
Synchronously realize the all-element analytical modeling on gravity field
in whole space on or outside geoid.

 Has the strong ability in detection of gross errors, measurement of
external accuracy indexes and control of computational performance.

Various heterogeneous observations can be directly employed to model
all-element gravity field without reduction, continuation and griding.

The analytical relationships between gravity field elements are strict, and
the approach performance has nothing to do with observation errors.

Process demo of all-element modelling 
on gravity field using SRBFs



Process demo of full element modelling on gravity 

field using SRBFs in orthometric height system

Only six steps universal in global 
land-sea area. Everyone will !

Since the observed geoidal height by GNSS-

leveling is essentially the height anomaly on the 

geoid in orthometric height system, the height at 

GNSS-leveling sites must be the geoidal height 

rather than the ellipsoidal height of GNSS-points.



Simple process demo of All-element modelling on gravity filed using SRBFs in orthometric height system

GNSS-levelling contribution 

rate κ = 0

2~540th degree all- element grids from 

EGM2008 geopotential model

Regional 

height datum 

difference

30″ gravimetric geoidal height, gravity disturbance 

gravity anomaly, disturbing gradient and vertical 

deflection vector models on geoid

Detection of gross errors, measurement of 

regional height datum difference and GNSS-

leveling external accuracy index

All-element grid 

models of remaining 

residual gravity field

Reconstruct the heterogeneous 

observation residual file

All-element grid 

models of residual 

gravity field

The heterogeneous 

observation residual file

Calculation of gravity field elements 

from global geopotential model

The observed terrestrial, 

marine and airborne 

gravity disturbance file 
GNSS-leveling 

external accuracy 

index

30″ gravimetric geoidal height, gravity disturbance gravity anomaly, disturbing gradient and vertical deflection models on Earth surface

grid files

Detection of gross errors, measurement 

of external accuracy indexes, 

computation performance control and 

results quality assessment

All-element modelling on remaining 

residual gravity field using SRBFs

The remaining 

residual file 1

The remaining 

residual file 2

All-element modelling on gravity field 

using SRBFs from heterogeneous 

observations

The observed GNSS-

levelling geoidal height file

2~180th degree 

EGM2008 model 

geoidal height grid

The ellipsoidal 

height grid of the 

land/sea surface 
The remaining residual file 3

All-element modelling on the residual 

gravity field using SRBFs



The observed gravity disturbances (mGal) and observed GNSS-levelling geoidal heights (m)



The distribution of gravity points, 2~180th degree model geoidal height and ellipsoidal height of the terrain surface



The ellipsoidal height here at 

GNSS-leveling point is the 

observed or model geoidal 
height ， not the observed 

ellipsoidal height.

The model geoidal height (m) at 

the GNSS-levelling points

(1) Remove reference model value from all the observations and then 

construct the heterogeneous observation residual file.

Residual GNSS-leveling 

geoidal height (m)

Residual gravity 

disturbances (mGal)

The heterogeneous 

observation residuals

The observed 

gravity 

disturbances 

The observed 

GNSS-leveling 

geoidal heights 



(2) Detect the gross errors of the observations and then reconstruct 

the heterogeneous observation residual file.

Select the remaining 

residuals (column 5) as 

the statistical reference.



Reconstruct the heterogeneous 

observation residual file 
obsresiduals01.txt.

Separate the remaining residuals 

of the observed GNSS-leveling and 

observed gravity disturbances 

from rntSRBFgeoidh30s0.chs.



(3) Measure the regional height datum difference and GNSS-leveling 

external accuracy index.

𝟎. 𝟐𝟕𝟔𝟖m The external accuracy index 

(SD) of the 2~540th degree model geoid

𝟎. 𝟎𝟐𝟒𝟑m The external accuracy index  

(SD) of GNSS-levelling

−𝟎. 𝟑𝟒𝟖𝟐 − −𝟎. 𝟎𝟎𝟕𝟎 = −𝟎. 𝟑𝟒𝟏𝟐m

The measured height datum difference 
Only using the observed gravity disturbances.



