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

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

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

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

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



Only six steps universal in global
land-sea area. Everyone will !
Process demo of full element modelling on gravity

field using SRBFs in orthometric height system

e L. {1}

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.

¥



Detection of gross errors, measurement of GNSS-levelling contribution Calculation of gravity field elements

regional height datum difference and GNSS- ratek=0 from global geopotential model
leveling external accuracy index <
l l The observed terrestrial,
The remaining The heterogeneous ma_rtln%_ar:d aglrbornfgl
Regional GNSS-leveling ~ {——==~- residual file 1 observation residual file gravity disturbance tile
height datum external accuracy
difference iIndex The observed GNSS-
_ L levelling geoidal height file
} » All-element modelling on gravity field

using SRBFs from heterogeneous

Reconstruct the heterogeneous

observations 2~180" degree

|
|
|
|
|
|
|
|
!
|
| . . I
observation residual file | EGM2008 model
| c . .
i >  All-element modelling on remaining  |le——o0 geoidal height grid
L N residual gravity field using SRBFs
All-element modelling on the residual ] ‘ The ellipsoidal
gravity field using SRBFs ! 1 height grid of the
| .
I All-element grid The remaining residual file 3 land/sea surface
! models of remaining
. ! residual gravity field 1
el . The remaining :
mA(\)d-eelser(T)]fernets?crllual residual file 2 A +| Detection of gross errors, measurement
gravity field > of external accuracy indexes,
computation performance control and

results quality assessment

30" gravimetric geoidal height, gravity disturbance d il
gravity anomaly, disturbing gradient and vertical gri +' o <
deflection vector models on geoid

2~540t degree all- element grids from

C EGM2008 geopotential model

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

Simple process demo of All-element modelling on gravity filed using SRBFs in orthometric height system
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The observed gravity disturbances (mGal) and observed GNSS-levelling geoidal heights (m)



1015 0z s 103" 03,5 104
T T T T T T

100" 1. 5"

ro I 2 B

The distribution of gravity points, 2~180™" degree model geoidal height and ellipsoidal height of the terrain surface
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construct the heterogeneous observation residual file.

* Calculation of gravity field elements
from global geopotential model

ﬁ Open global geopotential coefficient model file

Select calculation file format

Discrete calculation points file

Set input point file format

‘ Number of rows of file header

. Column ordinal number of ellipsoidal

height in the record

' _g;-, Open space calculation points file

s, Calculation of model value for residual
" terrain (complete Bouguer) effects L

4.7 Save computation process as

a Global geopotential coefficient
model Calculator

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

Calculation and analysis of spectral
character of Earth's gravity f'e'OPremse Approach of Earth

** The window below only shows the geopotential coefficients data with ho more than 2000 rows in it.

¥ |I>> Open space calculation points file C:/PAGravi4.5_wint4en/examples/Gravimdlexercise/SRBFapprgeoidexercise/

obsGNSSIgeoidh. txt.
** Look at the file information in the window below and set the discrete point file format...

1

= obsGNSSIgeoidh GM540.txt.

>> Save the results as C:KIE’AGravf4.5_win64enfexamp|es/('3ravfmdIexercisez’SRBFapprgeoidexercisef

Select elements to be calculated

‘|~ height anomaly (m)

- ] gravity anomaly (mGal)

- L] gravity disturbance (mGal)

[ ] vertical deflection (", SW)

[] disturbing gravity gradient (E, radial)

' ] tangential gravity gradient (E, NW)

>
>>» Co

>> The parameter settings have been entered into the system!
** Click the [Start Computation] control button, or the [Start Computation] tool button...
** The calculation process need wait, during which you can open the output file to look at the calc
>> Computation start time: 2023-03-21 09:46:33

omplete the calculation of the model value of (residual) gravity field element!

utation end time: 2023-03-21 09:47:17

** Behind the record of the calculation point file, appends one or more columns of model values of anomalous field
< | elements, and keeps 4 significant figures.

Gravity Field and Geoid

- Algorithmic Formula®
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The observed
gravity
disturbances

v

The observed
GNSS-leveling
geoidal heights

= Sawults as

'?:,- Import setting parameters

& Start Computation

&

1

WO 00 =] Ul b DD

ID lon (degree dec
102.
102.
102.
102.
102.
102.
102.
102.
102.

4424
54¢7
6324
7259
4208
5286
6344
7258
8326

24.
24.
24.
24,
24.
24,
24.
24.
24.

al) lat ellpH(m) ksi (m)

1973.56 | -32.

4 .69 | —-32.
4582 -32.
4605 -32.

5663 1991.56N -32.
5627 1937.23 | -32.
5656 2193.72 | -32.
5819 2304.57 | -32.
5755 1978.11 | -32.

7581
9577
5792
3917
6038
5636
3822
2197
5408

-32

-32.
-32.
-32.
-32.
-32.
-32.
-32.
-32.

.6525

5340
4433
3324
5734
4239
3128
2069
0934

Al

The

heterogeneous
observation residuals

—_—

B rntSRBFgeoidh30s0. c

s kd B obsresiduals0. txtﬂl

] Laplace operator (E)
Minimum degree 2 -
Maximum degree |540 ~
Extract elements to be plot = Plot]
1024 it 1025 10 ik 103.4
25 6 | I 1 | | | 1 ] 25 &
3541 . 254
L s . 2z
v - daw
s 248"
uer L, {2058
I -t i ¥ ¥ = 7]
| M 1 I | 1 ] 1 =
' Ny Ty L8 iy ks 5.4

-3Z8 -3x45 -314 -31.1
I

.32_

S1E -3146 -3l4

=312

The ellipsoidal height here at
GNSS-leveling point is the
observed or model geoidal
not the observed

height
ellipsoidal height.

-

The model geoidal height (m) at

the GNSS:levelling potnts

gravity anomaly (mGal)

s equal, the program calculates the contribution of the degree n geopo

whnicn can pe empioyed 10 anaiyze ana evaiuate tne spectral and space properties of the geopotential coefficient model.

1 ID lon(degree decimal) lat ellpH(m) rent kind weight
2 1 102.3929 24,4944 2228.19 54,9765 0 1
3 2 102.3959 24.5089 2170.20 50.0971] 0 1
4 3 102.3%927 24.529%90 2013.33 28.3652| 0 1
5 4 102. : ] ) 38.3822 0 1
6 5 102.39cResildyalgravity; s 20.6411| 0 1
7 6 102.3¢psturbarvces (nrGalyL 15.5784| 0 1
8 7 102.3952 Z4.0U30 1965.58 14.5045| 0 1
9 8 102.3931 24.0178 1997.72 14.9731| 0 1
10 9 102.3935 24.6384 1916.15 7.4068] 0 1
4221 1 102.4424 24.4717 -32.6525 -0.105¢}) 1 1
42272 2 102.5467 24.4580 -32.5340 -0.4237) 1 1
4223 3 102.6324 24.4582 -32.4433 -0.1359) 1 1
4224 4 102.7259 24.4605 -32.3324 -0.0593) 1 1
4225 5 102.4208 24.56063 -32.5734 -0.0304) 1 1
4226 6 102.5286 24.5627 -32.4239 -0.1397) 1 1
4227 T -0.0694 ) 1 1
iooe o Residual GNSS-leveling o o1sl 11
4229 9 geoidal height{m) —0.4474| 1 1
4230 10 102.3455 24.6689 -32.60394 -0.2903) 1 1
4231 11 102.4239 24.6529 -32.4801 -0.0740) 1 1
4232 12 102.5297 24.6670 -32.3057 -0.2186) 1 1




s All-element modelling on gravity field using SRBFs from heterogeneous observations 0

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

the-heterogeneous-observation residual-file.

. Open the discrete heterogeneous

= residual observations file

number of rows of file header 1

column ordinal number of ellipsoidal

height in the record
column ordinal number of weight 7

Select SRBF radial multipole kernel

Orderm 5

Minimum degree 360

Maximum degree 1800

A P[] 4] M[|[4] P

Burial depth of 10.0km

1

of file header, whose format: observation type (0~5), source observation mean, standard deviation, minimum, maximum, residual observation mean,
standard deviation, minimum, maximum. The record format: ID, longitude, latitude, ellipsoidal height, residual observation,_sowrce observation. observation
type, weight. Precise Approach of Earth
>> The parameter settings have been entered into the system! Gravitv Field and Geoid
** Click the [Start Computation] control button, or the [Start Computation] tool button... -y o
>> Computation start time: 2024-09-28 18:03:50 PAGravf4.5

>> Complete the computation! &
>> Computation end time: 2024-09-28 18:10:25 (Casm)

>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity disturbance “rga ( mG’a&??’.’f’és&duai _
height anomaly *.ksi (m), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and residuSPsssfqadeqyof SHrveyiag & Mapping
* dft (", SW), where * is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calcu/26i9ve ##24Beling, China

>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center number, cell grid &
number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval ('). The record format: |D, iengiiude (degree
decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').

Bjernammar sphere
Action distance

of SBRF center 100km

Repter network level K 3600

Select the adjustable

observations
Contribution rate kK of

adjustable observations

height anomaly (m)

0.00

71 Open the ellipsoidal height grid file

= of calculation surface

= Algorithm of gravity field approach using SRBFs

>> Type 0 of source observations: mean 0.3186 standard deviation 42.1772 minimum -296.0915 maximum 165.2611
yp
b Residual observations: mean 0.7368 standard deviation 16.9838 minimum -105.2839 maximum 114.8811
>> Type 1 of source observations: mean -0.3510 standard deviation 0.2774 minimum -0.9982 maximum 0.3435
** Residual observations: mean -0.0410 standard deviation 0.0287 minimum -0.1943 maximum 0.0132
Solution of normal equation LU B rntSRBForth30s0. chs:‘.'!|
1 | 0 0.3186 42 .1772 —296.0915 165.2611 residuals: 0.7368 16.9838 -105.2839 114.8811
ID lon lat ellipbshat rd 2 1 —-0.3510 0.2774 —0.9982 0.3435 residuals: —-0.0410 0.0287 —0.1943 0.0132
b g gr4 3 1 102.39290 24.49440 2228.190 16.4199 54.9765 0 1.000
1 101.50417 24.Q0 4 2 102.39590 24.50890 2170.200 -4.7688 50,0971 0 1.000
2 101.51250 24.( 5 3 102.39270 24.52960 2013.330 -18.3876 : .
3 101.52083 24 .10 o 4 102.3%660 24.54530 2122.500 1.0011 E SeIeCt the remalnlng
7 5 102.39690 24.563c0 1971.280 —0.0346 y [
4 101.52917  24.Qp o 6 102.39380 24.58130  1940.310 -12.0941 : I’ES|dua|S (COIUI"nn 5) as
2 18122222 gzg 9 7 102.39520 24.60360 1965.580 12.1550 ] . {
- . 8 . 10 8 102.39310 24.61780 1997.720 20.5312 :
— 11 9 102.39350 24.63840 1916.150 3.5948 the StatIStlcaI reference ]

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

e 1 iy L Lk 1L b3 ey LT lpar 1

O After the first estimation is completed, it is recommended to employ the output 3 a v 'li .“ i

residual observation file *.chs as the input observation file again to refine target field - "' - ol
elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative ; - - = . A
| SRBF approach, and the target field elements are qual to the sum of these SRBF -
approach solutions. _ ‘o =

@ The validity principle of once SRBF approach: (1) The residual target field S ' ’ s

element grid are continuous and differentiable, and whose standard deviation is as "L B

small as possible. (2) The statistical mean of residuals tends to zero with the T mr o ow mrowe ¥

increase of cumulative approach times, and there is no obvious reverse sign. e

Extract data to be plot

| @ The program is a high performance and adaptable modelling tool on local gravity
' field. Various observations with heterogeneity, different altitudes, cross-distribution
and land-sea coexisting can be directly employed to estimate the all-element models
i of gravity field without reduction, continuation and gridding.
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@ The program has strong capacity on the detection of observation gross errors, |
| measurement of external accuracy indexes and control of computation performance.

