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GeoidGeoid Heights Computation Heights Computation 
from GPS Data and from GPS Data and 

Classical Terrestrial Zenith Classical Terrestrial Zenith 
Angle ObservationsAngle Observations

MetinMetin SOYCAN, SOYCAN, ArzuArzu SOYCAN (TURKEY)SOYCAN (TURKEY)
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��This study aims the use of conventional This study aims the use of conventional 
terrestrial zenith angle and GPS data instead terrestrial zenith angle and GPS data instead 
of GPSof GPS--geometric leveling for the geometric leveling for the 
determination of precise determination of precise geoidgeoid heights. heights. 
��The method has been probed into in The method has been probed into in 

consideration of the accuracy, practicability, consideration of the accuracy, practicability, 
measurement and evaluation criteria, and measurement and evaluation criteria, and 
has been examined. has been examined. 
��In addition, In addition, geoidgeoid profiles that have been profiles that have been 

determined with the GPSdetermined with the GPS--Zenith(GPS_ZENZenith(GPS_ZEN.) .) 
angles measurement have been compared angles measurement have been compared 
with TGwith TG--99A and IGNA 99A and IGNA geoidgeoid models to models to 
explore its consistency.explore its consistency.

GeoidGeoid can be can be determineddetermined byby;;

Global models, constituted from potential Global models, constituted from potential 
coefficients  coefficients  

Use of vertical deflection, obtained from Use of vertical deflection, obtained from 
astroastro--geodetic measurementgeodetic measurement

Gravimetric measurement,Gravimetric measurement,

GPSGPS--Geometric Geometric levellinglevelling,,

GPSGPS--Precise trigonometric Precise trigonometric levellinglevelling,,

GPSGPS--Astronomic observation,Astronomic observation,

GPSGPS-- Gravimetric measurement,Gravimetric measurement,

MATHEMATICAL MATHEMATICAL 
MODEL OFMODEL OF THE THE 

PROPOSED METHODPROPOSED METHOD
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In length of sight shorter than 500 meters, one may In length of sight shorter than 500 meters, one may 
accept that the effect of deviation of accept that the effect of deviation of verticleverticle on height is on height is 
negligibly small. In this regard, to determine negligibly small. In this regard, to determine geoidgeoid
heights by using proposed models zenith angle heights by using proposed models zenith angle 
measurements are made with short lengths of sight. The measurements are made with short lengths of sight. The 
most important remaining effect is the refraction effect, most important remaining effect is the refraction effect, 
by choosing the length of sights between points short, by choosing the length of sights between points short, 
and by making simultaneous and reciprocal zenith angle and by making simultaneous and reciprocal zenith angle 
observations by using special equipment in observations by using special equipment in favorablefavorable
meteorological conditions, this effect may be reduced to meteorological conditions, this effect may be reduced to 
a great extent. a great extent. 
When appropriate measurement and processing When appropriate measurement and processing 
strategies are applied with the GPS, it is possible to strategies are applied with the GPS, it is possible to 
determine ellipsoidal heights with an accuracy of about determine ellipsoidal heights with an accuracy of about 
9mm (Max. 13mm).  9mm (Max. 13mm).  
Consistency of Consistency of geoidgeoid profile determined with the profile determined with the 
GPS_ZEN. with the IGNA GPS_ZEN. with the IGNA geoidgeoid is 43mm (Max. 85mm, is 43mm (Max. 85mm, 
Min. 1mm), while its consistency with the TGMin. 1mm), while its consistency with the TG--99A 99A geoidgeoid
is 34mm(Max. 93mm, Min. 1mm).     is 34mm(Max. 93mm, Min. 1mm).     


