0.240 0.380 7.0 8.0 12.7
Szeged 118 104 0.187 0.211 0.328 6.2 7.0 10.9
Miskolc 19 55 0.252 0.299 0.494 8.4 9.9 16.5
Pásztó 51 119 0.238 0.283 0.489 7.9 9.4 16.3
Somogyszil 6 24 0.257 0.291 0.527 8.6 9.7 17.6
Bereg 110 129 0.241 0.272 0.464 8.0 9.1 15.5
Somogy 25 60 0.220 0.242 0.397 7.3 8.1 13.2
Beseny telek 8 26 0.250 0.315 0.486 8.3 10.5 16.2
Altogether 357

The data in the table justify our preliminary ideas,
and also that aerial triangulation can be performed
by this method practically without field mea-
surement, and the absolute orientation parameters –
needed for producing digital orthophotos from them
– can be determined for any aerial photograph that
was produced within the programme "Aerial Survey
of Hungary, 2000".
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5.4 Producing Digital Orthophotos

The three main steps of producing orthophotos are
shown by Figure 1.

• Step 1. Determination of the absolute orientation
elements of the images by aerial triangulation
method.

• Step 2. Production of the digital elevation model.
• Step 3. Using the data determined in Step 1. and

Step 2, the transformation of image elements is
performed.

5.5 Digital Elevation Model

The digital elevation model serving for producing
orthophotos can be developed by various methods:
1. In analytical instruments, by semi-automatic grid-

measurement.
2. By automatic processing based on digital stereo-

pairs, using relevant hw/sw.
3. By vectorizing contours and other relief elements

of the existing topographic maps.

For MADOP, vectorizing the contours of the topog-
raphic maps at scale 1:10 000 with reduced content
produced the grid model EL-DDM_5. This decision
was made because of the following reasons:

Many studies discuss the automatic digital pho-
togrammetric procedures, mostly stressing their ad-
vantages, but forgetting that no data can be produced
from aerial photographs that are perfectly ground-
true. (Note that after finishing any photogrammetric
procedure, a subsequent field check has always been
necessary for completing the data that cannot be
seen in the photograph, wrongly displayed or non-
interpretable.)

This was the case too, when producing the topog-
raphic maps of Hungary at scale 1:10 000. During
the 30 years of the topographic programme, the ap-
plied technology has changed a lot. It can be stated
that the majority of the map sheets was produced on
the basis of aerial photographs, various photogram-
metric procedures, but also using a significant

amount of additional field measurement data, in line
with the strict rules of the Regulation T.1.

To check the procedure, FÖMI contracted the
Department of Photogrammetry and GIS, Economic
and Technical University of Budapest, and also the
Department of Photogrammetry of the College of
Geoinformatics, University of Western Hungary for
the assessment of accuracy of the relief on the to-
pographic maps at scale 1:10 000. Both Contracting
Parties, independently from each other and using
different measuring methods have examined alto-
gether about 7500 checkpoints. They placed the
points measured in 2000 into the co-ordinate-system
of topographic maps produced 10-15 years earlier.
The elevation co-ordinates were compared against
the elevation data interpolated from contours of the
maps, so that they calculated the differences.

Conclusions of both studies:
1. The changes of relief since the production of the

maps are not considerable.
2. Where significant changes occurred, the differ-

ences in altitude appeared as serious errors.
3. Apart from the above – extreme – cases, the aver-

age error of relief presentation remained within
the limit of error specified by Regulation T.1. ac-
cording to the checking measurement of the map
sheets. This is shown in Table 7.

Table 7. Accuracy control of relief in the topographic maps at
scale 1:10 000

11 m 2.51 m 51 mExamining insti-
tution No2 z (m)3 No2 z(m)3 No2 z(m)3

Dept. of Photogam-
metry and GIS, Eco-
nomic and Technical
Univ. of Budapest

815 ±0,56 1826 ±1,03 35 ±1,0

College of Geoinfor-
matics, Univ. of West.
Hungary

2316 ±0,47 2313 ±0,73 - -

Notes to Table 7.
1 – value of the contour interval
2 – number of points involved in the examination
3 – mean error of differences given in m.

The results of the studies confirmed that the digi-
tal elevation model needed for the digital orthophoto
production from images of "Aerial Survey of Hun-
gary 2000" we should use the elevation model de-
rived from the vectorized contours of existing topog-
raphic map sheets. If necessary, the elevation model
can be completed in certain cases by stereo-
evaluation or by additional field measurements in
the areas selected through checking the measure-
ments performed on the basis of stereo-models.
Summing up the above facts, it can be stated that us-
ing the proposed procedure we managed to save ex-
penses providing at the same time:
• the use of existing databases of FÖMI,
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• the economically achievable maximum of geo-
metric accuracy of the images originating from
the "Aerial Survey of Hungary 2000",

• the use of uniform technology, and so producing
digital orthophotos of almost identical accuracy
for the whole area of the country,

• production of EL_DDM_5 on the base of data set
originating from further national topographic
programs and serves as a basis to a countrywide
uniform digital elevation model (DDM_5) of
large resolution, usable at any sector of national
economy.