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




Separate the remaining residuals
of the observed GNSS-leveling and

observed gravity

from rntSRBFgeoidh30s0.chs.

disturbances

@ Gross error detection and basis function gridding of discrete field elements — O X

Y- O

Openfile Save as Import parameters

» &7 £
Start Computation  Save process  Follow example /

I:EI Gross error detection on observations
based on low-pass reference surface o

Gridding of heterogeneous data by basiisi.)
function weighted mterpo\at\on

—_ Estimation of observation weight
with specified reference attribute

_._:'; The discrete point file to be detect

4r

Number of rows of file header ‘ 1

Column ordinal number of
the attribute to be detect

4 r

‘Beyond multiples of the \
standard deviation n

4r

3.0

uﬂ Open low-pass reference surface grid file

=) Save the results as

Precise Appraoachof Earth.. -

>> [Function] Select the low-pass grid as the reference surface, interpolaie the refer EadEaAIE trﬁtﬁideaﬂduﬁaﬂldthe |
discrete point, and then detect and separate the gross error records according o the stahsﬂcalsﬁﬁ s of th?d fewsnces between
the specified attribute value and reference value. rav

** The reference surface can be constructed from discrete data by simple gridding and then low-pass ﬂltermg and can also be the
specified attribute grid constructed by weighted basis function gridding. > /
>> Open the discrete geodetic file C:/PAGravf4.5_win64en/examples/Gravfmdlexercise/ SRBFapprgem
rntobsGNSSIgeoidhO txt.

Agise/
Chinese Academy. ofSurveymg & Mapplng

** Look at the file information in the window below and set the discrete point file format. . Beii m
>> Open low-pass reference surface grid file C:/PAGravf4.5 W|n64enlexamplestranmdIexem\se él%%%éppr e exermse zero.dat.
>> Save the results as C:/PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprgecidexercise/ mtobsGNSSIgemdhOnoerr.txt.
>> Save no gross error results as C:/PAGravi4.5_winB4en/examples/Gravimdlexercise/SRBFapprgeoidexercise/
rntobsGNSSIgeoidhOerror.txt.

@ Gross error detection and basis function gridding of discrete field elements

2 R ¥

Openfile Save as Import parameters

v

Start Computation

ywm Gross error detection on observations

&z

Save process

—_ Estimation of observation weight

-

Follow example

« .+ Gridding of heterogeneous data by basis

D the system!
I the [Start Computation] tool button...

- O X

e based on low-pass reference surface =~ with specified reference attribute * function weighted interpolation Extract plot data = Plot|
_._:'; The discrete point file to be detect 4.1 Save computation process as ol L i . Ll mffm_ el il e e b i m?fm_
Number of rows of file header ‘ 1 2 >> [Function] Select the low-pass grid as the reference surface, interpolate the reference value of the specified attribute value at the »
i ; ; ot ; i Lt =4 258
Gl ardE ) A aT _ discrete pomt, aqd then detect and separate the gross error records according to the statistical properties of the differences between ) | i )
; ‘5 ~ the specified attribute value and reference value.
the attribute to be detect - . i - . . s @apr o EEE
: S The reference surface can be constructed from discrete data by simple gridding and then low-pass filtering, and can also be the
Beyond multiples of the \ ‘ \ - . . ) . ; : e . -
standard deviation n 5.0 - specified attnbyte grid constr_ucted by weighted baS|_5 function gridding. . . . : . P . - N s S .
-\ >> Open the discrete geodetic file C:/PAGravf4.5_win64en/examples/Gravfmdlexercise/SRBFapprgeoidexercise/rntobsdistgrav0.txt. S e .. e .
uﬂ Open low-pass reference surface gad file ** Look at the file information in the window below and set the discrete point file format... ot e S . - ' L[
>> Open low-pass reference surface grid file C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/ o T ) i . - & = 0
zero.dat. A e el . = P @ e
>> Save the results as C:/PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/rntobsdistgravOnoerr.txt. . i T B .
>> Save no gross error results as C:/PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/ S— L - 1= . AL L. L L - 1o .
k=) Save the results as rntobsdistgravOerror. txt. ':: ’“L meq mrﬂ i e w ’mﬁm ’f; M:m . m: i
- >> The parameter settings have been entered into the system! — T — . . D —
=] Save gross error as ** Click the [Start Computation] control button, or the [Start Computation] tool button... i _ . .
- >\ Computation start time: 2023-03-21 14:48:43 ce observations input Observations without grass error
£~ Import setting parameters >> Somplete computation!
# Start Computation >> Computation end time: 2023-03-21 14:48:43 y
\
0.6881 16.6838 -30.6303 74.3694\ Extract plot data “a Plot|
2158  101.98720 26.38060  1860.000 97.166l 97.1661
16069  103.17160 26.38130  1721.800 | -105.2839| -105.2839 - _ - - - o - o i -
16573  102.74440 26.38830  2340.000 114.8811 114.8811 - 1 1 T o T - T T Ep— I
19786  104.19500 24.,64660  1799.700 101.491¢ 101.491¢6 i s - .l ReconStrUCt the heterogeneous
xr - a o W , ) - b F . - .
el observation residual file
= : : L Tl i -
ash waid Ll Cgms e S AT R =5 obsresiduals01.txt.
R e 1450 PR B R
= -y e ';‘3.‘;.-‘1 M AT i
- i . " = ol
[ h C R e, s
M ' ] jo¥a 80 31 S A YT P I e i L .5
Fa . L S - i Y ot I..-."‘:. ]
™ > . W L Ay W -
| 1 L% e gy o b o 1 Fr 1“" ) ':1’ | IR T Al BT I 23"
jLhxg L L4 Lk 1M e mas LS (Licky 167
-Ind ] 5] 50 Ei1] =M} L] =41 20 ] 20 4} L]
N — ] - - ]

Source observations input

Observations without grass error
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s All-element modelling on gravity field using SRBFs f

rom heterogeneous observations = O X

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

external accuracy-in

— Open the discrete heterogene
- residual observations file

number of rows of file header 1

dex.

ous

column ordinal number of ellipsoidal

height in the record
column ordinal number of weight 7

Select SRBF

radial multipole kernel

<

Orderm 3

Minimum degree 240

Maximum degree 1800

A P[] 4] M[|[4] P

Burial depth of 10.0km

1

Bjernammar sphere
Action distance

of SBRF center 100km

Repter network level K 3600

of file header, whose format: observation type (0~5), source observation med
standard deviation, minimum, maximum. The record format: ID, longitude, la
type, weight.
>> The parameter settings have been entered into the system!

** Click the [Start Computation] control button, or the [Start Computation] to
>> Computation start time: 2024-09-28 18:24:31

0:-2768m -The ocexternal-aceuracysindex
(SD) of the 2~540t" degree model geoid

0.0243m The external accuracy index
>> Complete the computation!

| _ (SD) of GNSS-levelling
>> Computation end time: 2024-09-28 18:29:19

>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravityjdisturbance *.rga (mGal), residual
height anomaly *.ksi (m), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and residual vertical deflection vector
*.dft (", SW), where * is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calculation surface.
>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid|level, SRBF center number, cell grid
number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval ('). The record format: ID, longitude (degree
decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle d|rection (').
>> Type O of source observations: mean 0.2695 standard deviation 42.0737 minimum -296.0915 maximum 1655|2611

b Residual observations: mean__-0.5621 standard deviation_13.7996 minimum -80.4161 maximum 64.8276
>> Type 1 of source observations: mean | -0.3482 sfandard deviation| 0.2768 minimum -0.9982 maximum 0.3435

** Residual observations: meap -0.0070 |standard deyiatian 0.0243| minimum -0.1327 maximum  0.0561

Select the adjustable

observations
Contribution rate kK of

adjustable observations

height anomaly (m)

0.00

2

of calculation surface

Only using the observed gravity disturbances.

= Algorithm of gravity field approach using SRBFs

Open the ellipsoidal height grid file

Solution of normal equation LU triangular decomposition - ﬂ Save the results as g Import setting parameters @ Start Computation

ID lon lat ellipshgt gravity disturbance (mGal) heigRit anomaly(m) gravity anomaly(mGal),gravity gradient(E) vertical deflecti:
1 101.50417 24.00417 -35.528 -28.0425 -0.4155 -27.9147 -15.9774 9.2237 4.0106
2 101.51250 24.00417 -35.519 -36.6655 -0.4692 2o LoD =2l _Goloz3 1o _oodn ERCYA o]
3 101.52083 24.00417 -35.510 -43.9560 -0.5174 —
4 101.52917 24.00417 -35.501 -52.5841 —0.5707,)] —=0.3482 — (_O- 0070) =.=0.3412m
5 101.53750 24,.00417 -35.401 -62.9602 -0.6299 : .
3eaml es3mis 0 es00 The measured height datum difference

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

|.l:||.£~' I biTE bEs s T

@ After the first estimation is completed, it is recommended to employ the output
residual observation file *.chs as the input observation file again to refine target field
elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative

i SRBF approach, and the target field elements are qual to the sum of these SRBF
| approach solutions.

@ The validity principle of once SRBF approach: (1) The residual target field

element grid are continuous and differentiable, and whose standard deviation is as

small as possible. (2) The statistical mean of residuals tends to zero with the
increase of cumulative approach times, and there is no obvious reverse sign.

Extract data to be plot = Plot —

@ The program is a high performance and adaptable modelling tool on local gravity
field. Various observations with heterogeneity, different altitudes, cross-distribution
and land-sea coexisting can be directly employed to estimate the all-element models
of gravity field without reduction, continuation and gridding.

@ The program has strong capacity on the detection of observation gross errors, |

measurement of external accuracy indexes and control of computation performance.

'
L1

P |
E
2

residual height anomaly (m)

residual disturbing gradient (E)

residual vertical deflection S (")
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(4)AII -element modelling on the residual gravity field using SRBFs

- Open the discrete heterogeneous
- residual observations file

number of rows of file header 1

column ordinal number of ellipsoidal

height in the record
column ordinal number of weight 7

Select SRBF radial multipole kernel

<

Orderm 3

Minimum degree 360

Maximum degree 1800

A P[] 4] M[|[4] P

Burial depth of 10.0km

1

s All-element modelling on gravity field using SRBFs from heterogeneous observations 0 X

of file header, whose format: observation type (0~5), source observation mean, standard deviation, minimum, maximum, residual observation mean,
standard deviation, minimum, maximum. The record format: ID, longitude, latitude, ellipsoidal height, residual observation, sowrce observation, observation

type, weight. Precise Approach of Earth
>> The parameter settings have been entered into the system! Gravitv Field and Geoid

** Click the [Start Computation] control button, or the [Start Computation] tool button... y
>> Computation start time: 2024-09-28 18:36:27 PAGravf4.5

>> Complete the computation! &

>> Computation end time: 2024-09-28 18:41:35

>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity dist urbance a umGE}T“tessdual

height anomaly * ksi (m), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and reS|dL§h’ch938§ﬁ‘¥€ﬁ5H”fé’é‘?§&Mapp'“g
* dft (", SW), where * is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calcu/26i9ve ##24Beling, China

>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center number, cell grid
number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval ('). The record format: |D, iengiiude (degree
decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').

Bjernammar sphere
Action distance

of SBRF center 100km

f Repter network level K 3600

>> Type O of source observations: mean 0.2695 standard deviation 42.0737 minimum -296.0915 maximum 165.2611
o Residual observations: mean 0.0196 standard deviation 12.9866 minimum -80.4161 maximum ©64.8276
>> Type 1 of source observationsjmean -0.0071 standard deviation 0.2768 minimum -0.6571 maximum 0.6846

¥ Residual observatior]s: mean -0.0002 standard deviation 0.0276 minimum -0.1059 maximum 0.0768

Select the adjustable
observations

Contribution rate k of

adjustable observations

height anomaly (m)

1.00

llﬂ Open the ellipsoidal height grid file
of calculation surface

= Algorithm of gravity field approach using SRBFs

@ After the first estimation is completed, it is recommended to employ the output
| residual observation file *.chs as the input observation file again to refine target field
i elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative
SRBF approach, and the target field elements are qual to the sum of these SRBF

approach solutions.

