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[Purpose] This example demonstrates a streamlined, six-step workflow for all-element
gravity field modeling based on the Spherical Radial Basis Function (SRBF) approximation
method on both the ground and the geoid. The approach directly utilizes observed gravity
disturbances (terrestrial, marine, and airborne) and GNSS-leveling height anomalies (or
geoidal heights) without employing complex schemes of terrain effects and traditional pre-
processing. This workflow aims to facilitate a rapid understanding of key aspects in spectral-
domain local SRBF modeling, including observation data analysis, computational quality
control, and gravity field reconstruction techniques.
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Expedited Workflow for All-element Gravity Field Modeling Using SRBFs

® Primary Data Sources
(1) Observed Gravity Disturbances (obsdistgrav.txt)
Format: Point |ID/Station Name, Longitude (decimal degrees), Latitude (decimal
degrees), Ellipsoidal Height (m), Observation Gravity Disturbance (mGal).
(2) GNSS-Leveling Observation Height Anomalies (0bsGNSSIksi.txt)
Format: Point ID/Station Name, Longitude (decimal degrees), Latitude (decimal
degrees), Ellipsoidal Height (m), Observation Height Anomaly or Geoidal Height (m).
Normal Height System: The "Ellipsoidal Height" attribute corresponds to the GNSS-
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derived ellipsoidal height at the GNSS-leveling site.
Orthometric Height System: The observation geoidal height represents the ellipsoidal
height of the geoid. In the file record, this value populates the "Ellipsoidal Height" field.
Note: The SRBF-based all-element modeling workflow is identical for both height
systems; only the appropriate ellipsoidal heights for the GNSS-leveling sites are required.
This example employs observation height anomalies under the Normal Height System. Both

datasets are simulated by adding noise t

0 EGM2008 model values (degrees 1 — 1800).
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The distribution of gravity points, 1~180%* degree model geoidal height and ellipsoidal height of the terrain surface

(3) Computation Surface Ellipsoidal Height Grids

For Geoidal Modeling: The computation surface is defined by the model geoidal height
grid. In this example: mdlgeoidh30s.dat.

For Ground Modeling: The computation surface is defined by the ground ellipsoidal
height grid. In this example: surfhgt30s.dat (= Land-Sea DEM DEM30s.dat + Model Geoidal
Height mdigeoidh30s.dat).

Model Derivation: Model geoidal heights and ground height anomalies are derived from



a 180-degree gravity field model (steps omitted).
Requirement: The extent of the computation surface grid must exceed the target extent
to mitigate edge effects.

® Step 1: Remove Reference Model Values and Construct Multi-source Heterogeneous
Residual Observations
Function: [Computation of Gravity Field Elements from a Global Geopotential Model].
Settings: Maximum degree = 540.
Procedure:
o Compute and remove reference gravity field values from obsdistgrav.txt and
0bsGNSSIksi.txt.
o Merge results into a Multi-source heterogeneous discrete residual observation file:
obsresidualsO.txt.
File Convention (obsresiduals0.txt):
o Columns: ID, Lon, Lat, Ellipsoidal Height (m), Residual Value, Element Type (0 — 5),
Obs Weight, Sys Weight,
o Fixed Attributes: The first five columns are fixed in position and order.
o Element Types: 0 = Residual Gravity Disturbance (mGal); 1 = Residual Height
Anomaly (m).
Critical Action: Set the System Weights for all GNSS-leveling sites in obsresidualsO.txt
to zero.

| @ tation of Global Models and Spectral Characteristic Analysis - o
| Step 1: Remove Reference Model Values and Construct Multi-source
| Heterogeneous Residual Observations

@ Computation of Gravity Field Elements +.. Computation of Model Values for Residual e Global Geopotential Coefficient Calculation and Analysis of Spectral
from a Global Geop Model €

=" Terrain (Complete Bouguer) Effects Model Calculator Characteristics of the Earth's Gravity Field

@ Open Global Geopotential Coefficient Model File| 3.+ Save computation process as
Select computation file format

& Algorithmic Formulas

>> [Function] Utilizing a global geopotential coefficient model, this module computes model values for (residual) height anomaly (m), gravity ~
Discrete computation point file ¥ anomaly (mGal), gravity (mGal), vertical vector (", south, west gravity . radial
componenl} tangential gravity gradient vector(E, north, west components), or Laplace operator (E).

