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- Current status of MAKPOS system;

- Implementation of the unique transformation model for the 

entire country through the MAKPOS system;

- Implementation of the qGeoid model through the MAKPOS system;

- Implementation of qGeoid model in GNSS\Leveling 

- Conclusion remarks

INTRODUCTIONS



- Number of stations: 15

- Interdistance: ~50 km

- Control center: AREC - Skopje

- Services: DGPS, RTK, PP

- Communication lines: VPN, ADSL

- Data distribution: GPRS, Internet

Since January 2020 - 3G NETWORK: GPS/GLONASS/GALILEO

Main characteristics

CURRENT STATUS OF ACTIVE GNSS NETWORK -

MAKPOS

From 2023 new categories of user 

(precise agriculture users)

Leica AR25

GR10 and GR 30



DETERMINATIONS OF GRID MODEL

7P Xelmert transf. + grid model

ASCII format – gridxy.dat;

~ 10 cм

State grid model

update of grid model 2012 ~

grid:  3 x 3 km

total: ~ 3000 point Graphical interpret. of residuals resolutions 10 km

Model testing

This model is currently applay in MAKTRAN software and in MAKPOS system

Maktran is software for coordinate transf. develop by AREC (online version is free of 

charge from 01.11.2023)



Gravimetric measure point

+ 

EGM08 data

Gravimetric measure point 27 GNSS/leveling point

First national gravimetric qazi geoid model (model 2020)

First calculations done in 2020, (supported by Statens Kartverk – (Norwegian Mapping authority)

- 2310 gravity measure point (all NVT3 benchmark 1098 + grid 5x5 км)

- 27 GNSS / Leveling point, combine connection point (1 point ~ 50 km)

- Gravimetric data EGM08 (~ 150 KM around territory of Macedonia),

- DTM 50 m resolution.

Input data:

DETERMINATIONS OF GRAVIMETRIC Q GEOID 

MODEL 



DETERMINATIONS OF GRAVIMETRIC Q GEOID 

MODEL 

-Updated model in 2023y 

-Data set of second model consists of the 27 point from model 2020 with updated values + 58 new points. 

-We get SD around 4.5 cm for first, and 4.0 cm for second model after removing all stations deviating more 

than 10 cm from the geoid, (a total of 77 points for second model).

Model 1, sd ~4,5 cm 

Model 2, sd ~4,0 cm 
Connection point of model 2 from 2023y



We have define new spider product for direct applications of grid and geoid model 

through MAKPOS RTK system

SETTING OF GRID AND GEOID MODEL THROUGH 

MAKPOS SYSTEM

1. MKD_GRID (grid model) 

2. MKD_GRID_QGEO (grid + geoid model)

New GNSS setting for users:

- Use auto coordinate system

- Server MAKPOS, port: 9002

- NTRIP mountpoint CSCS_QGEO



IMPLEMENTATIONS OF GRID AND GEOID MODEL THROUGH MAKPOS SYSTEM

Perform test measurement with new MAKPOS product during 2023 year

Tested 51 point with RTK measurement:

- NVT3 nodal point,

- NVT3 Fundamental point,

- NVT3 benchmark,

- MAKREF (Passive GNSS network)



Define of precise quazi-geoid model for transformations of height define with GNSS 

technique into the state height refernce system  

Clasical geometric leveling measure 

GNSS 

measurement  GNSS Geoid ModelH h N 

Accuracy is directly depended of quality of geoid model and of quality of GNSS 

measurement metod  

2 2
Geoid modelGNSSH
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IMPLEMENTATIONS OF GEOID MODEL IN GNSS LEVELING 



The aim is to achieve the height level of 

interoperability of national set of geospatial data 

used by all relevant subject.

Homogeneity of data in whole 

territory of RM with height 3D 

accuracy 

BENEFITIONS OF IMPLEMENTATIONS OF 

GRID AND GEOID MODEL INTO MAKPOS 

SYSTEM

Fast acvisitions of geo data into the State 

coordinate system (2D+1D)

Determinations of height data of 

official height system through GNSS 

measurement  

CONCLUSION REMARKS



Accuracy of determinations of vertical component (height) with GNSS 

technique its increasing continuously. 

For many of geodetic applications this is enough accurate, having in mind 

high quality of gravimetric geoid model. 

For short distance, classic leveling is steel most appropriate technique, but GNSS 

technique is rapidly approached in terms of accuracy and their evaluations. 

By combining satellite positioning and a high-precision geoid model, 

an elevations can be determined in range of ~4 sm.

CONCLUSION REMARKS

If height determinations by GNSS survey utilizing geoid model is possible, it is 

less cost and more efficient. 