Solution of normal equation LU triangular decomposition - ! Save the results as - Import setting parameters @ Start Computation

ID lon lat ellipshgt gravity disturbance (mGal) height anomaly (m)

101.50417  24.00417 -35.528 -40.8686  -0.3641 -40Gan further|y detect and.remove the :tltl

1
2 101.51250 24.00417 -35.519 -47.9108 -0.4135 -4 :
*
3 101.52083 24.00417 -35.510 -55.2656 -0.4640 -5 Observatlon grOSS ercors from ChS!
4 101.52917 24.00417 -35.501 -64.00905 -0.5229 -6
5 101.53750 24.00417 -35.491 -73.4852 -0.5848 =7 and then repeat the Step (4) Q
6 101.54583 24.00417 -35.481 -72.3357 -0.578¢6¢ -72.1577 -106.5435 10.3880 2.3703

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

s [T

_\ @ The validity principle of once SRBF approach: (1) The residual target field
element grid are continuous and differentiable, and whose standard deviation is as
5 small as possible. (2) The statistical mean of residuals tends to zero with the

Extract data to be plot

I increase of cumulative approach times, and there is no obvious reverse sign.

@ The program is a high performance and adaptable modelling tool on local gravity
field. Various observations with heterogeneity, different altitudes, cross-distribution - — g -
| and land-sea coexisting can be directly employed to estimate the all-element models
of gravity field without reduction, continuation and gridding.

#a Plot —

-
=
. | L i i
Im= E L i 1T I
=2 -L u 1
S - D —

| @ The program has strong capacity on the detection of observation gross errors, |
|| measurement of external accuracy indexes and control of computation performance.

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




| v All-element modelling on gravity field using SRBFs from heterogeneous observations — O

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

— Open the discrete heterogeneous of file header, whose format: observation type (0~5), source observation mean, standard deviation, minimum, maximum, residual observation mean,
= residual observations file standard deviation, minimum, maximum. The record format: ID, longitude, latitude, ellipsoidal height, residual observation, source observation, observation
— type, weight.
number of rows of file header 2 ¥ >>The parameter settings have been entered into the system!
column ordinal number of ellipsoidal . ** Click the [Start Computation] control button, or the [Start Compt . .
height in the record * >> Computation start time: 2024-09-28 19:56:11 Input the file rntSRBFgeoidh30s1.chs output
column ordinal number of weight 8 - >> Complete the computation! fro m th e p revi ous Step _

>> Computation end time: 2024-09-28 20:03:11
>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity disturbance *.rga (mGal), residual
height anomaly *.ksi (m), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and residual vertical deflection vector
*.dft (", SW), where * is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calculation surface.
>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center number, cell grid
Maximum degree 5400 number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval (). The record format: ID, longitude (degree
Burial depth of decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').
Bjerhammar sphere 6.0km >> Type O of source observations: mean 0.0196 standard deviation 12.9866 minimum -80.4161 maximum 64.8276
: . b Residual observations: mean 0.0200 standard deviation 8.4565 minimum -54.9649 maximum 58.6241
NGNS EINE: 60km - >> Type 1 of source observations: mean -0.0002 standard deviation Q0276 minimum -0.1059 maximum 0.0768

of SBRF center ¥ Residual observations: mean 0.0008 standard deviation| 0.0147 minimum -0.0511 maximum 0.0345
Repter network level K 5400 S

<

Select SRBF Poisson wavelet kernel

Orderm 5
Minimum degree 540

A P[] 4] M[|[4] P

1

i jon LU triangular decomposition ~ = $ g i pr ;
Select the adjustable Solution of normal equation g p = $ave the results as Import setting parameters Start Computation

observations height anomaly (m) v
ID lon lat ellipshgt gravity disturbance (mGa eight anomaly(m) gravity anomaly (mGal),gravity gradlient (E) wvertica eflectis
e lon 1 1lipsh i di b (mGal) heigh 1y (m) i 1y (mGal) i i (E) ical defl i
Contribution rate k of , - 1 101.50417 24.00417 -35.528 -12.7117  -0.0168 -12.7065 -97.1597  -0.6515  -§.5321
adjustable observations 2 101.51250  24.00417 -35.519 ~6.6258 ~0.0077 ~6.6234  -54.9695 ~1.2702 ~¥.0260
Sy : = 3 101.52083 24.00417 -35.510 2.3531 0.0053 2.35
:'| 3p:ar1lctglzttiecl)lrl1p:8|r?aa(l::e|ght grid file 4 101.52917 24.00417 -35.501 11.024¢6 0.0174 11.014°0. 0147m = 1. 5 cChhm 2 The accuracy
5 101.53750 24.00417 -35.491 16.8356 0.0255 16.82]7 . .
6 101.54583  24.00417 -35.481  17.2077 0.0250  17.1941NdEX (SD) of geOId modellng.
";; Algorithm of gravity field approach using SRBFs Spatial distribution of observations spherical radial basis function spatial curve residual gravity disturbance (mGal)
e 1o iy L Lk 1L I = K= b3 ey LT [y 1
@ After the first estimation is completed, it is recommended to employ the output 10 T B e T
- residual observation file *.chs as the input observation file again to refine target field ' : o
. elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative § = -
' SRBF approach, and the target field elements are qual to the sum of these SRBF g
approach solutions. é -
@ The validity principle of once SRBF approach: (1) The residual target field -IEIH. """""""""""""" - .
element grid are continuous and differentiable, and whose standard deviation is as o
|| small as possible. (2) The statistical mean of residuals tends to zero with the : RBFg 60|dh3032.XXX Twr wr wmr e
increase of cumulative approach times, and there is no obvious reverse sign. e of the remainin g residual g ravity field e
s vy LY e e w— —— e o e ettt e A e H i 145 L4
WS TTT W |__-\_'H 'l":'l_l,r_l._ L B e i THOTETT EErE 1':_- 'wl_'_“_l"ﬂ_'-' N _an e T I T rrET TR T = 1T11L— 171 711
Extract data to be plot “®a Plot — - 3 f -
- F . )
. l-% -
L *-_ ﬂ:&r T T =
@ The program is a high performance and adaptable modelling tool on local gravity » ’
| field. Various observations with heterogeneity, different altitudes, cross-distribution ad nr
and land-sea coexisting can be directly employed to estimate the all-element models e o e , , e o, L, Sl e Dol e e S el et
I ‘lT'llﬂ E |y 1T Imx L L ";:II.'.' 1Er 1.2 I L EEy 1T I B nr 1y [l L

5 of gravity field without reduction, continuation and gridding. P - a - i B N B a N i . . - -

@ The program has strong capacity on the detection of observation gross errors, | :

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

| measurement of external accuracy indexes and control of computation performance.




'~ (6) Restore the reference gravity field and generate the
30" all-element models of the gravity field on the geoid.

«.+ Gridding of discrete geodetic
' data by simple interpolation

{8 Open a source data file

The source file format

geodetic grid file v

«.+ Interpolation of vector grid from
" two attributes in geodetic records

[J Process batch files with same specifications

i Gridding of high-resolution record
=+ attributes by direct averaging

| Constructing of general ™
geodetic grid file

Extracting of data according to
" latitude and longitude range

421 Save computation process as

>> [Function] According to the given latitude and longitude range, extract data from the geodetic discrete points file, grid file, or vectors grid

file. The program can extract data from batch files.

>> Open the source data file C:/PAGravf4.5_winG4en/examples/Gravimdlexercise/SRBFapprgeoidexercise/rtSRBFgeoidh30s1.rga.

** Look at the input file information in the text box below, set the file format parameters

>> Save the results as C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/gecidh30s1.rga.
>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]....

>> Computation start time: 2023-04-01 11:40:05
>> Computation end time: 2023-04-01 11:40:08
>> Compete the computation!

Maximum latitude|

[ (M
TV TCT T TONO TS, [ reXmr o IUIIQIlm| 102.200° <

25.700° =

-

- e

103.700° |+

Minimun latitude

ﬁ Save the results as
5 Import setting parameters

4 Start computation

% Simple and direct calculation on geodetic data files

B8 ¥

Open file Saveas Import parameters

.-, Weighted operation on two specified
" attributes in record file

[@ Open geodetic grid file 1
uﬂ QOpen geodetic grid file 2

Select operation mode
Plus +

Start computation

e | £

> &7 A

Save process  Follow example

=1 Weighted operation on two

—* geodetic grid files

>> Program Process ** Operation Prompts

>> [Function] Perform weighted

Set weight
The first weight 1.00

The second weight 1.00

||

>> Computation start time: 2023-04-01 11:42:23
>> Complete the computation!

[ Vector grid operation

>> Computation end time: 2023-04-01 11:42:23

.. Weighted operation on two
= vector grid files

lus, minus, or multiply operation on grid elements in two (vector
>> Open geodetic grid file 1 C:/PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/geoidh30s1.ksi.
>> Open geodetic grid file 2 C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/geoidh30s2 ksi.
>> Save the results as C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/ttt.dat.
>> The parameter settings have been entered into the system!

** Click the [Start Computation] control button, or the [Start Computation] tool button...

>> Open geodetic grid file 1 C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/ttt.dat.
>> Open geodetic grid file 2 C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/GMgeoidh30s540.ksi.
>> Save the results as C:/PAGravi4.5 win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/geoidh30srst.ksi.

‘ Weighted operation on two
harmonic coefficient files

&:f Save program process as

rid files with the same specifications.

>> The parameter settings have been entered into the system!

** Click the [Start Computation] control button, or the [Start Computation] tool button...

>> Computation start time: 2023-04-01 11:42:58
>> Complete the computation!
>> Computation end time: 2023-04-01 11:42:58

H Save the results as

'Es— Import setting parameters

25.700000 8.333333333E-03 8.333333333E-03
-33.8439 -33.8044 -33.7535 -33.7164 -33
-33.6330 -33.6730 -33.6258 -33.6608 -33
-33.4695 —-33.4733 —-33.4755 -33.4724 -33
-32.6707 -32.5086 -32.4707 -32.4397 -32
-32.1590 -32.2294 -32.2429 -32.2772 -32
-31.6840 -31.5800 —-31.4463 -31.3014 -31
-31.2749 -31.3081 —-31.4348 -31.5441 -31
-33.0298 -33.0585 -32.9076 -32.8458 -32
-31.2917 -31.2019 -31.1574 -31.1236 -31
-32.0052 -32.0125 -32.0342 -32.0506 -32
-31.6367 -31.4751 -31.3717 -31.2824 -31
-30.1666 -30.1718 -30.1843 -30.2084 -30
-33.8248 -33.7855 -33.7772 -33.709¢% -33
-33.5570 -33.6590 -33.6218 -33.6892 -33
-33.4196 -33.4811 -33.4403 —-33.4107 -33
-32.6070 -32.6180 -32.5836 -32.4849 -32
-32.2919 -32.2882 -32.3153 -32.2858 -32
-31.7070 -31.613¢ -31.4632 -31.3562 -31
-31.2203 -31.3777 —-31.441¢ -31.5030 -31
-33.0004 -32.9841 -32.9024 -32.8134 -32

.6523
.6573
.3694
.4184
.2816
L1980
. 6690
L7264
.1548
L1050
.1524
L2612
L6148
L6735
.4100
.4603
.3556
L2521
. 6635
.7078