* Click the [Open Global Geopotential Coefficient Model File] control button, or the [Open Geopotential Model] tool button.

j Open Space Computation Point File

Set input point file format | >> Open Global Geopotential Coefficient Model File C: X.j GM2008.gfc.
| Header Rows |1 = ** The window below only shows the geopotential ooefﬁc\en(s data with no more than 2000 rows in it.
. >>Open Space C: Point File C 5. pprwi i txt
Ellipsoidal Height Column Index 4 < Look at the file information in the window below and set the discrete point file format
Select elements to be computed wml
** Appends one or more columns of computed values to each record of the source file, formatted to 4 figures.

>> The parameter settings have been entered into the system!
J gravity anomaly (mGal) ** Click the [Start Computation] control button, or the [Start Computation) tool button.. The observed The observed
[] gravity disturbance (mGal) ** The calculation process need wait, during which you can open the output file to look at the gravity GNss.|eve|ing
" >>Computation start time: 2026-04-14 08:21:01 : = &

] vertical deflection (", SW) pus ; disturbances height anomalies

| disturbing gravity gradient (E, radial)

] tangential gravity gradient (E, NW)

| Laplace operator (E)

& sttt Computation

The heterogeneous
observation residuals

Minimum degree |1 -
Maximum degree 540

B g —
0 e

Extract elements to be plot s Plot] ID lon(degree decimal) lat ellpH(m) rent kind weight

1 102.3929 24.4944 2228.19 | 54.9765| 0 1

. ; . . . — < 2 102.3959 24.5089 2170.20 | 50.0971] 0 1

T e The ellipsoidal height here 3 102.3927 24.5296 2013.33 | 28.3652| 0 1

a9 5o ad at GNSS-leveling site is the 4 102.39 2122.50 38.3822| 0 1

| i B o¥ie e ) observed ellipsoidal height. 5 10-.Residual gravity:-71.28 20.6411) 0 1

| K L R e ¢ lodisturbafices (mGaI) D:51 o1

pre A T 8 102 3931 24.6176  1997.72 0 1

‘ fo oo . 1 o 102.3935 24.6384 1916.15 0 1

1 < s 1 102.4424 24.4717 1973.56 11

g 4 2 102.5467 24.4580  1659.69 11

ugt- - 3 102.6324 82 2120.99 11

‘ f.s ¢ o' %, 4 102.7259 2112.20 11

N 5  102.4208 1991.56 11

a0 T 6  102.5286 24.5627 1937.23 i i

7 2 ’ 72 11
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04 s 108 105° 1032 1084 the GNSS-levelling sites 9 height anomaly (m) 11 i ¥

-328 -326 -324 322 -32 -318 316 -314 312 10 LU2.3450 <d.v00d 20.60 1 1
— T

11 102.4239 24.6529 11

height anomaly (m) gravltyanomaly(mGal) 12 102.5297 24.6670 s S

® Step 2: Gross Error Detectlon via SRBF and Data Reconstruction



Function: [All-element Gravity Field Modeling Using Multi-source Heterogeneous Data
with SRBFs].
Inputs: obsresiduals0.txt and surfhgt30s.dat.
Outputs:
o Residual ground all-element grids: SRBFsurfhgt30s0.xxx (.ksi, .rga, .gra, .grr, .dft).
o Remaining residual observation file: SRBFsurfhgt30s0.chs.
Gross Error Detection Protocol:
o Extract remaining residual gravity disturbances (rntobsdistgrav0.txt) and GNSS-
leveling height anomalies (rntobsGNSSIksiO.txt) from SRBFsurfhgt30s0.chs.
o Use the remaining residual value (Column 5) as the statistical metric for outlier
detection:
» Gravity disturbances: Reject observations exceeding 50 (5 times the standard
deviation).
* GNSS-Leveling sites: Reject observations exceeding 3c.
Regenerate the cleaned heterogeneous residual observation file: obsresiduals01.txt.