(4) All-element modelling on the residual gravity field using SRBFs

Can furtherly detect and remove the 
observation gross errors from *.chs，
and then repeat the step (4). ☻

All-element models rntSRBFgeoidh30s1.xxx 

of the residual gravity field 



Input the file rntSRBFgeoidh30s1.chs output 

from the previous step.

(5) All-element modelling on the remaining residual gravity field using SRBFs

𝟎. 𝟎𝟏𝟒𝟕𝒎 ≈ 𝟏. 𝟓cm The accuracy 

index (SD) of geoid modeling.

All-element models rntSRBFgeoidh30s2.xxx 

of the remaining residual gravity field 



(6) Restore the reference gravity field and generate the 

30″ all-element models of the gravity field on the geoid.

Model vertical deflection 

vector (″) on geoid

Model disturbing gravity 

gradient (E) on geoid

All-element models 

geoidh30srst.xxx

Residuals 

geoidh30s1

Remaining residuals 

geoidh30s2

Reference models 

GMgeoidh30s540



30″×30″ all-element models of gravity field on geoid

Geoid (m, Global datum)

Geoid (m, Regional datum)

gravity disturbance (mGal) gravity anomaly (mGal)

disturbing gravity gradient (E) vertical deflection vector (″)



In step (3) to step (6) above, the input data file and all the parameters are 

kept the same, and only the calculation surface is changed to the terrain 

surface surfhgt30s.dat. Using the same computation process, you can 

synchronously obtain the 30″ full element models surfhgt30srst.xxx of the 

gravity field on the terrain surface.



30″×30″ full element models of gravity field on terrain surface

Height anonaly (m, Global datum)

Height anomaly (m, Regional datum)

gravity disturbance (mGal) gravity anomaly (mGal)

disturbing gravity gradient (E) vertical deflection vector (″)



Process demo of full element modelling on gravity 

field using SRBFs in normal height system

Only six steps universal in global 
land-sea area. Everyone will !

In normal height system, there is only a slight 

difference in the processing of the observed GNSS-

levelling data, and the other modelling processes 

are same with that in orthometric height system.



Simple process demo of all-element modelling on gravity filed using SRBFs in normal height system

GNSS-levelling contribution 

rate κ = 0

2~540th degree all-element grids from 

EGM2008 geopotential model

Regional 

height datum 

difference

30″ gravimetric geoidal height, gravity disturbance 

gravity anomaly, disturbing gradient and vertical 

deflection vector models on geoid

Detection of gross errors, measurement of 

regional height datum difference and GNSS-

leveling external accuracy index

All-element grid 

models of remaining 

residual gravity field

Reconstruct the heterogeneous 

observation residual file

All-element grid 

models of residual 

gravity field

The heterogeneous 

observation residual file

Calculation of gravity field elements 

from global geopotential model

The observed terrestrial, 

marine and airborne 

gravity disturbance file 
GNSS-leveling 

external accuracy 

index

30″ gravimetric geoidal height, gravity disturbance gravity anomaly, disturbing gradient and vertical deflection models on Earth surface

grid files

Detection of gross errors, 

measurement of external accuracy 

indexes, computation performance 

control and results quality assessment

All-element modelling on remaining 

residual gravity field using SRBFs

The remaining 

residual file 1

The remaining 

residual file 2

All-element modelling on gravity field 

using SRBFs from heterogeneous 

observations

The observed GNSS-

levelling height anomaly file

2~180th degree 

EGM2008 model 

geoidal height grid

The ellipsoidal 

height grid of the 

land/sea surface 
The remaining residual file 3

All-element modelling on the residual 

gravity field using SRBFs



The observed gravity disturbances (mGal) and observed GNSS-levelling height anomalies (m)



The distribution of gravity points, 2~180th degree model geoidal height and ellipsoidal height of the terrain surface



Residual GNSS-leveling 

height anomaly (m)

Residual gravity 

disturbances (mGal)

The heterogeneous 

observation residuals

The observed 

gravity 

disturbances 

The observed 

GNSS-leveling 

height anomalies 

The ellipsoidal height here at 

GNSS-leveling point is the 

observed  ellipsoidal height.