& Start computation

4.7 Save data in the text box as

-33.5595 -33.4179 -33.3591 -33.3358 -33. I
—-33.6169 -33.6296 -33.5763 -33.5225 -33.
—-33.3498 -33.2645 -33.1311 -33.0862 -33
-32.3482 -32.2581 -32.2344 -32.2335 -32
-32.2898 -32.2932 -32.1852 -32.1180 -32
-31.0795 -30.9423 -30.8688 -30.8479 -30
-31.8185 -32.0528 -32.2333 -32.4930 -32
-32.6166 -32.5037 -32.3871 -32.2208 -32
-31.07e3 -31.1730 -31.1844 -31.2838 -31
-32.1891 -32.2451 -32.2861 -32.3063 -32
-31.0362 -30.8769 -30.7398 -30.6249 -30
-30.3113 -30.3836 -30.4434 -30.4978 -30
-33.5101 -33.4569 -33.3426 -33.3007 -33
-33.6380 -33.6450 -33.6149 -33.5519 -33
-33.3293 -33.2834 -33.2124 -33.1301 -33
-32.4476 -32.3126 -32.3387 -32.3249 -32
—-32.3484 -32.3075 -32.2408 -32.1714 -32
-31.0671 -30.9¢646 -30.8536 -30.8188 -30
-31.7979 —-31.9444 -32.1609 -32.3918 -32
-32.5839 -32.4764 -32.3104 -32.1883 -32

[| 102.200000 103.700000 24.300000  25.700000 | 8.333333333E-03 8.3333333: . ) ) )
I =30.UUTC —42.1272% =33.337 =3T.e0Z1 I -33.6938 -29.3611 E Exlract results Plot) Display of the input-output file|
-12.0662 -15.4777 -24.9972 -31.4477 -36.3290 -33.944¢ - \ 102.200000  103.700000  24.300000
& Calculation of global geopotential model and its spectral character analysis - O X -33.8572 -33.8961 -33.8570
-33.4193 -33.4537 -33.5636
=, ) = oy -33.4220 -33.4190 -33.4155
0 E ¥ E # i -32.8481 -32.7738 -32.7690
Geopotential model  Open calculation points  Import parameters Saveas ~ Start Computation  Follow example -32.2146 -32.1855  -32.1755
-31.8772 -31.8236 -31.7913
-31.0498 -31.1279 -31.2068
& Calculation of gravity field elements 5., Calculation of model value for residual a Global geopotential coefficient Calculation and analysis of spectral -33.0713 -33.0868 -33.1058
from global geopotential model =" terrain (complete Bouguer) effects model Calculator character of Earth's gravity field -31.5739 -31.4817 -31.3740
-31.7603 -31.8834 -31.9396
- : S -31.9849 -31.8533 -31.7847
. Open global geopotential coefficient model file 4:F Save computation process as = Algorithmic Formulas -30.2568  -30.1617  -30.1519
Select calculation flle format >> Open global geopotential coefficient model file C:/PAGravf4 5_win64en/data/EGM2008 fc. n R SAE S S TR S
Ellipsoidal height grid file ¥ | ™ The window below only shows the geopotential coefficients data with no more than 2000 rows in it. -33.4482 -33.4024 -33.4237
o ) ) >> Open ellipsoidal height grid file of calculation surface C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/ -32.8417 -32.8315 -32.7314
) Open ellipsoidal height grid file mdlgeoidh30srst dat. _32.2523 _32.2399 _32.2297
of calculation surface >> Save the results as C:/PAGravf4.5_win64en/examples/Gravimdiexercise/SRBFapprgeoidexercise/GMgeoidh30s540.xt. -31.8892  -31.8941  -31.8002
Select elements to be calculated ** The record format: ID (point no/name), longitude, latitude, ellipsoidal height, several columns of the model values of anomalous field elements. ~31.0057 ~31.1300 —31.1940
" . ) . s : , N . . . " -32.9958 -33.0262 -33.0206
height anomaly (m) The program also outputs (residual) height anomaly (*.ksi), gravity anomaly (*.gra), gravity disturbance (*.rga), vertical deflection vector (*.dft),
) disturbing gravity gradient (*. grr), tangential gravity gradient vector (*.hgd) or Laplace operator (*.Ips) model value grid file into the current directory. |
gravity anomaly (mGal) Where * is the output fil inthe i (residual) model value grigfila-accardingutothe

gravity disturbance (mGal)

vertical deflection (", SW)

disturbing gravity gradient (E, radial)
[] tangential gravity gradient (E, NW)
[] Laplace operator (E)

selected gravity field elgment type.
>> The parameter setti AeH m@l @
** Click the [Start Comyutation] control bution, or the
** The calculation procgss need
>> Computation start tige: 2023

>

Minimum degree ‘2

l

ent models

eOIdR308T st k™~ P

—

H Save the results as

:pr Import setting parameters

Residuals
geoidh30s1

& Start Computation

3

Maximum degree ‘540

“

Extract elements to be plot “a Plot]

.y

L - T 1 [ [y (1« -y L

1 102.20417 24.30417  -33.473 -33.4311 2.0759 -8.1920 -1.1911 -7.3808 4.3302 @
2 102.21250 24.30417  -33.445 -33.4011 2.6900 -7.5686 -1.2046 -7.2536 4.6353

3 102.22083 24.30417  -33.417 -33.3716 3.270¢ -6.9790 -1.2167 -7.1219 4.9167

4 102.22917 24.30417  -33.390 -33.3427 3.8166 -6.4241 -1.2274 -6.9861 5.1736

5 102.23750 24.30417  -33.363 -33.3143 4.3272 -5.9048 -1.2367 -6.8465 5.4055

6 102.24583 24.30417  -33.336 -33.2865 4.8015 -5.4220 -1.244¢6 -6.7034 5.611¢9

T 102.25417 24.30417  -33.309 -33.2594 5.2389 -4.9763 -1.2512 -6.5572 5.7923

8 102.26250 24.30417  -33.282 -33.2328 5.6388 -4.5682 -1.2564 -6.4083 5.9464

9 102.27083 24.30417  -33.256 -33.2068 6.0007 -4.1983 -1.2603 -6.2570 6.0740
10 102.27917 24.30417  -33.230 -33.1815 6.3243 -3.8669 -1.2629 -6.1038 6.1747 v
L1 - 11 o 1o 1 /8 U1« 1 i [ I S 1 1 k4 s W3 1034 s

256

5.4

25.2]

5

BN |

24

4 L5

4 M4
1022

T s 6 I@EF 108 10X Im4 GE [T - VN 1 T L1 1 1R 1N S [« SRS 1 o 1 L 7.3
I L R - B, | K. R -2k -0 ] n 1| 3 -l -0 Bi] [i] 1l 0
N : - L . - L .
height anomaly (m) gravity anomaly (mGal) gravity disturbance (mGal)

@ When the minimum and maximum degree n to be set is equal, the program calculates the contribution of the degree n geopotential coefficients to the anomalous gravity field element, which can be employed

to analyze and evaluate the spectral and space properties of the geopotential coefficient model.

-20

102.6°
-10

Remaining residuals
geoidh30s2

Reference models
GMgeoidh30s540

1028
0

M

odel disturbin

103.6°

1
103"

g gravity

gradient (E) on geoid

1034

LE§E TRERRRL S idY

Y

Model vertical deflection
vector (") on geoid




30”"x30" all-element models of gravity field on geoid

102.2 102.4° 102.6° 2.8 103" 103,2° 103.4" 103.6° .y 024" 102.6° 1028 103" 103,2° 1034 103.6° 2.z 102.4° 102.6° 1028 103" 103.2° 103.4" 103.6°
- T .

45

4.6

4.4
1 ) | | 1
w022 24 1026 2.8 103 103.2° 103.4° 108.6° w2y 2.4 w26 wzE 103" 103.2° 103.4° 103.8" - . ] g 103.4°
-33.5 -33 -32.5 -32 -31.5 31 -30.5 -150 -100 -500 0 50 100 150 -150 -100 -50 1] 50 100 150
: EE ——— [ ; - I 3 3

Geoid (m, Global datum) gravity disturbance (mGal)

[ eg 102.4° 102.6° 1028 103" 103.2° 103.4° 103.6° n2.r 1024 102.6° 1028 103" 103,27 1034 103.6°

254

M

M6

. .
4.4 244 - 24.4°
- = 2 » 4 ‘ e -
\ 1 ! 1 I 4 | T | 1 I f & el i 1
1022 1024 1026 102.8" 103 103.2° 103.4° 103.6" 02 024 102.6° 102.8° 103 1032 1034 103.6° .2 1oz a2 ne.g 13 3 a4 1056
-34 -33.5 -33 325 -32 315 -31 -30.5 - 1000 -500 ] 500 1000 1 an kN a0 50 &l
: ; B | - - | I i X -

Geoid (m, Regional datum) disturbing gravity gradient (E) vertical deflection vector (")



| v All-element modelling on gravity field using SRBFs from heterogeneous observations — O X

a = 3 In step (3) to step (6) above, the input data file and all the parameters are
Observation file Saveas Importparameters | St ® [ anyt” the'game, ‘and“otily the calculation surface is changed to the terrain
@ OPen e discrets hetetogeneous surfacesurfhgt30s.dat, > Using - the*same computationprocess,“'you" can
synchronously obtain the 30" full element models surfhgt30srst.xxx of the

gravity fiebdron'theterrain-sarface:

>> Complete the computation!

>> Computation end time: 2024-09-28 20:24:03

>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity disturbance *.rga (mGal), residual

height anomaly *.ksi (m), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and residual vertical deflection vector

*.dft (", SW), where * is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calculation surface.

>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center number, cell grid

Maximum degree 1800 number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval (). The record format: ID, longitude (degree

Burial depth of decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').

Bjerhammar sphere 10.0km >> Type O of source observations: mean 0.2695 standard deviation 42.0737 minimum -296.0915 maximum 165.2611

b Residual observations: mean 0.0196 standard deviation 12.9866 minimum -80.4161 maximum 64.8276

AELT AIBEEE 100km - >> Type 1 of source observations: mean -0.0071 standard deviation 0.2768 minimum -0.6571 maximum 0.6846

4

number of rows of file header 1

column ordinal number of ellipsoidal
height in the record

column ordinal number of weight 7

4 r

4

<

Select SRBF radial multipole kernel

Orderm 3

Minimum degree 360

A P[] 4] M[|[4] P

1

of SBRF center * Residual observations: mean -0.0002 standard deviation 0.0276 minimum -0.1059 maximum 0.0768
Reuter network level K 3600 - =
. Solution of normal equation LU triangular decomposition - ! Save the results as & Import setting parameters & Start Computation
Select the adjustable e
. eight anomaly (m) v
qbsgwatlons ID lon lat ellipshgt gravity disturbance (mGal) height anomaly(m) gravity anomaly(mGal),gravity gradient(E) vertical deflecti:
Contribution rate k of , - 1 101.50417  24.00417 2427.222 [ -35.5841  -0.3173 -35.4866  -50.2992 6.9434 2.9603
adjustable observations - 2 101.51250 24.00417 2480.981 | -41.6169 -0.3594  -41.5065 -60.1830 7.5622 2.8153
o : e 3 101.52083 24.00417 2435.157 | -48.2338 -0.4049  -48.1094 -71.2065 8.2217 2.7098
uﬂOofp:aqgslzt?élép:l?'r?;;:e'ght LLelis 4 101.52917 24.00417 2229.999 | -56.3053 -0.4602 -56.1639 -85.3176 9.0076 2.7960
5 101.53750 24.00417 2032.509 | -65.3908 -0.5207 -65.2308 -101.7457 9.7120 2.8500
6 101.54583  24.00417 1906.019 | -64.7895 -0.5187 -64.6301 -95.,3891 9.2967 2.1247

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

- Algorithm of gravity field approach using SRBFs

@ After the first estimation is completed, it is recommended to employ the output

residual observation file *.chs as the input observation file again to refine target field
elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative
' SRBF approach, and the target field elements are qual to the sum of these SRBF
| approach solutions.
@ The validity principle of once SRBF approach: (1) The residual target field
| element grid are continuous and differentiable, and whose standard deviation is as
|| small as possible. (2) The statistical mean of residuals tends to zero with the
increase of cumulative approach times, and there is no obvious reverse sign.