w All-element Gravity Field Modeling Using Multi-source Heterogeneous Data with SRBFs o

[
|
1 Step 2: Gross Error Detection via SRBF and Data Reconstruction

>> Save the results as C/| al

, Open Multi-source Heterogeneous Residual 5_\ PPt urfhgt30s0. txt
** Record Format: Point ID, Lon, Lat, Height (m), Res. Grav. Dist. (mGal), Res. Height Anom. (m), Res. Grav. Anom. (mGal), Res. Grad. Radial (E), Res. V.D.

| # Observations File

number of rows of file header 1

Ellipsoidal Height Column Index 6

Observation Weight Column Index 7 o
System Weight Column Index '8 <

| Select SRBF  radial multipole kernel

Orderm 5

South ("), Res. V.D. West (").
>> The program also outputs Heterogeneous Observation Residual File *.chs into the current directory. Header Format: Field Element Type (0 - 5), System
Weight, Number of Observations (Group), Original Obs (Mean, StdDev, Min, Max); Residuals (Mean, StdDev, Min, Max).
** Record Format: Point ID/Station Name, Longitude, Latitude, Ellipsoidal height, Residual Value, Original Observation, Field Element Type, Observation
Weight, Observation System Weight
>> The parameter settings have been entered into the system!
** Click the [Start Computation] control button, or the [Start Computation] tool button. = =
>> Computation start time: 2026-04-14 08:39:16 GNSS-leveling System Weights =0
>> Complete the computation!

>> Computation end time: 2026-04-14 08:44:14
>> The program outputs Result All Residual Gravity Field Element Grid Files (Prefix * specs match input grid)): Residual Gravity Disturbance (*.rga), Residual
Height Anomaly (* ksi), Residual Gravity Anomaly (*.gra), Residual Disturbing Gravity Gradient (*.grr), and Residual Vertical Deflection Vector (*.dft)
>> The proaram also outputs SRBF center file "center.txt into the current directory.
>> Observation Type 0 System Weight 1.000 Number of observations 4219

** Source observations: mean 0.3186 standard deviation 42.1772 minimum -296.0915 maximum 165.2611

Minimum degree 360
Maximum degree 1800
Burial depth of
Bjerhammar sphere
Action distance
of SBRF center

Reuter network level Q 3600

10.0km
100km ** Residual observations: mean 0.1048 standard deviation 12.9208 minimum -105.2839 maximum 114.8811
>>Observation Type 1 System Weight 0.000  Number of observations 125

" Source observations: mean -0.3452 standard deviation 0.2739 minimum -0.9755 maximum  0.3702

Sitace = ** Residual observations: mean -0.3425 standard deviation 0.0784 minimum -0.7278 maximum -0.1465

=1 Open Ci
= Height grid File

Solution of normal equation LU triangularf

dis
the = remaining
residuals (column 5) as
the statistical reference.

Select

101.54

Spatial distribution of observations  spherical radial basis function spatial curve  residual gravity disturbance (mGal)

= Algorithm of gravity field approach using SRBFs.

@ After the first is itis to employ the output residual
observation file *.chs as the input residual observations file again to refine target field
elements by cumulative SRBF approximation scheme .Typically, stable and high-precision
solutions are achieved after accumulating just 1 to 2 SRBF approximation steps.

@ Validity Principles for Single SRBF Approximation: (1)The target field element grid
should remain spatially continuous and differentiable, and the standard deviation of ]
residual observations in file *.chs is as small as possible. (2) As cumulative steps
proceed, the statistical mean of the residual observations must converge toward zero
without g sign reversals.

