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Problematic and & objectives.

Analysis of 3D geodetic networks (GPS).
Robustness analysis of GPS networks.
Program realized : Robana_3DNet.

Application: GPS network of Oran City (2009).
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Problematic & objectives

SOFIA 2015

= Conventionally, 3D geodetic networks are established by the union of .JL

horizontal and vertical networks.

= From decade, GPS networks have become more and more important
(reference networks, topographic surveys, surveillance, auscultation, ..)

= |east Squares (LS): no robust method / Does not provide any information on

the robustness of networks.

= Usual statistical analysis: evaluation of random errors! / Systematic errors or

biases <values and effects / network>?

» Assessment of the reliability of networks approach (Theory of Baardal).

» Approach to quantifying the deformation potential of networks

(Concept of robustness).

22

Objective: Complete analysis of 3D geodetic networks (GPS) in terms of

quality, reliability and robustness. / realization of a program
(ROBANA_3DNET). 3
Analysis of GPS networks i
SOFIA 2015

1. Adjustment of GPS network:

Obs. relations of GPS Baseline

v, = AY® — AY™ + dY, — dY;

{vx = AX® — AX™ + dX, — dX,
v, = AZ° — AZ™ + dZ, — dZ,

Least Squares Solution :

v'Parameters: X =N"'k=-—(DT.P.D)'DT.P.B

v'Residuals: V=DX+B

v'A posteriori variance factor :

6 2 VTPV IR pvd
o - (m-n) T m-n

o p; v;2 Minimum.

Matrix writing :

V=D.X+B
D:(001°0..-10..0)

Weight of Obs.

2@
0
% 6.0

a2
pP= O . :‘. : pi—o.lz

2
Jo
0 0 —5
am

0‘02: A priori variance factor

FIG Working Week 2015



1436-08-14

Analysis of GPS networks

SOFIA 2‘3

2. Statistical Analysis . Hypothesis : random Errors !

(a) Analysis of quality of GPS obs. :

=  Factor of a posteriori variance : Khi-2 Test
=  Gross errors of observations : Student Test

(b) Analysis of quality of estimated parameters:

=  Precisions of network parameters Cg = 8,°.N"" = &,7.(D".P.D)™
= Absolute Error Ellipsoids Vi) covlxy,x;) = covlxyx,)
(2D: error ellipsis; 1D: error interval) covlrzxa) Vs . covliyx)
Cs =
cov(x,,%1) ca;tx",x._,) = V(x,)
5
Robustness Analysis of GPS networks 1A

SOFIA 2‘3

1. Reliability of GPS networks :
Network ability to detect to detect blunders and to estimate the effects that undetected
blunders may have on a solution (adjusted parameters). « Baarda’s theory »

Reliable network : minimise non detectable errors in obs. = minimise effets of
these errors on adjusted parameters.

 factle s b o novnal e 1

Q Reliability elements :

Biased
distribution

" Redundancy numbers: R =J_-4(4 PA)I! AP Unbiased

distribution

1) ‘
® Inner Reliability : Vi = GM.TO ] 4 d /2
P I ‘

= External Reliability: Ve =(A* P A)* A PV

o : Type | Error (prob. of rejecting a good obs)
B : Type Il Error (prob. of accepting a blunber)

& : Non-centrality parameter
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Robustness Analysis of GPS networks

SOFIA 2015

2. Robustness of GPS networks :
Combinaison of reliability and deformation

» Deformation ?

