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Classical leveling based height reference frame
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EOMA (EPSG:5787)

Lechner Non-profit Ltd. – GNSS + InSAR in Hungary

• Established through decades of effort
• Provide practical access to traditional methods
• Has an essential role in geoid calculation and fit

DRAWBACKS:

Inhomogeneous
spatial distribution

Resource-heavy
maintenance

Heights only known
on reference epoch

Paunescu, C. et al. (2023) Considerations Regarding Romania's Leveling Network. FIG Working Week 2023. Proceedings.

The effect of ground motion is not considered



Proof of deformation – KMO 1-2

2nd leveling : 2007-2009

1st leveling: 1975-1978

Location Point ID Diff. [mm]

Kecskemét0000021-1 -29

Kunhegyes 0000026-1 -44

Hajdóböszörmény0000028-1 -70

Nyírábrány0000029-1 -62

Mátészalka0000030-1 -40

Kisvárda 0000031-1 -23

Tokaj 0000032-1 +19

Baksipart 0000033-1 +7

Telkibánya0000034-1 +3

Sajógalgóc0000035-1 +2

Szarvaskő 0000036-3 0

Nógrádszakál0000037-1 +26

Börzsöny 0000038-1 +13

Letkés 0000039-3 +22

Dunakeszi 0000040-1 +10
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Max difference: -17 cm

Re-measured primary benchmark

Lechner Non-profit Ltd. – GNSS + InSAR in Hungary

Busics Gy. (2010): Az EOMA ¼jram®r®s®nek elŖzetes eredm®nyei az elsŖ h§rom poligonban

Vir§g G. (2011): Az ¼jram®rt EOMA poligonok kiegyenl²t®se



Proof of deformation – GNSS

• Derived from the coordinate time 
series of GNSS stations (removing 
trend-like plate motion)

• Horizontal and vertical components 
can be estimated

• Low data density for direct geodetic 
applications (interpolation 
required)

• Source of motion difficult to isolate 
(building, surface)

https://epnd.sgo-penc.hu
Métivier, Laurent & Rebischung, P. & Collilieux, X. & Chanard, K. & Barneoud, Julien. (2023). ITRF2020 Plate Motion Model. Geophysical Research Letters. 50. 10.1029/2023GL106373. 

Horizontal GNSS site velocities



Proof of deformation – InSAR (Radar interferometry)
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• mm scale deformation data from satellite radar image series
• Coherent signal reflection -> PersistentScattererpointswith time series
• Relative technology-> GNSS data for referencing and mosaicsmerging

European coverage: EGMS Hungary specificnationaldatabase: comingsoon

https://egms.land.copernicus.eu/

Lechner Non-profit Ltd. – GNSS + InSAR in Hungary



Effect of ground motion on the height of reference points
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Ábra 1 Ábra 2

88.998 m 89.401 m

88.919 m 89.317 mRE-MEASURED HEIGHT (2024.7)

mm/y

Törökszentmiklós

ORIGINAL NORMAL HEIGHT (1980.0)

0620121-1 0017225-1
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Ábra 1 Ábra 2

88.998 m 89.401 m

VELOCITY FROM InSAR -2.1 mm/y -1.8 mm/y

88.919 m 89.317 m

mm/y

Törökszentmiklós

0620121-1 0017225-1
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RE-MEASURED HEIGHT (2024.7)

ORIGINAL NORMAL HEIGHT (1980.0)

Effect of ground motion on the height of reference points



8

Ábra 1 Ábra 2

88.998 m 89.401 m

-2.1 mm/y -1.8 mm/y

PREDICTED HEIGHT (2024.7) 88.904 m 89.321 m

88.919 m 89.317 m

Törökszentmiklós

0620121-1 0017225-1
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VELOCITY FROM InSAR

mm/y

RE-MEASURED HEIGHT (2024.7)

ORIGINAL NORMAL HEIGHT (1980.0)

Effect of ground motion on the height of reference points
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Ábra 1 Ábra 2

102.127 m 129.410 m

-2.8 mm/y -1.7 mm/y

102.002 m 129.334 m

102.013 m 129.343 m

Nagyfüged

1061110-1 0911121-1
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Effect of ground motion on the height of reference points

PREDICTED HEIGHT (2024.7)

VELOCITY FROM InSAR

mm/y

RE-MEASURED HEIGHT (2024.7)

ORIGINAL NORMAL HEIGHT (1980.0)
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Height predictions that do 
not fit well with observations

Ábra 1 Ábra 2

87.993 m 162.484 m

-3.8 mm/y +1.5 mm/y

87.823 m 162.551 m

87.959 m 162.447 m

0620115-1 1050107-1

Lechner Non-profit Ltd. – GNSS + InSAR in Hungary

Effect of ground motion on the height of reference points

PREDICTED HEIGHT (2024.7)

VELOCITY FROM InSAR

mm/y

RE-MEASURED HEIGHT (2024.7)

ORIGINAL NORMAL HEIGHT (1980.0)



Reasons for weak prediction
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Potential factors:
• Observationerrors
• Non-lineardisplacement
• Radar data only available back to the 90’s
• It is challenging to pinpoint the optimal PS point.

Idea:
• Supporting satellite technologies with new ground infrastructure-> IMMA

PS point time series

Lechner Non-profit Ltd. – GNSS + InSAR in Hungary



IMMA – Integrated Geodetic Reference Station
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GNSS +InSAR+Leveling+Gravimetry

MBAJMPEN

The station
is on the ground

Permanent
monitoring

Regular leveling
between IMMA 

sites

InSAR+GNSS ->
ground motion

modelling

IMMA stations (2024.10.24.)*

*See national report for more details



INGRIM

project



INGRIM –ESA funded2023-24 
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(1)Construction of 7 new IMMA stations 

(2) Development of new height reference surfaces, which include::
- a newgeoid;
- GNSS + InSARdeformationmodel;

(3) test surveys to verify the model
- a newcoordinatetransformationsolution

(4) Recommendations for the implementation of a new height reference and field application of GNSS-
based technology

IMMA sites in the project area

Lechner Non-profit Ltd. – GNSS + InSAR in Hungary



INGRIM deformation model
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• GNSS velocities
EPND database
Least-squarescollocation

• InSAR processing
Sentinel-1 images2014-2023
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Vertical GNSS site velocities PS-InSAR points

Deformation model



Role of the deformation model in height measurement
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GEOID

To get the original height(H), the measured ellipsoidal height(h) must be reduced by the magnitude 
of the ground motion(vUx dt) and by the geoid height.

Ground motion



INGRIM  test measurements–differences at re-measured points
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ORIGINAL HEIGHT – NEW (GEOID ONLY) ORIGINAL HEIGHT - NEW (GEOID+DEFORMATION MODEL)

Lechner Non-profit Ltd. – GNSS + InSAR in Hungary



Thank you!

36 (1) 279-2610
www.lechnerkozpont.hu
www.sgo-penc.hu
www.gnssnet.hu

H-1111 
Budapest, 
Budafoki út 59.

Contacts:

Lechner Non-profit Ltd. – Satellite Geodetic Observatory

36 (1) 279-2610
ambrus.kenyeres@lechnerkozpont.hu
sandor.toth@lechnerkozpont.hu

tel:+3618842593
tel:+3618842593
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