Extract data to be plot 4 Plot —

@ Observations with zero observation weights or zero system weights can be extracted
from the *.chs file (indicating they were excluded from the SRBF coefficient estimation) to
determine and evaluate their external accuracy.

residual vertical deflection S (")

residual height anomaly (m) residual disturbing gradient (E)

® Step 3: Determination of Height Datum Discrepancy and GNSS-Leveling External Accuracy
Input: Cleaned file obsresidualsO1.txt.
Procedure: Repeat Step 2 to re-estimate residual grids (rntSRBFdatum30s.xxx) and
output the remaining residual observation file rntSRBFdatum30s.chs.
Methodological Note: Since GNSS-leveling sites’ system weights were previously set to

zero, this step effectively uses only the discrete residual gravity disturbances to evaluate the
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external accuracy of the GNSS- Ievellng height anomalies.

w All-element Gravity Field Modeling Using Multi-source Heterogeneous Data with SRBFs
Step 3: Determination of Height Datum Discrepancy and GNSS-
Leveling External Accuracy
B %pben Mulp-sour_ce Heterogeneous Residual >'>' Save the results as C.. 5_\

servations File Record Format: Point ID, Lon, Lat, Height (m), Res. Grav. Dist. (mGal), Res. HenghlAnom (m), Res. Grav. Anom (mGaI) Res. Grad. Radial (E), Res. V.D.

South ("), Res. V.D. West (%).
>> The program also outputs Heterogeneous Observation Residual File *.chs into me current dlrectory Header Formal Field Element Type (0 - 5), System
StdDov A

number of rows of file header 1

Ellipsoidal Height Column Index 6 5 Welgh! Number of Observations (Group), Original Obs (Mean, StdDev, Min, A
a * Record Format: Point ID/Station Name, Longitude, Latitude, Elllpsowdal h
Observation Weight Column Index 7 =" | Wweignt, Observation System Weight 0.2781m7'¢5 “Thie' external’ acc_:uracy index'(SD) of
System Weight Column Index |8 e The E?;aTse;; ;emngsthtavelbeer: Sotprad ko the [ssytﬂ:rp' the 1~540" degree model height anomaly
e ** Clicl e ,omputation] control button, or the tal ] 2 .
Select SRBF  radial multipole kernel >> Computation start time: 2026-04-14 09:13:19 0.0395m (5 The external accuracy index (SD) of
Orderm 3 >> Complete the computation! » H
>> Computation end time: 2026-04-14 09:17:56 GNSS Ievelllng

Minimum degree ' 240
Maximum degree 1800

>> The program outputs Result All Residual Gravity Field Element Grid Files (Prefix * specs match input grid)): Residual Gravity Disturbance (*.rga), Residual
Height Anomaly (* ksi), Residual Gravity Anomaly (*.gra), Residual Disturbing Gravity Gradient (*.grr), and Residual Vertical Deflection Vector (*.dft)
>> The program also outputs SRBF center file "center.txt into the current directory.

OLololo

Burial depth of 10.0km
Bjerhammar sphere. 10 >> Observation Type O  System Weight 1.000  Number df observations 4207
Action distanos .|| ™ Source observations: mean 0.3806 standard deviation 41.8791 minimum -296.0915 maximum 1652611
of SBRF center 100kM 2 ** Residual observations: mean -0.0704 standard deviation 12.3583 minimum -48.8610 maximum 97.1661 |
>> Observation Type 1 System Weight 0.000 Num)| rvations 107 |
Reuter network level Q 3600 - ** Source observations: mean -0.3388 standard deviation [ 0.2781 [minimum -0.9756 maximum 0.3702 |
** Residual observations: mean| -0.3063 |standard deviation| 0.0395|minimum -0.3960 maximum -0.2186 |
) pen L Surface v
Height grid File =
[solution of normal equation LU triangfilar decomposition - | J=) Save theresultsas - Import setting parameters & Start Computation ‘
. " 20 2 s rtical on (8,54
GNSS-leveling System Weights = 0 0.3063m (7 The measured

height datum discrepancy

1
1
10
1

Only using the observed gravity disturbances.

>
"‘;v‘ Algorithm of gravity field approach using SRBFs spherical radial basis function spatial curve residual gravity disturbance (mGal) ‘

@ Ater the first is itis to employ the output residual
observation file *.chs as the input residual observations file again to refine target field
elements by cumulative SRBF approximation scheme .Typically, stable and high-precision
solutions are achieved after accumulating just 1 to 2 SRBF approximation steps.