Extract data to be plot = Plot —

@ The program is a high performance and adaptable modelling tool on local gravity
| field. Various observations with heterogeneity, different altitudes, cross-distribution
and land-sea coexisting can be directly employed to estimate the all-element models
of gravity field without reduction, continuation and gridding.
| @ The program has strong capacity on the detection of observation gross errors, |

measurement of external accuracy indexes and control of computation performance. residual height anomaly (m) residual disturbing gradient (E) residual vertical deflection S (")




30”"x30" full element models of gravity field on terrain surface
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Only six steps universal in global
land-sea area. Everyone will !
A\ , X

Process demb of full element modellmg on gravity

field usmg SRBFs in normal height system
P o Y

[T A A et ﬁ

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.

¥



Detection of gross errors, measurement of
regional height datum difference and GNSS-

GNSS-levelling contribution
ratek =0

Calculation of gravity field elements

from global geopotential model

The observed terrestrial,

The remaining
residual file 1

The heterogeneous
observation residual file

marine and airborne
gravity disturbance file

|

The observed GNSS-

All-element modelling on gravity field
using SRBFs from heterogeneous
observations

levelling height anomaly file

2~180t" degree

EGM2008 model

All-element modelling on remaining
residual gravity field using SRBFs

geoidal height grid

1 1

models of remaining
residual gravity field

The ellipsoidal
height grid of the

All-element grid The remaining

_ _ land/sea surface
residual file 3

leveling external accuracy index -
Regional GNSS-leveling re T
height datum external accuracy I
difference index i
l
= >
Y :
Reconstruct the heterogeneous i
observation residual file :
|
|
i >
All-element modelling on the residual I
gravity field using SRBFs i
:
1
1
l
_ The remaining -
AIFEIRhrant ¢l residual file 2 Y

models of residual

1

gravity field

30" gravimetric geoidal height, gravity disturbance
gravity anomaly, disturbing gradient and vertical

deflection vector models on geoid

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

-------------------- +| Detection of gross errors,
> measurement of external accuracy
Indexes, computation performance
Y control and results quality assessment
grid files
+ 2~540t degree all-element grids from -

I -

EGM2008 geopotential model

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



Precise Approach of Earth
Gravity Field and Geoid

PAGravf4.5
. : A‘ " ' //
Chinese Academy of Surveying & Mapping //
T I | {_ 5 October 2024, Beijing, China 4
ES_F- o - 4 -
[ ) ® = (=} O i)
2547 7
i & @ i ) )
I @ 6 o @ ® @ o 5 @ @
2527 2 o o @ ) @ (& & 0 ® -
b 5 @ © @ = @® © & @
= =i - I:!-l"
297 'S = o : o e o (L) o ol & b
o & o ® w O i & L © = ®
i O
0 i ) B @ (@ > o 0 =)
E‘:I-.B'_ 0 L-H o) |
o © b 8 5 @ © a8 g
I ® g @ ®
o 'S o o o3 S o = 2
il ST o o © o |
- 2
2 ® © o ©
I-'-'I-.-fl-t L L L -] 1 ! 1 1 L 1 1
102.4° 102.6 102.8° 103" a.r 1{3.4°
-35 -3 =33 =32 =31
[ : .

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



1015 0z s 103" 03,5 104
T T T T T T

100" 1. 5"

ro I 2 B
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& Calculation of global geopotential model and its spectral character analysis

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

construct the'heterogeneous observation residual file.

~ Calculation of gravity field elements
e from global geopotential model

+.. Calculation of model value for residual
- terrain (complete Bouguer) effects « model Calculator

ﬁ Open global geopotential coefficient model file

Select calculation file format
Discrete calculation points file

_5';-,. Open space calculation points file

Set input point file format

4.r Save computation process as

a Global geopotential coefficient

- Algorithmic For

Calculation and analysis of spectial
character of Earth's gravity fﬁii‘ecise Approach of Earth

y Field and Geoid
PAGravf4.5

** Click the [Open global geopotential coefficient model file] control button, or the [Open geopotential model] tool button. ..

>> Open global geopotential coefficient model file C:/PAGravi4.5_win64en/data/EGM2008.gfc.

** The window below only shows the geopotential coefficients data with no more than 2000 rows in it.

Gravit

Number of rows of file header |1

Column ordinal number of ellipsoidal

height in the record S w
Select elements to be calculated

height anomaly (m)

[ ] gravity anomaly (mGal)

[ ] gravity disturbance (mGal)

[_] vertical deflection (", SW)

[] disturbing gravity gradient (E, radial)
[ ] tangential gravity gradient (E, NW)

keeps 4 significant figures.
>> The parameter settings have been entered into the system!

** Click the [Start Computation] control button, or the [Start Computation] tool button...
** The calculation process need wait, during which you can open the output file to look at the calc

>> Computation start time: 2023-03-21 15:28:18

>>Complete the calculation of the model value of (residual) gravity field element!

Ef:bﬂgutation end time: 2023-03-21 15:29:04

>> Open space calculation points file C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/obsGNSE kS| Efinese A’cademyofsUNeying&Mapping
** Look at the file information in the window below and set the discrete point file format...

|>> Save the results as C:/PAGravf4.5 win64en/examples/Gravfimdiexercise/SRBFapprwithGNSSIksi/obsGNSSIksi GM540.txt.
** Behind the record of the calculation point file, appends one or more columns of model values of anomalous field elements, and

October 2024, Beijing, China

The observed

gravity

disturbances

The

observed
GNSS-leveling
height anomalies

Ml

'7:,- Import setting parameters

P Sawults as

& Start Comput

ID lon(degree dec

lat ellpH(m) ksi (m)

Al

1 102.4424 24. 1973.56 [-32.7581 ~32.6525
[ Laplace operator (E) 2 102.5467 24.4 .69 | -32.9577 ~32.5340 The heterogeneous
n 3 102.6324 24.4582 -32.5792 ~32.4433 ' i
Minimum degree |2 = L 102 7050 o4 ac0c ' 35 3014 35 3302 observation residuals
Maximum degree |540 : 5 102.4208 24.5663 1991.56N -32.6038 ~32.5734 -
6 102.5286 24.5627 1937.23 |-32.5636 ~32.4239
7 102 - 6344 24 - 5656 2193 - ?2 —32 B 3822 —32 . 312 8 E rntSRBFgeoidh30s0. chs k3 B ohsresidualso.txtml
— 8 102.7258 24.5819 2304.57 |-32.2197 -32.2069 1 |ID lon(degree decimal) lat ellpH(m) rent kind weight
SUEHEETEIDD 22 o FIEE 9 102.8326 24.5755 1978.11 |-32.5408 || -32.0934 5 102.3929 24.4944 19 54.9765
. . . 3 102.3959 24.5089 .20 50.0971
LB < . The ellipsoidal height here at 4 102.3927 24.5296 .33 | 28.3652
5.6 25.6° . . . 1N 0o S EACR
GNSS_IeVe“n Olnt IS the 5 10Z.5366 £3.0405  zliZ. 50 38.3822
ik L - 9 P : 6 1Residuakgravity1971.28 | 20.6411
* observed ellipsoidal height. 7 distufbances (mGaf:-3L | 15-5784
I ol - 8 1P2 e S ZFER e P Ades5.58 | 14.5045
i . 9 102.3931 24.06178 .72 14.9731
15ta . a5 10 102.3935 24.6384 .15 7.4068
i : i - 4221 102.4424 24.4717 1973.56 -0.0882
ME 4 4222 102.5467 24.4580 1659.69 -0.4184
B . ] 4223 102.6324 24,4582 2120.99 -0.1378
HeL . s 4224 102.7259 24.4605 2112.20 |-0.0659
M4-+ 8 . . . sag 4225 102.4208 24.5663 19491.56 -0.0029
= I Ls 1 1 I . PR ) ] o
A 1026 L8 Tty ity 034" Seer l025286 24?6%7 193722 _gééég
as21 I DT o I W L 0 8.0 C A W e Y —U .
-1z28 -3x4 324 -322 -3 -5lE -3le -4 -
E— 4228 esiduab GNSS-leveling: 57 |-0.0100
- ravity anomaly (mGal 4229 height’anomaly>(m)°’¢-11 [ -0.4484
The model height anomaly (m) Jravy AR 4230 gt &l _y( ?_:;; .60 | -0.2580
n ; : is equal, the program calculates the contribution of the degree n geopotentid 22 =1 102.4239 24.6529 1960.26 -0.0416
at the GNSS Ievelllng pOIntS 4232 102.5297 24.6670 2158.55 -0.1896

o employed o analyze and evaludtc e gpecual and space properties of the geopotential coefficient model.
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we All-element modelling on gravity f

eld using SRBFs from heterogeneous observations

(2) Detect the gross errors of the observations and then reconstruct
the-heteroegeneous-observation residual-file.

, Open the discrete heterogeneous
= residual observations file

type, weight.
number of rows of file header 1

column ordinal number of ellipsoidal
height in the record

column ordinal number of weight 7

Select SRBF

<

radial multipole kernel

Orderm 5

Minimum degree 360

A P[] 4] M[|[4] P

Maximum degree 1800

>> The parameter settings have been entered into the system!
** Click the [Start Computation] control button, or the [Start Computation] tool button...
>> Computation start time: 2024-09-28 21:09:13

>> Complete the computation!

>> Computation end time: 2024-09-28 21:14:56
>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity disturbance *
height anomaly *.ksi (m), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and residuShneR
* dft (", SW), where * is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of ca qulo“mbe’lﬁ?éf‘nBe”'"g’ china
>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center numb
number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval (*). The record format: ID, iongltuoe {(degree
decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').

of file header, whose format: observation type (0~5), source observation mean, standard deviation, minimum, maximum, residual observation mean,

standard deviation, minimum, maximum. The record format: ID, longitude, latitude, ellipsoidal height, residual observation, sowrce observation, observat
Precise A@mmach of Earth

Gravity Field and Geoid

PAGravf4.5

-
3
i
(cAsm

N2,
rga (mGAN Tesidual

r, cell grid

Burial depth of

»

Bierhammar sphere 10.0km - >> Type O of source observations: mean 0.3186 standard deviation 42.1772 minimum -296.0915 maximum 165.2611
) Action di tp > Residual observations: mean 0.7856 standard deviation 17.5917 minimum -105.2839 maximum 114.8811
0: ggRll‘Scir;?eer 100km - >> Type 1 of source observations: mean -0.3452 standard deviation 0.2739 minimum -0.9755 maximum 0.3702
* Residual observations: mean -0.0405 standard deviation 0.0271 minimum -0.1876 maximum 0.0099
Reuter network level K- 3600 = =
) Solution of normal equation LU triaf 1 rtSRBForth30s0. chs 4
Select the adjustable height anomaly (m) y 1 ] o0 0.3186  42.1772 -296.0915 165.2611 residuals: 0.7368  16.9838 -105.2839 114.8811
observations g y , , 2 1 -0.3510 0.2774 -0.9982 0.3435 _residuals;: -0.0410 0.0287 -0.1943 0.0132
Contribution rate K of ID lon lat ellipshgt gravitjl 4 1 102.39290 24.49440 2228.190 16.4199 54.9765 0  1.000
_ _ 0.00 : 1 101.50417  24.0041 4 2 102.39590 24.50890  2170.200 -4.7688 50.0971 0  1.000
adjustable observations 2 101.51250  24.0041f| 5 3 102.39270 24.52960 2013.330 ~18.3876 28.3652 0  1.000
e : e 3 101.52083 24.0041 6 4  102.39660 24,54530 2122.500 1.0011 ..
=) Open the ellipsoidal height grid file 4 101.52017 24 00a1fl 7 5 102.39690 24.56360 1971.280 _0.0326 | Select o the remaining
=l of calculation surface 5 101.53750 04 0041' 8 6 102.39380 24.58130  1940.310 -12.0941 d | | 5
: : 7  102.39520 24.60360 1965.580 12.1550 I | ( mn )
6 101.54583  24.0041J| 19 8  102.39310 24.61780  1997.720 20.5312 gsiauals (colu as
e — | 11 9  102.39350 24.63840 1916.150 3.5948 the StatiStical reference

= Algorithm of gravity field approach using SRBFs

@ After the first estimation is completed, it is recommended to employ the output
residual observation file *.chs as the input observation file again to refine target field
elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative
SRBF approach, and the target field elements are qual to the sum of these SRBF
approach solutions.