= Displacement field : AX; =

w

du du
where ey oy Py )+ iz —z) =0,
@+ = (% - x)+ 3y (-r)+ = (z-2) =1y

dv; dy dv;
bi"':a';(xi "Xs)‘r'a—y'(*; -Y,}+3?(Zj—z,-)= vy

g+ x

au u

= Strain tensor : ax ay
dv dv

Ex,y.2) =5 a

aw  Iw

ax ay

Axi U;
AJ’i] = [Vi
Wi

dw; dw; dw;
= K- X) +g(yi‘ W+5(F-2) =w

of network [Vanicek et al., 1991].
Max External reliability

l AX =Vx = (AT.P.A)"LAT.P.V,;

e

duy

Jj=1, .. t (number of liaisons )
i=1, .. n (number of points)

du

gz fux fuy Fuz
v

— | =]t € €

Tz vx vy vZ

Ewx Ewy Euwz (xy2)

97y y.2) 7

aw

Robustness Analysis of GPS networks

SOFIA 2015

= Computation of optimal displacements :

di =4 u,-z +Ui2 + Wiz

Ju Ju
w [ o ] pex
H =& % [P
Wil How ow aw| Mm%
dx dy dzdj
X,, Yy, Z, : initial conditions (xofl'.fiz[lsmzlm’:"‘ = (xo,‘,}:iz';gmz tig gt

i=1

= Displacement thresholds : [GSD/Canada, 1996]

.= 2 2 2
5 Jcaqsi F Obgg;” T Ongg

= Measure of robustness :
d; < &8; : Robust Point
d; > 6; : Weak Point

i=1, .. n (number of points)

i=1

For probability of 95% :

Ga,,; = 2:45.04,

a9si
Gb“i = 2.45. Gb,

Ohggy = 1.96. 0y,
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Robustness Analysis of GPS networks

3. Strain tensor 3D:
T
gx ay oz fux Efuy Euz
. v av av
Strain tensor : EQoy.z) =|5; > a2 =|&x Evy Eu
aw  aw  ow Ewx Ewy  Ewali o
dx ay dz (y.2)
E=5S+A4
1 1
£ux 2y tew) (e +ew)
1 1
S=|=(euy+ 0y ) € (8 + £y ) .
RIS g X AR Symetric part
3t o) (e T Ewn) Evy
" 1 ) 1
0 S . Z(Euy Eyx zl(euz wa)
Anti-symetric part » A= 0y 0 -y ]— E(E“ft"*} 0 _ E(Ew,gwy)
—ay, Wy 0 1 1
_i(euz — Eyx ) E(sz ~ fwy ) 0
9

Robustness Analysis of GPS networks

3. Strain tensor 3D: -

Primitives of Deformation :

10

2
1 1fév
Uyz = “Uzy = 2 (Evy + fwz) = E({Ty

Total :

Total :
0= Jwg?+we? + wy,?
e B e ¥ = Jro? Hra? g’

Component : 9z

1
Wyy = 3 (Evz = Ewy)

Wxz =35 (Buz — Ewx )

Dilatation ]
Average : Simple :
! 1 1 1fdu v
o= 5(,1l + 2, +2@)4§(qu +8, +swz) Ty = —Tyy = E(fm_ — &) = E(a - E)
1 1(du dw
Total : Taz = “Tzx = ;(Eux - sz) = ;(6_ - B_)
A= a2+ 7 +2° vz
1 2 3 o 1 _1fav ﬂw)
Tyz = Tlay = ;(Evz —Ewy) = 2\az oy
Pure :

b | Gv
4@ Vg = Tl =0 (SHJ' i ‘sm‘) = E(a & ;)
1 1fou
Uyg = —Uzx = E(Euz + &) = ‘(_ +
ow’
)
az

6w)
ax

1
. (Euy =) .. For an easier interpretation of strain tensor

10
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I3

Robustness Analysis of GPS networks

3. Strain tensor 3D:

Invariants of deformation primitives [Vanicek et al., 2001] and [Berber, 2006]:

Mean Dilatation

Robustness in Scale

a:%(ﬂl +4, +23)=%(£w+8wy+sw)

Total Differential Rotation

Robustness in twist

Q= ‘mxyz + Wy? + wy,?

Here the robustness is expressed in deformation.

Max Shear

Robustness in Configuration

¥mar = max(4; ) —min(4; ) ,i =13

.. In this study, 03 components are choosen
among different strain tensor primitives,
which are deformation invariants in the 3D
case.