@ Validity Principles for Single SRBF Approximation: (1)The target field element grid
should remain spatially continuous and differentiable, and the standard deviation of
residual observations in file *.chs is as small as possible. (2) As cumulative steps
proceed, the statistical mean of the residual observations must converge toward zero
without g sign reversals.

fett. szt

Extract data to be plot s Plot —

@ Observations with zero observation weights or zero system weights can be extracted
from the *.chs file (indicating they were excluded for the SRBF coefficient estimation) to
determine and evaluate their external accuracy.

residual height anomaly (m) residual disturbing gradient (E) residual vertical deflection S (") ‘

Table 4.35: Statistics of Residual Observations before and after Gross Error Detection/Elimination
(SRBF Approximation)

Data Type Stage Count Mean Std. Dev. Min Max

Original
Residuals

Gravity Post-
Disturbance| Rejection 4215 0.2695 42.0737 | -296.0915 | 165.2611
(mGal) Residuals

4219 0.3186 421772 | -296.0915 | 165.2611

Remaining

) 4215 -0.5677 13.8957 -80.4161 | 64.8276
Residuals

Original

GNSS- residuals 125 -0.3452 0.2739 -0.9755 0.3702

Le\_/ellng Residuals 1

Height . 123 |-0.3404®| 02735 | -0.9755 | 0.3702
without error

Anomaly

(m) Remaining | 153 | 40069@ | 0.0233® | -0.1295 | 0.0528

residuals

Regional Height Datum Discrepancy: The statistical mean of the GNSS-leveling residual
height anomalies (-0.3404 m marked as ™) represents the determined discrepancy between
the regional height datum and the global height datum (gravimetric geoid). This illustrates the
SRBF method for datum unification.



GNSS-Leveling External Accuracy Index: The standard deviation of the remaining
residuals (e.g., 0.0233 m marked as ©), corresponding to 2.33 cm) serves as the external
accuracy index. This indicates that the external accuracy of the GNSS-leveling data is no
worse than this standard deviation value.

Standard Practice: Typically, one iterates the SRBF approximation 1 — 2 more times
using the *.chs file to minimize the standard deviation of remaining residuals, establishing
the final accuracy index.

Critical Action:

o Remove the determined regional height datum discrepancy (e.g., -0.3404 m) from
the observation GNSS-leveling residual height anomalies.
o Restore the System Weights for GNSS-leveling sites.
o Regenerate the final heterogeneous residual observation file: obsresidualsl.txt.
® Step 4: Computation of Residual Ground All-Element Gravity Field Models via SRBF
Approximation

Function: [All-element Gravity Field Modeling Using Multi-source Heterogeneous Data
with SRBFs].

Inputs:

o Multi-source heterogeneous residual observation file: obsresiduals1l.txt.
o Ground ellipsoidal height grid: surfhgt30s.dat.

| s All-element Gravity Field Modeling Using Multi-source Heterogeneous Data with SRBFs o X

Step 4: Computation of Residual Ground All-Element Gravity Field Model via SRBF Approximation

, Open Multi-source Heterogeneous Residual >> Save the results as C. 5, fhgt30s1.txt.

|
) apprwitt s
‘ Observations File ** Record Format: Point ID, Lon, Lat, Height (m), Res. Grav. Dist. (mGal), Res. Height Anom. (m), Res. Grav. Anom. (mGal), Res. Grad. Radial (E), Res. V.D.
| - | South ("), Res. V.D. West (*).
number of rows of file header |1 = >>The program also outputs Heterogeneous Observation Residual File *.chs into the current directory. Header Format: Field Element Type (0 — 5), System
Ellipsoidal Height Column Index 6 * | Weight, Number of Observations (Group), Original Obs (Mean, StdDev, Min, Max); Residuals (Mean, StdDev, Min, Max).