The model height anomaly (m) 

at the GNSS-levelling points

(1) Remove reference model value from all the observations and then 

construct the heterogeneous observation residual file.



(2) Detect the gross errors of the observations and then reconstruct 

the heterogeneous observation residual file.

Select the remaining 

residuals (column 5) as 

the statistical reference.



Separate the remaining residuals 

of the observed GNSS-leveling 

and observed gravity disturbance 

from rntSRBFgeoidh30s0.chs.

Reconstruct the heteroge-

neous observation residual 

file obsresiduals01.txt.



(3) Measure the regional height datum difference and GNSS-leveling 

external accuracy index.

𝟎. 𝟐𝟕𝟑𝟓m The external accuracy index (SD) 

of the 2~540th degree model height anomaly

𝟎. 𝟎𝟐𝟑𝟑 m The external accuracy index  

(SD) of GNSS-levelling

−𝟎. 𝟑𝟒𝟎𝟒 − −𝟎. 𝟎𝟎𝟔𝟗 = −𝟎. 𝟑𝟑𝟑𝟓m

The measured height datum difference 

Only using the observed gravity disturbances.



(4) All-element modelling on the residual gravity field using SRBFs

Can furtherly detect and remove the 
observation gross errors from *.chs，
and then repeat the step (4). ☻

All-element models SRBFsurfhgt30s1.xxx 

of the residual gravity field 



Input the file SRBFsurfhgt30s1.chs that 

is output from the previous step.

(5) Full element modelling on the remaining residual gravity field using SRBFs

𝟎. 𝟎𝟏𝟓𝟒𝒎 ≈ 𝟏. 𝟓 cm The accuracy 

index (SD) of height anomaly modeling.

All-element models SRBFsurfhgt30s2.xxx 

of the remaining residual gravity field 



Model ground vertical 

deflection vector (″) 

Model ground disturbing 

gravity gradient (E) 

Full element models 

surfhgt30srst.xxx

Residuals 

surfhgt30s1

Remaining residuals 

surfhgt30s2

Reference models 

GMsurfhgt30s540

(6) Restore the reference gravity field and generate the 30″ 

all-element models of the gravity field on terrain surface.



30″×30″ full element models of gravity field on terrain surface

Height anonaly (m, Global datum)

Height anomaly (m, Regional datum)

gravity disturbance (mGal) gravity anomaly (mGal)

disturbing gravity gradient (E) vertical deflection vector (″)



In step (3) to step (6) above, the input data file and all the parameter settings 

are kept the same, and only the calculation surface is changed to the geoid 

mdlgeoidh30s.dat. Using the same computation process, you can 

synchronously obtain the 30″ full element models geoidh30srst.xxx of the 

gravity field on the geoid.



30″×30″ full element models of gravity field on geoid

Geoid (m, Global datum)

Geoid (m, Regional datum)

gravity disturbance (mGal) gravity anomaly (mGal)

disturbing gravity gradient (E) vertical deflection vector (″)



① The analytical function relationships between gravity field

elements are strict, and the SRBF approach performance has

nothing to do with the observation errors.

② Various heterogeneous observations in the different altitudes,

cross-distribution, and land-sea coexisting cases can be directly

employed to model the all-element gravity field models on or

outisde the geoid without reduction, continuation and griding.

③ Can integrate very few astronomical vertical deflection or

GNSS-levelling data, and effectively absorb the edge effect.

④ Has the strong capacity in the detection of observation gross

errors, measurement of external accuracy indexes and control of

computational performance.

More innovation and application potential

need to be discovered and excavated in the

future computing practice !
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