@ The validity principle of once SRBF approach: (1) The residual target field
element grid are continuous and differentiable, and whose standard deviation is as
small as possible. (2) The statistical mean of residuals tends to zero with the
increase of cumulative approach times, and there is no obvious reverse sign.

Extract data to be plot = Plot —

@ The program is a high performance and adaptable modelling tool on local gravity
field. Various observations with heterogeneity, different altitudes, cross-distribution
and land-sea coexisting can be directly employed to estimate the all-element models
of gravity field without reduction, continuation and gridding.

@ The program has strong capacity on the detection of observation gross errors, |

measurement of external accuracy indexes and control of computation performance.

Spatial distribution of observations
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Separate the remaining residuals
of the observed GNSS-leveling
and observed gravity disturbance
from rntSRBFgeoidh30s0.chs.

@ Gross error detection and basis function gridding of discrete field elements

3 B ¥

Open file Save as Import parameters

Start Computation

-

- &7
Save process

I:El Gross error detection on observations
“*¥ based on low-pass reference surface

'_;_:'; The discrete point file to be detect

Follow example

—_ Estimation of observation weight
"= with specified reference attribute

/
“
/

4 »

Number of rows of file header ‘ 1

Column ordinal number of
the attribute to be detect

4 r

Beyond multiples of the \
standard deviation n

4 »

3.0

uﬂ Open low-pass reference surface grid file

=] Save the results as

[0S

specified attribute value and reference value.

rntobsGNSSIksiOerror.ixt.

** The reference surface can be constructed from discrete data by simple gridding and themgow-pass fil
specified attribute grid constructed by weighted basis function gridding. : /
>> Open the discrete geodetic file C:/PAGravf4.5_win64en/examples/Gravimdlexercis @hinéseAcadetnGofSuivaingplMapiping ksi0 Xt

** Look at the file information in the window below and set the discrete point file format... a
>> Open low-pass reference surface grid file C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SREFzpprwithGNSSIksi/zero.dat.
>> Save the results as C./PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprwithnGNSSiksi/rmtobsGNSSIksiOneerr.ixt.
>> Save no gross error results as C./PAGravi4.5_wing4en/examples/Gravimdlexercise/SRBFapprwithGNSSiksi/

@ Gross error detection and basis function gridding of discrete field elements

2 B ¥

Openfile Save as Import parameters

Start Computation

P &7t

,}:EI- Gross error detection on observations
"= based on low-pass reference surface

'_;_:",;. The discrete point file to be detect

Number of rows of file header ‘ 1

4r

Column ordinal number of

the attribute to be detect ‘5 b ‘
Beyond multiples of the \ A =
standard deviation n ‘5'0 \\ =

uﬂ Open low-pass reference surface gqd file

= Save the results as
=] Save gross error as
3 Import setting parameters

4 Start Computation

Save process

—_ Estimation of observation weight
"~ with specified reference attribute

-

Follow example

- O X

« .+ Gridding of heterogeneous data by basis
“** function weighted interpolation

-

&7 Save computation process as

Zero.dat.

rntobsdistgravOerror.ixt.

>> Qomplete computation!

>> The parameter settings have been entered into the system!
“* Click the [Start Computation] control button, or the [Start Computation] tool button...
> Computation start time: 2023-03-21 14:48:43

>> Computation end time: 2023-03-21 14:48:43

>> [Function] Select the low-pass grid as the reference surface, interpolate the reference value of the specified attribute value at the »

discrete point, and then detect and separate the gross error records according to the statistical properties of the differences between

the specified attribute value and reference value.
** The reference surface can be constructed from discrete data by simple gridding and then low-pass filtering, and can also be the

specified attribute grid constructed by weighted basis function gridding.

>> Open the discrete geodetic file C:/PAGravf4.5_win64en/examples/Gravfmdlexercise/SRBFapprgeoidexercise/rntobsdistgrav0.txt.
** Look at the file information in the window below and set the discrete point file format...

>> Open low-pass reference surface grid file C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/

>> Save the results as C:/PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/rntobsdistgravOnoerr.txt.
>> Save no gross error results as C:/PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprgeoidexercise/
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Source observations input

Observations without grass error

b the system!
r the [Start Computation] tool button...

Gridding of heterogeneous data.by basis
function weighted interpolation

October 2024, Beijing, China

é@)g and canalso be the
A /N

Al

Precise Approach.of-Earth. o |
>> Select the computation function from the three control buttons at the top of the mﬁ!@Vlty FIE'd and GQOId

>> [Function] Select the low-pass grid as the reference surface, interpolate the reference Valupmai?j4b5 value at the
discrete point, and then detect and separate the gross error records according 1o the statistica¥p ‘ MAdin®®Pices between the

|

Extract plot data “a Plot]
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s All-element modelling on gravity f

eld using SRBFs fi

rom heterogeneous observations

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

external accuracy-index.

— Open the discrete heterogeneous
- residual observations file

number of rows of file header 1

column ordinal number of ellipsoidal

height in the record
column ordinal number of weight 7

Select SRBF radial multipole kernel

<

Orderm 3

Minimum degree 240

Maximum degree 1800

A P[] 4] M[|[4] P

Burial depth of

»

Repter network level K 3600

of file header, whose format: observation type (0~5), source observatio
standard deviation, minimum, maximum. The record format: ID, longitud
type, weight.
>> The parameter settings have been entered into the system!

** Click the [Start Computation] control button, or the [Start Computatic
>> Computation start time: 2024-09-28 21:17:31

>> Complete the computation!

0:2735mid reThesexternabaccuraey:-index (SD)I
of the 2~540" degree model height anomaly

0.0233 m¢ The external accuracy index
(SD) of GNSS-levelling

>> Computation end time: 2024-09-28 21:22:53

>> The program outputs the all-element grid files into the current directory. These grid files include the residual gra
), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial)
is the output file name, and whose grid specification are the same as the input ellipsoidal hei
>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter
number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval (').
decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circl

height anomaly *.ksi (m
*.dft (", SW), where *

ity disturbance *.rga (mGal), residual
nd residual vertical deflection vector

t grid of calculation surface.

id level, SRBF center number, cell grid
he record format: ID, longitude (degree
direction (').

Bjerhammar sphere 10.0km = >> Type O of source observations: mean 0.2695 standard deviation 42.0737 minimum -296.0915 maximum 165.2611
: . o Residual observations: mean__- standard deviation_13.8957 minimum -80.4161 maximum | 64.8276
%:tggﬁ?ll_sg;?eer 100km - >> Type 1 of source observations: mean |-0.3404 stBndard deviation | 0.2735 njinimum -0.9755 maximum 03702
** Residual observations: meah -0.0069 [|standard deviation 0.0233 minimum -0.1295 maximum  0.0528

Select the adjustable

observations height anomaly (m)

Solution of normal equation LU triangular decomposition -

ﬂ Save the results as g Import setting parameters @ Start Computation

Contributi ¢ ; ID lon lat ellipshgt gravity disturbance (mGal) hfeight s Ty e Sl S e gl et} f'ectj_tl
ontribution rate k o R _ I _
_ _ 0.00 - 1 101.50417 24.00417 2427.222 25.275E d.22 4 (_ ) 3938
adjustable observations 2 101.51250  24.00417 2480.981 -33.011E 40 0.3404 0.0069 0.3335m
N : e 3 101.52083  24.00417 2435.157 -39.4282 —q i i
Open the ellipsoidal height grid file The measured height'datam’difference
= ofpcalculationpsurface gntg 4 101.52917 24.00417 2229.999  -47.4915 —q e ¢ 9 u
5 101.53750 24.00417 2032.509 -57.3974 -0.5878 -57.2168 -72.2220 11.4284 3.6646
1906.019 -58.2186 ~0.6102 -58.0311 -67.6348 11.2885 3.1255

Only using the observed gravity disturbances.

= Algorithm of gravity field approach using SRBFs

I.I:II.j-'

Spatial distribution of observations

@ After the first estimation is completed, it is recommended to employ the output
residual observation file *.chs as the input observation file again to refine target field
elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative
SRBF approach, and the target field elements are qual to the sum of these SRBF
approach solutions.

@ The validity principle of once SRBF approach: (1) The residual target field
element grid are continuous and differentiable, and whose standard deviation is as
small as possible. (2) The statistical mean of residuals tends to zero with the
increase of cumulative approach times, and there is no obvious reverse sign.

Extract data to be plot = Plot —

@ The program is a high performance and adaptable modelling tool on local gravity
field. Various observations with heterogeneity, different altitudes, cross-distribution
and land-sea coexisting can be directly employed to estimate the all-element models

.|
Iim = E
-2

of gravity field without reduction, continuation and gridding.

@ The program has strong capacity on the detection of observation gross errors, |

spherical radial basis function spatial curve residual gravity disturbance (mGal)

measurement of external accuracy indexes and control of computation performance.

residual height anomaly (m)

residual disturbing gradient (E) residual vertical deflection S (")




| W All-element modelling on gravity field using SRBFs from heterogeneous observations 0 X

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

i ;

I - Open the discrete heterogeneous of file header, whose format: observation type (0~5), source observation mean, standard deviation, minimum, maximum, residual observation mean,

f - residual observations file standard deviation, minimum, maximum. The record format: ID, longitude, latitude, ellipsoidal height, residual observation, sowrce observation, observation

| ber of T . type, weight. Precise Approach of Earth
number of rows of file header ¥ >>The parameter settings have been entered into the system! G

: . - - ravity Field and Geoid

i column ordinal number of ellipsoidal 6 - ** Click the [Start Computation] control button, or the [Start Computation] tool button... ¥

‘ height in the record >> Computation start time: 2024-09-28 21:43:45 PAGravf4.5
column ordinal number of weight 7 - >> Complete the computation! &

>> Computation end time: 2024-09-28 21:48:27
>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity dist urbance a umGE}T“tessdual

height anomaly * ksi (m), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and reS|dL§h’ch938§ﬁ‘¥€ﬁ5H”fé’é‘?§&Mapp'“g
* dft (", SW), where * is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calcu/26i9ve ##24Beling, China

>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center number, cell grid &
Maximum degree 1800 number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval (). The record format: 1D, icngitude (degree

§ Burial depth of decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').
! Bjerhammar sphere 10.0km >> Type O of source observations: mean 0.2695 standard deviation 42.0737 minimum -296.0915 maximum 165.2611
; . . b Residual observations: mean 0.0620 standard deviation 12.9896 minimum -80.4161 maximum ©64.8276
i AELT AIBEEE 100km - >> Type 1 of source observations:;imean -0.0107 standard deviation 0.2739 njinimum -0.6410 maximum 0.7047
SSIEINE Sy ¥ Residual observations: mean -0.0014 standard deviation 0.0291 Iminimum -0.1886 maximum 0.0595

Repter network level K 3600 S

<

Select SRBF radial multipole kernel

Orderm 3

Minimum degree 360

A P[] 4] M[|[4] P

1

i jon LU triangular decomposition ~ = | % i -
Select the adjustable Solution of normal equation g p | Save the results as Import setting parameters & Start Computation

increase of cumulative approach times, and there is no obvious reverse sign.