** Record Format: Point ID/Station Name, Longitude, Latitude, Ellipsoidal height, Residual Value, Original Observation, Field Element Type, Observation

| Observation Weight Column Index 7 > Weight, Observation System Weight
| System Weight Column Index 8 < >> The parameter settings have been entered into the system!
| ** Click the [Start Computation] control button, or the [Start Computation] tool button.
Select SRBF. | radial multipolo kemel >> Computation start time: 2026-04-14 10:07:25 ‘
Orderm 3 2 >> Complete the computation!
Mi d = | | >> Computation end time: 2026-04-14 10:12:15
inimum degree | 240 ~ | | >> The program outputs Result All Residual Gravity Field Element Grid Files (Prefix * specs match input grid)): Residual Gravity Disturbance (*.rga), Residual
| Maximum degree 1800 2 | Height Anomaly (* ksi), Residual Gravity Anomaly (*.gra), Residual Disturbing Gravity Gradient (*.grr), and Residual Vertical Deflection Vector (*.dft)
Burial depth of L - - | .>>The program also outputs SRBF center file "center.txt into the current directory.
Bjerhammar sphere - | [>>Observation Type 0  System Weight 1.000  Number of observations 4207
ASHOR Histarea || = Source observations: mean 0.3806 standard deviation 41.8791 minimum -296.0915 maximum 165.2611
of SBRE center. | 00km 2 ** Residual observations: mean -0.2127 standard deviation 12.9909 minimum -52.5778 maximum 97.1661
.| | >> Observation Type 1 System Weight 1.000 Number of observations 107
Reuter network level Q 3600 : ** Source observahonsslﬁ -0.0325 standard deviation 0.2781|minimum -0.6692 maximum 0.6765
** Residual observations{ mean -0.0001_standard deviation 0.0104] minimum__-0.0289 0.0223
Height grid File ,
[Solunon of normal equation LU triangular decomposition - I }=) save the results as # Import setting parameters & Start Computation

1D lon lat ight an m) ity anomaly(mGal),gravity gradient(E) vertical deflection(s,}

Restore the System Weights
for GNSS-leveling sites.

Can furtherly detect and remove the
observation ‘gross errors from *.chs,
and then repeat the step 4. v

|

O C lion Surf: ipsoie }
) Open urface v

|

|

|

<

{3 Algorithm of gravity field approach using SRBFs spherical radial basis function spatial curve  residual gravity disturbance (mGal)

@ After the first is itis to employ the output residual
observation file *.chs as the input residual observations file again to refine target field
elements by cumulative SRBF approximation scheme .Typically, stable and high-precision

solutions are achieved after accumulating just 1 to 2 SRBF approximation steps. ¢
@ Validity Principles for Single SRBF Approximation: (1)The target field element grid All-element models SRBFsurfhgt3051_xxx of *
should remain spatially continuous and differentiable, and the standard deviation of . - - -
residual observations in file *.chs is as small as possible. (2) As cumulative steps the residual graVIty fIEId
proceed, the statistical mean of the residual observations must converge toward zero - - 7
without exhibiting sign reversals. S
e .\rr_ s_g\.‘ e [
. Extract data to be plot % Plot — .. L = —
—
- - ‘~‘ 2
T ot
@ Observations with zero observation weights or zero system weights can be extracted i R e T— . S
from the *.chs file (indicating they were excluded for the SRBF coefficient estimation) to e —
determine and evaluate their external accuracy. residual height anomaly (m) residual disturbing gradient (E) residual vertical deflection S (")
Procedure:

o Estimate the residual ground all-element gravity field grids: SRBFsurfhgt30s1.xxx.
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o Output the remaining residual observation file: SRBFsurfhgt30s1.chs.

Quality Control (QC):
o The .chs file can be utilized for further gross error detection using the 5o criterion
for gravity disturbances and the 3o criterion for GNSS-leveling sites.
o Upon outlier rejection, the workflow should restart from Step 3. This iterative
refinement is omitted in the current example.

® Step 5: Cumulative SRBF Approximation using Remaining Residuals
Function: [All-element Gravity Field Modeling Using Multi-source Heterogeneous Data
with SRBFs].