6 EXPECTED END-RESULT: A UNIFORM
DIGITAL ORTHOPHOTO DATABASE OF
HUNGARY

The end-result of the campaign will be the Uniform
Digital Orthophoto Database of Hungary, forming
the uniform geometric basis of various GIS and RS
production.

The start of various programmes is forecast in the
year 2002, which uses the products of MADOP Pro-
gramme. Note that the digital orthophoto database
being under way and DDM_5 offer mutual opportu-
nity for checking many national databases and also
for supporting the programmes of other sectors:
• Planning and performance of 1:10 000 topog-

raphic map revision becomes continuous and
economical,

• Checking of location-border database of MKH
(Hungarian administrative boundary database)
will be more simple,

• MADOP database serves as a basis for the IACS
of the EU concerning agricultural subsidy, based
on block system,

• MADOP forms a starting basis for realising the
Hungarian Topographic Programme,

• The uniform orthophoto system forms a good ba-
sis for checking the vectorizing of cadastral maps
of rural areas,

• It can help the planning and performance of pro-
jects of National Cadastre Programme Non-Profit
Company,

• It can be the basis for planning projects of na-
tional parks and nature conservation areas,

• It can help in restoring areas damaged by flood or
water logged area,

• It can be of good use in comparing and harmonis-
ing of forest management data with cadastral
data,

• The orthophotos represent an irreplaceable infor-
mation in documenting and archiving the national
cultural heritage,

• It forms a good informatics’ basis for settlement
planning policy programmes of the local govern-
ments,

• It offers valuable additional information for real-
ising the restarted land evaluation programme,

• It serves as a basis for land consolidation pro-
gramme,

• It can assist the realisation of the tasks of the Na-
tional Land Fund by offering GIS basis,

• It is an essential tool of demarcating underdevel-
oped and endangered areas sensitive to the envi-
ronment.

• It plays an important role in supporting the EU
SAPARD Programme,

• It provides a uniform basis related to a selected
timeframe for improving the vineyard and or-
chard cadastre etc.

The above list indicates, in how many ways the
huge database could be utilised. At the same time,
this enormous dataset represents a new task for
FÖMI: to organise the efficient and up-to-date data
servicing, digital and analogue archiving of the im-
ages.

The completion of the Aerial Survey of Hungary,
2000 and the starting of the MADOP Programme
brought in some new solutions at the Institute in
various fields:
1. First time in Hungary's history, in the 2000th year

we managed to realise the aerial survey of the
whole country, and within three months.

2. This is the first occasion that we arranged the
flights with 20% overlapping among the strips,
and not along the topographic map sheets.

3. This is the first time we have used the GPS navi-
gation and DGPS facilities maximally.

4. At the Institute, we have never managed, kept, ar-
chived and processed digital and scanned aerial
photographs, and the more, of a 2.5 TB amount of
them.

5. At FÖMI, there was no infrastructure in terms of
hardware, software and skilled human resources
for producing and processing digital orthophotos
before.

6. There has never been an efficient and quick digi-
tal metadatabase before that would also provide
the users with the opportunity of loading addi-
tional data and connecting them with each other.

6.1 Current Status of MADOP (July 2002)

• The Aerial Survey Programme was completed.
7446 colour slides, 6667 scanned digital images
and 3321 colour paper-based contact copies were
produced and handed over for archiving to FÖMI.

• 4098 colour prints of the 1:10 000 topographic
map sheets covering the whole country, together
with 12294 sets of planimetric, hydrographic and
relief layers were rasterized, and geocoded.

• According to plans the vectorized version layers
of contour lines of 2673 map sheets will be ready
by 31 July 2002,
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• An elevation model (EL_DDM_5) of 1 105 map
sheets was completed by December 2001.

• The aerial triangulation of altogether 2247 mod-
els was completed before April 2002, by using
the technology proposed in the present study.

• Digital orthophotos were produced for altogether
166 map sheets, according to the uniform tech-
nology.

The above listed achievements are very promis-
ing in the sense that we will be able to fulfil the
Digital Orthophoto Programme of Hungary
(MADOP) and create the database, which – serving
as a uniform basis of domestic GIS and RS – repre-
sents a significant step towards creating the geomet-
ric basis of up-to-date national GIS in the light of the
EU accession. To perform this task, strict techno-
logical discipline and further investments are
needed, but it will – hopefully – result in such a
product of precise geometry and new content that
describes the current status of the whole area of
Hungary in the 2000th year for the present and also
for the future.
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