: observations height anomaly (m) v
| ] i ID lon lat ellipshgt gravity disturbance (mGal) height anomaly (m) ti
: antr;bg;uongate th?f 1.00 s 1 101.50417  24.00417 2427.222 -33.8830  -0.3067 -3:Ga@ll furtherly detect and:emove the i
i adjustable observations 2 101.51250 24.00417 2480.981  -41.3359 -0.3579 -4 ‘ * :
i 0 Sy : = 3 101.52083  24.00417 2435.157 -47.3401 -0.3988 -4 Observatlon grOSS ercoLs from -ChS! .
| pen the ellipsoidal height grid file _
: “ﬂofcalculation surface 4 101.52917  24.00417 2229.999  -55.40958 -0.4544 -5 d th t th t 4 Q .
; 5 101.53750 24.00417 2032.509 -€5.0026 -0.5171 -6 ar en repea €S ep ( )
: 6 101.54583  24.00417 1906.019 -65.4479 -0.5213  -65.2877 -96.5237 9.8143 2.3826
’ ':; Algorithm of gravity field approach using SRBFs Spatial distribution of observations spherical radial basis function spatial curve residual gravity disturbance (mGal) |
!
|.l:||.£~' 1L HI= b3 1|.u m-r |
@ After the first estimation is completed, it is recommended to employ the output ) ‘ .
i residual observation file *.chs as the input observation file again to refine target field ~Sk bl
? elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative = - - L I
i SRBF approach, and the target field elements are qual to the sum of these SRBF ~
? approach solutions. e o
| @ The validity principle of once SRBF approach: (1) The residual target field . '. " o
? element grid are continuous and differentiable, and whose standard deviation is as : 44 - ' -
i| small as possible. (2) The statistical mean of residuals tends to zero with the i L ":H L A” e|em ent mOde|S SRB Fsurfhgt3081 XX X mr owromr o ow
[

of the residual gravity field
S\,

i Extract data to be plot “#a Plot —

@ The program is a high performance and adaptable modelling tool on local gravity

-
? field. Various observations with heterogeneity, different altitudes, cross-distribution - ']M
| and land-sea coexisting can be directly employed to estimate the all-element models ,' AT T
| I Lt 1T

i of gravity field without reduction, continuation and gridding. i ] ’ ’ m. 0 M

@ The program has strong capacity on the detection of observation gross errors,|




!

)

|

s All-element modelling on gravity f

eld using SRBFs from heterogeneous observations

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

- Open the discrete heterogeneous

- residual observations file
— type, weight.
number of rows of file header 2 >
column ordinal number of ellipsoidal =
height in the record “  >> Computation start time: 2024-09-28 21:56:01
column ordinal number of weight 8 - >> Complete the computation!

<

Select SRBF Poisson wavelet kernel

height anomaly *.ksi (m

Order m
3 *.dft (", SW), where *

Minimum degree 540

A P[] 4] M[|[4] P

Maximum degree 1800

Burial depth of
Bjernammar sphere

»

6.0km

4

ek

>> Type O of source observations: mean
Residual observations: mean

>> Computation end time: 2024-09-28 22:00:17

>> The parameter settings have been entered into the system!
** Click the [Start Computation] control button, or the [Start (

-0.0013 standard deviation

of file header, whose format: observation type (0~5), source observation mean, standard deviation, minimum, maximum, residual observation mean,
standard deviation, minimum, maximum. The record format: ID, longitude, latitude, ellipsoidal height, residual observation, source observation, observation

Input the file SRBFsurfhgt30sl.chs that
IS output from the previous step.

>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity disturbance

), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and residual vertical deflection vector

is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calculation surface.

>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center number, cell grid

number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval ('). The record format: ID, longitude (degree

decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').

0.0620 standard deviation 12.9896 minimum
0.1225 standard deviation 9.4454 minimum

inimum
0. ini

0154 |minimum

*.rga (mGal), residual

-80.4161 maximum 64.8276
-42 1759 maximum 57.3920

-0.1886 maximum 0.0595
-0.0708 maximum 0.0315

NGNS EINE: 60km - | >>Type 1 of source observations: mean -0.0014 standard deviation
of SBRF center * Residual observations: mean
Reuter network level K 5400 =
Select the adiustabl Solution of normal equation LU triangular decomposition -
elect the aqjustable height anomaly (m) v
observations ID lon lat ellipshgt gravity disturbance (mGal)
Contribution rate k of , - 1 101.50417 24.00417 2427.
adjustable observations - 2 101.51250 24.00417 2480.
o : e 3 101.52083 24.00417 2435.
uﬂ OOfp:ar}CtSIZt?cl)lép:SIr?:(l::eIght LLelis 4 101.52917  24.00417 22209.
5 101.53750 24.00417 2032.
6 101.54583 24.00417 1906.

222
981

157
999
509
019

-17.
-17.
-16.
-15.
-13.
-11.

6250
1942
3729
3566
7680
8549

= K

bave the results as g Import setting parameters @ Start Computation

height anomaly (m)
.0737
.0720
.0689
.0652
.0593
.0522

vertical deflecti

gravity anomaly (mGal),gravity g[adient(E)
-17.6024 -44.0716 1.1775 0.1831
-17.1721 -43.0375 1.2277 0.1211
-1 |
10.0154m'~ 1.5:cm ¢~ ~The accuracy
-11.index(SD) of height anomaly modeling.

= Algorithm of gravity field approach using SRBFs

@ After the first estimation is completed, it is recommended to employ the output

i residual observation file *.chs as the input observation file again to refine target field

elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative

i SRBF approach, and the target field elements are qual to the sum of these SRBF

approach solutions.

@ The validity principle of once SRBF approach: (1) The residual target field
element grid are continuous and differentiable, and whose standard deviation is as

i| small as possible. (2) The statistical mean of residuals tends to zero with the

increase of cumulative approach times, and there is no obvious reverse sign.

Extract data to be plot = Plot —

@ The program is a high performance and adaptable modelling tool on local gravity

i field. Various observations with heterogeneity, different altitudes, cross-distribution

and land-sea coexisting can be directly employed to estimate the all-element models

i of gravity field without reduction, continuation and gridding.

@ The program has strong capacity on the detection of observation gross errors, |
|| measurement of external accuracy indexes and control of computation performance.

Spatial distribution of observations

LY

| '_'_l"-"‘l

of the remaining residual gravity fleld

spherical radial basis function spatial curve

residual gravity disturbance (mGal)

s
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residual height anomaly (m)

residual disturbing gradient (E)

residual vertical deflection S (")



M si mple and direct calculation on geodetic data files - (m] X

(6) Restore the reference gravity field and generate the 30" - 2 & * o Wk

Open file Save as Import parameters

L] - - ‘
al I -el e m e n t m O d eI S Of t h e g r aV I ty fl eI d O n ter ral n S u rfac e .+ Weighted operation on two specified Weighted operation on two a.. Weighted operation on two e Weighted operation on two
" | " attributes in record file * geodetic grid files “" vector grid files harmonic coefficient files
-« Gridding of discrete geodetic - Interpolation of vector grid from 5 Gridding of high-resolution record — Constructing of general +  Extracting of data according to BB Open geodetic grid ie 1 e e [ ORI o R
“** data by simple interpolation “* two attributes in geodetic records ==+ attributes by direct averaging ' geodetic grid file " latitude and longitude range uﬂ Open geodetic grid file 2 >> [Function] Perform weighted plus, minus, or multiply operation on grid elements in two (vector) grid files with the same specifications.
Select operation mode >> Open geodetic grid file 1 C:/PAGravf4_5_w?n64enlexampIes/GravfdeexerciseISRBFapprwithGNSSIksi/surfhgtBOM .ks?.
E Open a source data file (] Process batch files with same specifications &:f Save computation process as >> Open geodetic grid file 2 C:/PAGravf4l.5_W|n64en/exampIes/Gravfdet_axermse/SRBngprwﬂhGNSSIKSl/surfhgt30s2.kS|.
Plus + ~  |>> Save the results as C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/ttt.dat.
The source file format >> [Function] According to the given latitude and longitude range, extract data from the geodetic discrete points file, grid file, or vectors grid Set weight >> The parameter settings have been entered into the system!
geodetic grid file . file. The program can extract data from batch f|_|es_ : : i The first weight 1.00 - ** Click the [Star‘c Computation] control button, or the [Start Computation] tool button...
>> Open the source data file C:/PAGravi4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/SRBF surfhgt30s1.rga. ————— |>>Computation start time: 2023-04-01 10:48:54
** ook at the input file information in the text box below, set the file format parameters...... The second weight 1.00 = |>> Complete the computation!
>> Save the results as C:/PAGravi4.5_win64en/examples/Gravimdiexercise/SRBFapprwithGNSSIksi/surfhgt30s1.ksi. (] Vector grid operation >> Computation end time: 2023-04-01 10:48:54 . . )
S5 Gefling parameters have been imported in the program! >> Open geodetic grid file 1 C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/ttt.dat.

>> Open geodetic grid file 2 C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/GMsurfhgt30s540.ksi.

Click the control buitton [Start computation], or the tool button [Start computation].... >> Save the results as C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/surfhgt30srst.ksi.

1 >> Computat?on start -time: 2023-04-01 10:56:03 | mmml
>> Computation end time: 2023-04-01 10:56:06 ** Click the [Start Computation] control button, or the [Start Computation] tool button...
| >> Compete the computation! >> Computation start time: 2023-04-01 10:49:36

>> Complete the computation!

Maximum latitude! 25700° = ta Save the results as >> Computation end time: 2023-04-01 10:49:36

l!‘.“i.‘i.‘.m ; gﬂ@l—kﬁmmmﬁmll 102.200° '+ 103.700° |+ _;'r Import setting parameters | [5) save the results as % Import setting parameters & Start computation

Minimun latitude 24300° < & Start computation Display of the input-output file| 4. Save data in the text box as