Inputs:
o Remaining residual observation file: SRBFsurfhgt30s1.chs.
o Ground ellipsoidal height grid: surfhgt30s.dat.

Procedure:
o Estimate the higher-order remaining residual ground all-element gravity field grids:

SRBFsurfhgt30s2.xxx.
o Output the updated remaining residual observation file: SRBFsurfhgt30s2.chs.

w All-element Gravity Field Modeling Using Multi-source Heterogeneous Data with SRBFs

Step 5: Cumulative SRBF Approximation using Remaining Residuals

3 Open Multi-source Heterogeneous Residual | _South (%), Res. V.D. West (*).

Observations File >> The program also outputs Heterogeneous Observation Residual File *.chs into the current directory. Header Format: Field Element Type (0 — 5), System
Weight, Number of Observations (Group), Original Obs (Mean, StdDev, Min, Max); Residuals (Mean, StdDev, Min, Max).

** Record Format: Point ID/Station Name, Longitude, Latitude, Ellipsoidal height, Residual Value, Original Observation, Field Element Type, Observation
Weight, Observation System Weight
>> Open Computation Surface ellipscidal Height grid File C: 5. pp! 0s.dat
>> The burial depth is required to be ho greater than 1/5 of the SRBF center action distance and no less than 1/20!
>> The parameter settings have beer entered into the system! 1

* Click the [Start Computation] contiol button, or the [Start Computation] tod Input the file SRBFsurfhgt30s1.chs that is
>> Ci start time: 2026-04-14-10:19:56
>> Complete the computation! \ output from the previous step.
>> Computation end time: 2026-04-14 10:24:07 g
>> The program outputs Result All Residual Gravity Field Element Grid Files (Prefix * specs match input grid)): Residual Gravity Disturbance (*.rga), Residual
Height Anomaly (*.ksi), Residual Gravity Anomaly (*.gra), Residual Disturbing Gravity Gradient (*.grr), and Residual Vertical Deflection Vector (*.dft)
>> The program also outputs SRBF center file "center.txt into the current directol

number of rows of file header 2
Ellipsoidal Height Column Index 7
Observation Weight Column Index 8
System Weight Column Index 9

Select SRBF  Poisson wavelet kernel

Orderm 3
Minimum degree 540
Maximum degree 5400
Burial depth of
Bjerhammar sphere
Action distance
of SBRF center

Gololo <

6.0km

>> Observation Type 0 System Weight  1.000 Number of observations 4207

** Source observations: mean -0.2127 standard deviation 12.9909 minimum -52.5778 maximum 97.1661
** Residual observations: mean 0.0275 standard deviation 8.2176 minimum -37.5506 maximum 58.9054
>>Observation Type 1 System Weight 1.000  Number of observations 107

Reuter network level @ 5400 - || = Source observations: mean -0.0001 standard deviation 00104 minimum -00289 maximum  0.0223

o

60km

0.0072

" Residual observations: mean 0.0000 standard

Surface ell

(3, OpenC
Height grid File - = =
s Solution of normal equation LU triangular decomposition - F=) Save the results as # Import setting parameters & Start Computation
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Table 4.36: Statistical Comparison of Residuals Before and after Cumulative SRBF Approximations

Data Type Stage Mean | Std. Dev. Min Max
Residual gravity Initial Residuals | 0.2695| 42.0737| -296.0915| 165.2611
disturbance After 1st SRBF | 0.0620| 12.9866 -80.4161 64.8276




(mGal) After 2nd SRBF | 0.1309 8.5135 -50.6030 57.3920
Residual GNSS- Initial Residuals | -0.0071 0.2768 -0.6571 0.6846
levelling height After 1st SRBF | -0.0014 0.0291 -0.1886 0.0595
anomaly (m) After 2nd SRBF | -0.0013| 0.0154®|  -0.0708|  0.0315