11

I3

Coordonnées
Approchéeset
observations GRS

4. Algorithm :

» This procedure is implemented at the developped
program Robana_3DNet

Calcul des condi
initiales{Xo. ¥a. Zo).

Résultats graphiques de
larobustesse

Sauvegarder lesrésultats

dansun Fichier pour e
graphique

Résultats dela
rabustesse

12
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Realised Program : Robana_3DNet

SOFIA 2015

[ PROGRAMME “Robana_3DNet "ANALYSE DES RESEAUX GEODESIQUES 30-GPS™

Dennée : Options Rézeau Analyse Graphique Aide

P o ’ P

Division de Géooésie Spatiale. Centre des Techniques Spatiales (CTS)
N BPn'13. 31200 - Arzew / Algérie. Tél. 213 41 47 2217 Fax. +213 41

re——

—] [ " ] |

> ROBANA_3DNET (ROBustness ANAlysis of 3D geodetic NETworks) : MATLAB program,
Adjustment & Reliability and Robustness Analyses of GPS nets. [DGS /CTS, Arzew].

» Modules : Adjustment / Statistical Analysis / Reliability Analysis/ Robustness Analysis ;;

Tee de 2 ect v avec 1 oo e sificafion de 5%,

oK

Realised Program : Robana_3DNet

SOFIA 2015

2. Organigramme:

Process/WinPrism

—_— [ Analyse du réseau géodésigue 3D (GPS) ]
L

-Aide sur les fichiers

itter
(o) | dsucissoorsons

-Aide sur lesle programme

Fichier importé
points (*.dat}

Fichier imparté
observations (* dat)

Mads Fapterment ~Aide sur les figures

Seulls de signifieation

Elipses derreurs °"uu @ on

B
(3

! Calcul d

[=

¥

[
. ¥
Afichage graphique Aspect graphigue d'analyse Affichage numérique des résultats
Déformation en échelle de la robustesse
Affichage graphique
Déformation en
Fichiers texte
L e Résultats d'anslyse
Déformation en orientation

14
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RESEAU DE DENSIFICATI LT.P.:
43 SESSIONS 'OBSERFATIONS GPS

: Borne, W Repios naccesshle, " Mins,
x == Doule Hesure, [ 1 session 6o

: Paint de réfévence (éseattde Bose)

WinPrism / PROCESS

= 28 sessions (45 points)
= g GPS baselines = + 4.3 mm (3.2 mm, 1.5 mm, +2.3mm : AX, AY and AZ, resp.)

16
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. . .
Application: GPS network of Oran City i
- SOFIA 2015

1. Adjustment : %o li
dJUSt ent Number of Number of Nurmber of Number of -Pr;'?l;:ﬂ;gs

Parameters Observations |Freedom Degree | Fixed points | 2 Priori Standard
deviaion

132 147 GPS 349 01 1. a = 5%

Baselines {point 37) B =20%
{441 components)
) Khi-2 Test Student Test
a ior
Standard deviation
=

= 0.167 iti 7 baselines

[ POSEENE suspected
| =V = ag(m) ay (m) ay (m)

I i v

Average 0.008 0.004 0.009

.. RMS 0,002 0.001 0.002

Precnsnonsﬂ
Minimum 0.005 0.003 0.006
Maximum 0.013 0.007 0.014
17

Application: GPS network of Oran City

- SOFIA 2015
a(m) b (m)
1. Ajustement : mafor semi-ais minor semi-axis
Average 0.008 0.004
» Error Domains — 0002 —
. 0.005 0.003
o (pts: 33,40) | (pts:26,40,42,49
. 0.013 0.007
Maximum (pts : 15) (pts: 35)
[—rwssmeron] e )
o Echalle des elipses: @
6000 |- Tom Jy .
- @
= @
=
= T o 00

g
“
@
QD

@@

e,

4000 (- @ y
sanol- @@
w000l L"(? : @ J@ L
A5 1 a5 [ [ £ 1
F(m) xu'