| |102.200000 103.700000  24.300000  25.700000 I 0.00833333  0.00833333 E————— - 102.200000 103.700000  24.300000  25.700000 0.00833333 0.00833333 :
| - - - - 31,2030 27 5479 I - ! -33.6135  -33.6284 -33.6039  -33.5865 -33.5491  -33.5023  -33.4576  -33.4101 -33.3326  -33.2573  -33.2106  -33.181¢ 733.|
oot feesot S99 s-0UTe : : -33.1865  -33.1946  -33.2481  -33.2831  -33.2989  -33.2807  -33.2940  -33.2808  -33.2391  -33.2295  -33.1783  -33.1467  -33.
-10.5088 -12.97¢7 -22.316l -28.8118 -32.3888 -31.1601 i | -33.0602  -33.0604  -33.0513  -33.0733  -33.0664  -33.0754  -33.0782  -33.0391  -33.0197  -32.9782  -32.9139  -32.8880  -32.
© Calculation of global geopotential model and its spectral character analysis _ o % -32.7179  -32.6735  -32.6665  -32.6228 -32.5465  -32.5329  -32.5213  -32.5057 -32.4663 -32.4226  -32.4106  -32.4021 -32.
-32.3696  -32.3539  -32.3315  -32.3193 -32.3391  -32.3345  -32.3433  -32.3371 -32.3289 -32.3210 -32.2663  -32.2296  -32.
= ' — = -32.0936  -32.0605  -32.0466  -31.9965 -31.9490  -31.8967 -31.8378 -31.7986  -31.7354 -31.6577 -31.6063  -31.5729 -31.
0 @ v t; < g T -31.5952  -31.6384 -31.6919%  -31.7279 -31.7679  -31.8100 -31.8458 -31.8794 -31.9274 -32.0070 -32.0667 -32.1769 -32.
! . ; S EETEulETEn -32.4229  -32.4172 -32.4176  -32.3632 -32.3636  -32.2815  -32.2364  -32.1763 -32.1120 -32.0649  -32.0051  -31.9262 -31.
Geopotential model  Open calculation points  Import parameters  Save as P el T EEEE -31.6111  -31.5628  -31.5240  -31.4687  -31.4127  -31.3853  -31.3616  -31.3707  -31.3338  -31.3652  -31.3738  -31.4185  -31.
-31.6105  -31.6621  -31.6835  -31.7147 -31.7078  -31.7320 -31.7555  -31.7845 -31.8310 -31.8493  -31.8585  -31.8589 -31.
& Calculation of gravity field elements s, Calculation of model value for residual a Global geopotential coefficient Calculation and analysis of spectral -31.6761 -31.6090 -31.5631 -31.4921 -31.4118 -31.3505 -31.3049 -31.2382 -31.188¢6 -31.1044 -31.0398 -30.9757 -30.
from global geopotential model =" terrain (complete Bouguer) effects & model Calculator character of Earth's gravity field -30.7670  -30.7139  -30.86970  -30.6852  -30.6801  -30.6703  -30.6680  -30.6876  -30.7101  -30.7424  -30.7690  -30.7999  -30.
-33.6220  -33.6227 -33.6077  -33.5838 -33.5532  -33.5182 -33.4596  -33.3901 -33.3147 -33.2663  -33.1999  -33.1629 -33.
o lobal tential coefficient model il - -33.1368  -33.1592 -33.2028  -33.2394 -33.2869  -33.2724 -33.2980  -33.2904 -33.2589 -33.2380 -33.2095  -33.1703 -33.
‘ pen global geopotential coetricient model Tie & Save computation process as = Algorithmic Formulas -33.0757 -33.0537 -33.0554 -33.0506 -33.0642 -33.0578 -33.0452 -33.0451 -32.9993 -32.9806 -32.9390 -32.8987 -32.
Select calculation file format — . — . : . - - -32.7121  -32.6945  -32.6461  -32.5866  -32.5934  -32.5776  -32.5331  -32.5175 -32.5060 -32.4441  -32.4564  -32.4427 -32. |
>> Open ellipsoidal height grid file of calculation surface C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/ "~ -32.3894 -32.3762 -32.3670 -32.3779 -32.3673 -32.3727 -32.349¢ -32.3755 -32.3629 -32.3337 -32.2084 -32.2570 -32.
Ellipsoidal height grid file ¥ | | surfhgt30srst.dat. -32.0981  -32.0918 -32.0529  -32.0138 -31.9733  -31.9140 -31.8755  -31.8373 -31.7461 ~31.6752 ~31.6082 ~31.5619 -31.
o . : >> Save the results as C:/PAGravf4.5_win64en/examples/Gravimdlexercise/SRBFapprwithGNSSIksi/GMsurfhgt30s540.txt. -31.5693 -31.6360 -31.6833 -31.7132 -31.7982 -31.8201 -31.8427 -31.8897 -31.9196 -31.959¢ -32.0301 -32.1148 -32.
B Open ellipsoidal height grid file ** The record format: 1D (point no/name), longitude, latitude, ellipsoidal height, several columns of the model values of anomalous field elements. =32 e 32,3820 323124 323500 323298 32 20le 32223y __-32. 1640 -32.0060 32,0433 3l b0l il 00l Sl
of calculation surface ** The program also outputs (residual) height anomaly (*.ksi), gravity anomaly (*.gra), gravity disturbance (*.rga), vertical deflection vector (*.dft), 4
Select elements to be calculated disturbing gravity gradient (*. grr), tangential gravity gradient vector (*.hgd) or Laplace operator (*.Ips) model value grid file into the current directory.
height anomaly (m) Where * is the output file name entered in the interface, and the program outputs the corresponding (residual) model value grid file according to the
i selectedOravy e o C RS e
] gravity anomaly (mGal) >> The faramper; seings ha. tered.into the system! . . . .
< gravty disturbance (G ~aor FUITSfeMent THOdels v fun Residuals Remaining residuals Reference models
- ; i ‘ ; : :
vertical deflection (", SW) . ('I:'he altct:‘lat\on ptrqcess need wait, furmg which you can open the output filg to lod lation progress... [
sturoing graviy graclent €, rac enpete SO FRGE30SrSE XXX fhgt30s1 fhgt30s2 GMsurfhgt30s540
o . A 4
disturbing gravity gradient (E, radial) >> Complete thesgcﬂtrn ot t et (re m%g?&/ ield elemengt! S u r g S S u r g S S u r g S
D tangentiiﬂ gI'EIViTy Ql’adient (E, NW) >> Com T T2 O 2SSOt v
Laplace operator (E s = : - )
LLap P € tﬂ Save the results as £~ Import setting parameters 4 Start Computation
Minimum degree ‘2 =
) = 1 102.20417 24.30417 1702.027 -33.4342 1.3482 -g.9123 -1.2109 -7.1176 3.9728 —_— _— . . o - o
Maximum degree ‘540 - 2 102.21250 24.30417 1880.999 -33.4056 1.8359 -8.4148 -1.2243 ~6.9794 4.2096 E 7 ;5%;% I ==
3 102.22083 24.30417 1895.916 -33.3772 2.3592 -7.8828 -1.2349 -6.8610 4.4575 - — : Vo s
4 102.22917 24.30417 1797.388 -33.3490 2.9054 -7.3284 -1.2435 -6.7530 4.7110 ’ vz
5 102.23750 24.30417 1688.137 -33.3212 3.4302 -6.7956 -1.2509 -6.6413 4.9480
6 102.24583 24.30417 1551.997 -33.2937 3.9415 -6.2765 -1.2570 -6.5276 5.1721
7 102.25417 24.30417 1622.247 -33.2675 4.3140 -5.8956 -1.2631 -6.3884 5.3193 254 254
8 102.26250 24.30417 1674.884 -33.2418 4.6607 -5.5408 -1.2679 -6.2495 5.4471 e
Extract el is fo be plot * Plot 9 102.27083 24.30417 1746.522 -33.2168 4.9619 -5.2316 -1.2715 -6.1077 5.5455 Ty -
Xiract €lements 1o be plo "= Plot] 10 102.27917 24.30417 1844.270 -33.192¢ 5.2130 -4.9726 -1.2741 -5.9634 5.6126 252 :; = #5/’ s
Wer 3L ":"2'“ mlz.a'l L L [ Ui i b T P i) X ied S (02E 0d : ;}i{‘ e
Y
25,5/ = ——
| ——
254 =
24 &
25.2]
7%
2 £ 7
24, * -~ ~z &
7 = 2
s 7 :
A, e
-
18 244 = = 544
1 1 L 1 L =
44 1024 1026 028 103 103.2° 103.4° 103.6° 0m22 1024 126 1028 108
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@ When the minimum and maximum degree n to be set is equal, the program calculates the contribution of the degree n geopotential coefficients to the anomalous gravity field element, which can be employed g r aV I ty g r a.d I e n t (E) d efl eCtl O n Ve Cto r ( )

to analyze and evaluate the spectral and space properties of the geopotential coefficient model.




30"x30" full element models of gravity field on terrain surface
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!

s All-element modelling on gravity f

eld using SRBFs from heterogeneous obs

i | i ==,
=

Observation file Save as Import parameters

— Open the discrete heterogeneous
- residual observations file

number of rows of file header 1

column ordinal number of ellipsoidal
height in the record

column ordinal number of weight 7

4

»

4

Select SRBF

<

radial multipole kernel

height anomaly *.ksi (m

Order m
3 *.dft (", SW), where *

Minimum degree 360

A P[] 4] M[|[4] P

Maximum degree 1800

mdlgeoidh30s.dat.

Using

>> Complete the computatlon!

>> Computation end time: 2024-09-28 22:15:24
>> The program outputs the all-element grid files into the current directory. These grid files include the residual gravity disturbance
), residual gravity anomaly *.gra (mGal), residual disturbing gravity gradient *.grr (E, radial) and residual vertical deflection vector

In step (3) to step (6) above, the input data file and all the parameter settings
-.«c are kept the same, and only the calculation surface is changed to the geoid
the same computation
synchronously-obtam-the 30" full-elementmodels geoidh30srst:xxx -ofthe
graV|ty fleld on the ge0|d

pProcess,

you can

*.rga (mGal), residual

is the output file name, and whose grid specification are the same as the input ellipsoidal height grid of calculation surface. |
>> The program also outputs SRBF center file *center.txt into the current directory. The file header format: Reuter grid level, SRBF center number, cell grid |
number in meridian circle direction, maximum cell grid number in prime vertical circle direction, latitude interval ('). The record format: ID, longitude (degree '
decimal), geocentric latitude, cell grid area deviation percentage, longitude interval of cell grid in prime vertical circle direction (').

Burial depth of

»

-0.0014 standard deviation 0.0291 minimum

-80.4161 maximum 64.8276
-0.6410 maximum
-0.1886 maximum

0.7047
0.0595

0.2695 standard deviation 42.0737 minimum -296.0915 maximum 165.2611 E
0.0620 standard deviation 12.9896 minimum

: 10.0km - >> Type O of source observations: mean
Bjernammar sphere - : . _
Action dist Residual observations: mean
0: ggRll‘Scir;?eer 100km - >> Type 1 of source observations: mean -0.0107 standard deviation 0.2739 minimum
> Residual observations: mean
Reuter network level K 3600 -
. Solution of normal equation LU triangular decomposition ~
Select the adjustable .
bservations height anomaly (m) v
9 i ID lon lat ellipshgt gravity disturbance (mGal)
Contribution rate k of , - 1 101.50417 24.00417 -35.528 [ -38.9218
adjustable observations 2 101.51250 24.00417 -35.519 | -47.5954
S— . = 3 101.52083 24.00417 -35.510 | -54.2226
Open the ellipsoidal height grid file
uﬂ ofpcalculationpsurface gntg 4 101.52917 24.00417 -35.501 | -63.1927
5 101.53750 24.00417 -35.491 | -73.0584
6 101.54583  24.00417 -35.481 | -73.0444

height anomalvy (m)

! Save the results as

- Import setting parameters

gravity anomaly (mGal),gravity gradient (E)

@ Start Computation

vertical deflecti

-0.
-0.
-0.

3520 -38.8135 -52.4075
4118 -47.4688 -67.6813
4570 -54.0820 -78.4029
.5163 -63.0339 -94.502¢6
.5808 -72.8797 -112.7679
.5814 -72.8656 -107.7382

8.
9.
9.
10.
11.
10.

4087
3274
8732
7196
4077
9638

3.5421
.5112
.2911
.3665
.4073
. 6574

b L W W

= Algorithm of gravity field approach using SRBFs

@ After the first estimation is completed, it is recommended to employ the output

i residual observation file *.chs as the input observation file again to refine target field

elements. Generally, the stable solution can be achieved by 1 to 3 times cumulative

i SRBF approach, and the target field elements are qual to the sum of these SRBF

i field. Various observations with heterogeneity, different altitudes, cross-distribution *

approach solutions.

@ The validity principle of once SRBF approach: (1) The residual target field
element grid are continuous and differentiable, and whose standard deviation is as

i| small as possible. (2) The statistical mean of residuals tends to zero with the

increase of cumulative approach times, and there is no obvious reverse sign.

Extract data to be plot = Plot —

@ The program is a high performance and adaptable modelling tool on local gravity

and land-sea coexisting can be directly employed to estimate the all-element models

i of gravity field without reduction, continuation and gridding.

@ The program has strong capacity on the detection of observation gross errors, |

measurement of external accuracy indexes and control of computation performance.

Spatial distribution of observations

s [T

- I
T | iy — i
Im= E L i 1T I
= -2 i 1
S L —

spherical radial basis function spatial curve

residual gravity disturbance (mGal)

[l

residual height anomaly (m)

residual disturbing gradient (E)

residual vertical deflection S (")



30"x30" full element models of gravity field on geoid
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@ The analytical function relationships between gravity.field...
elements are strict, and the SRBF approach perforrﬁaavmvﬁﬁes‘"d /
nothing to do with the observation errors. e W e Ay /
@ Various heterogeneous observations in the different aiflfudes |
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.

@ Can integrate very few astronomical vertical deflection or
GNSS-levelling data, and effectively absorb the edge effect.

@ 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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