Accuracy Metric: The value 0.0154 m ¥ = 1,54 cm cited in the analysis serves as the
accuracy index for gravity disturbance-derived ground height anomaly modeling.
Quality Control (QC) Measures:
o Gross error detection (50 for gravity disturbances, 3o for GNSS-leveling sites) can
be repeated using SRBFsurfhgt30s2.chs, necessitating a restart from Step 3 if outliers
are found (omitted here).
o If result quality is insufficient, further cumulative approximations may be performed.
This is also omitted for brevity.
® Step 6: Restoration of Reference Field Values to Generate Final Ground All-Element Models
Function: [Computation of Gravity Field Elements from a Global Geopotential Model].
Settings: Maximum degree = 540.
Input: Ground ellipsoidal height grid (edge-effect corrected): surfhgt30srst.dat.
Procedure: Compute the 540-degree reference gravity field element grids:
GMsurfhgt30s540.ksi  (Height Anomaly), GMsurfhgt30s540.rga (Gravity Disturbance),
GMsurfhgt30s540.gra (Gravity Anomaly), GMsurfhgts540.grr (Disturbing Gravity Gradient),
and GMsurfhgt30s540.dft (Vertical Deflection).
Final Model Synthesis: Sum the following three components (after trimming edges from
SRBF grids):
o 1st SRBF Residuals: surfhgt30s1.xxx (derived from SRBFsurfhgt30s0.xxx).
o 2nd SRBF Remaining Residuals: surfhgt30s2.xxx (derived from
SRBFsurfhgt30s1.xxx).
o 540-degree Reference Field: GMsurfhgt30s540.xxx.
Output Products: The final ground all-element gravity field model grids (30"x30"
resolution) are generated, comprising:
o Ground Height Anomaly: surfhgt30srst.ksi
o Ground Gravity Disturbance: surthgt30srst.rga
o Ground Gravity Anomaly: surfhgt30srst.gra
o Ground Disturbing Gravity Gradient: surfhgt30srst.grr
o Ground Vertical Deflection Vector: surfhgt30srst.dft
o Regional Datum Application: Add the determined regional height datum discrepancy
(-0.3063 m) to surfhgt30srst.ksi to obtain the ground height anomaly grid referenced
to the regional height datum: surfhgt30srgn.ksi.
Completion: The ground all-element gravity field modeling is now complete, yielding
ground 30"x30" all-element grid models.
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Generation of the Geoidal Model

By switching the computation surface to the geoid, the 30"x30" all-element gravity field
model on the geoid can be directly generated.

Workflow: In Steps 3 through 6, maintain all input data files and parameter settings



unchanged. Only replace the computation surface with the model geoidal height grid (e.g.,
mdlgeoidh30s.dat).
Synchronous Outputs: Following the identical workflow above yields the geoidal all-

element model geoidh30srst.xxx, including:

o Geoidal Height: geoidh30srst.ksi

o Gravity Disturbance: geoidh30srst.rga

o Gravity Anomaly: geoidh30srst.gra

o Disturbing Gravity Gradient: geoidh30srst.grr

o Vertical Deflection Vector: geoidh30srst.dft

o Gravimetric Geoid (Regional Datum): geoidh30srgn.ksi

In Steps 3 through 6, maintain all input data files and parameter settings unchanged. Switching computation
surface to geoid, 30" x30" all-element gravity field models on the geoid can be directly generated.
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® Technical Features of the SRBF Gravity Field Approximation Program

e Rigorous Analytical Relationships: Strict analytical mathematical relationships exist
between observation elements, target elements, and among the elements themselves. The
algorithm's performance remains robust regardless of the error distribution characteristics
within the observation data.

e One-Step Analytical Fusion of Heterogeneous Data: Capable of fusing multiple types of
heterogeneous gravity observations (varying heights, cross-distributed, land-sea
coexistence) in a single analytical step. No preprocessing such as reduction, continuation, or
gridding is required.

e Unified Modeling Framework: Enables synchronous analytical modeling of the geoid
and all external gravity field elements. Effectively integrates sparse data sources, such as
astronomical vertical deflections and GNSS-leveling observations.

e Robust Quality Control: Possesses advanced capabilities for gross error detection in
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gravity observations, precise determination of external accuracy indices and height datum
discrepancies, and rigorous control over computational performance.
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