18

9 FIG Working Week 2015



1436-08-14

10

Application: GPS network of Oran City

SOFIA 2015

2. Analyse de fiabilité:

» Redundancy numbers

> Inner Reliablity (FI)

Measure of absorption of a blunder:
indication of reliabilty of obs.

e o o 8 ®
@ @ N @ @ =

Laredondance

B Max of redundancy :0.99

i ﬂ] | Al ‘
| ’ |

'

Min of redundancy : 0.15

Fi(ax) Fi(ar) Fi(az) o.016
0.014
Average 0.006 0.003 0.004
0.012
RMS 0.003 0.001 0.003 e
Minimum 0.002 0.001 0.002 ;; o
Maximum 0.016 0.010 0.012

g

i
. %*

|

I

mﬁl f

706 50 700 750 00 350 700 ato

observation

|
ﬂiw JW}'W%MJ# fJi'“

mi

50 100 50 200 250 300

observation

19

Application: GPS network of Oran City

> External Reliablity (FE)

Fe(dE) Fe(dN) Fe(dU)
Average -0.004 -0.001 -0.001
RMS 0.004 0.002 0.003
Minimum -0.015 -0.006 -0.008
Maximum 0.006 0.004 0.007
..inm

i ’h‘f‘v'*”q\ JJH 1 i Jlrl MIU"J
™

= External relibality of network is of about few mm-> reliable network.

= However, max values < 15 mm have important dimension of error ellipses.

20
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Application: GPS network of Oran City

- SOFIA 2015
2. Analyse de robustesse : Disp.(d) [Treshold (5)

m) (m)
Network is robust ? Average 0.003 0.024
RMS 0.007 0.060

Minimum 0.0 0.0
Maximum 0.030 0.040

. d: displacement
In terms of displacements :
©  Station

Base GPS
A Point robuste
A Point non robuste

2t s
T T

= N(m)(10000)

N 10

&
N

&

241

A5

- 8000 -6000 4000  -2000 ] 2000 4000 6000 8000

21

Application: GPS network of Oran City

2. Analysis of robustness :

Dil ( &) |Shear-max (2) | Rot (Q)

Network is robust ? (ppm) (ppm) (ppm)
Average 90 1.0 270
Minimum 0.0 0.0 0.0

Maximum 400.0 4200.0 3200.0

In terms of deformations..

Bame PS5

03 & Station
— Oilatation{s>0)
o3l — (il tation(c <0) b
Robustness in scale
(dilatation)
0.2~
03
050
15 1 45 05 1
E(m)10%
ppm: part per million 22
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E Conclusion and perspectives o

SOFIA 2015

P
v Reliability Analysis of aspects and robustness of 3D geodetic networks (GPS) are treated.

v Valorization of the work: realization of Robana_3DNet program (in MATLAB), at (DGS /
CTS) = [Adjustment, Statistical Analysis, reliability and robustness analyses: GPS networks].

v Validation of the program: test network (45 points) of the GPS network of the city of Oran
(2009).

v Results: 0 GPS baselines + 4 mm (PROCESS / WinPrism); @ GPS points + 9 mm in position
and height. Error Domains (ellipses and ranges of errors) are more important in points of
network edge.

v Network reliability: redundancy [15%, 98%)]; bias (internal reliability) (J8 mm; external
network reliability 4 mm in horizontally and 1 mm in altimetry = reliable network.

v Network Robustness: Robust network throughout except few pts on perimeter where
displacements and deformations are significant due to low number of connections and to
configuration.

v Design of GPS networks : criteria of reliability and robustness.
23

FiG ﬁ

SOFIA 2015

E Conclusion and perspectives

Outlook:

To enrich ROBANA_3DNET program, it is necessary to:

» Validate the program on other GPS networks, including large networks.
» Develop an automatic diagnosis of the network analysis results.

» Integrate a module of significance of primitive strain tensor, based on Monte Carlo
method.

24
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Thank you for your attention

25
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