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Motivation

Focusin thispresentation :
*  Measurement process:

- Stochasticity E—)> Stochastics

(Bayesian approach)
- Imprecision [E Interval mathematics
- (Outliers) Fuzzy theory

g
‘ LT L

Guide to the Expression of Uncertainty in Measurement

v ]

Systematic effects
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Motivation
Requirements:

v

»Adequate description of Imprecision

J

Describing the uncertainties with fuzzy intervals:
m, (x),
| Precise stochastic midpointx,,
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Motivation Mean value g computationfrom n samples
1

- 19 - lad ,
- Standard deviation s2=23s%2 |0 s,= s2 .
X ng 5 . F%‘T’l ‘g
- .13 .
- Imprecision % =4axi | constantinfluence
=1

Comparison of the law of propagation between
different types of uncertainty

Distancemeasurement:

T n=1..20
b s, =10mm
X, =3mm

123 456 78 91011121314 151617 1819 20
Number of samples for the computation of the mean value
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Motivation

Adjustment with respect to observation imprecision

rawy oiege reations

Lesnl-syires adjustmenl

[ ——— | [ —
T

[ Estimews paine e (Y 7 ik asard vl ek Taprecidn ]
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Motivation Tasks and methods (impr ecise case)

> |Determination of relevant quantities / parameters |

» | Cdculation of observationimprecision

> | Propagation of observationimprecision

» Assessment of accuracy (imprecise case)
M Least squares adjustments
M Statigtical hypothesis tests
M Modd sdlection (including a senditivity anaysis)
M Optimization of configuration

ﬂs"—‘ Universitil Hamnower ! I I-I
Propagation of imprecision
Sensitivity analysis for the caculation of observation imprecision:

- Instrumental error sources

- Uncertaintiesin reduction and corrections | Influence factors (p)

- Rounding errors

I=f(p)

§ ==

dl =Fdp F :=Partial derivatives for all influence factors
> | Prototype MATLAB —Software| dp :=Imprecision of theinfluence factors
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Propagation of imprecision Examples A monitoring network of alock:
Imprecise evauation (p | 5 ): R 1

I =f () L. =[Flp,
4 ) 4

Observation
imprecision

Stochastics
(Bayesian approach)

a-discretization
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Thelock Uelzen |

Monitoring networ k

=) Monitoring the deformationsof the lock

Distances Zenith angles Horizontal angles
I, (a=0 0.5 mm 0.5 mgon 0.1 mgon
s 3mm+2 ppm 1.5 mgon 0.5 mgon
Deformation Analysis with Imprecision 10 Munich, 12. October 2006

-
Universitdt Hamnower I I -I I

<aGIH

Examplel Multiple outlier test (5 horizontal dir ections)

o
R

LR T,

-

anfl R}

LTI

T T ] PR TEIEN]

Weak imprecision
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Examplell Global test in least-squares adjustment

o

More observations—> Imprecision is becoming more important
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Congruence test (1999-2004)

6 identical points

Examplelll
gl T, =
1 ik
1/
{ ]I. /
- I et - i
A [T R
II lIIL 1
|
Specification Epoch 1999 Epoch 2004
observations 317 144
parameters 60 39

Strong imprecision
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Conclusions

Hamnoower | I -I-I

Based on imprecise hypothesis testing

Future work
¢ Kinematic analyses(e. g., kalmanfiltering)

Geodetic deformation analyisis can be extended for imprecise daa

. 1D case is straightforward, mD case needs a-cut optimization
The presented strategy allowsin our opinion a more suitable description of
measurement uncertainties than in the pure stochastic case

Independent extension of the pure stochastic case

Imprecision isan additive term of uncertainty what leads to amore reluctant

rejection of the null hypothesis than in pure stochastic case

In progress: Assessment and validation using real data tomake more
comprehensive statements about the so called point and system noise
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Example A monitoring network of a tunnd : Example IV Congruencetest | [ tunnd ]
P ]
M = mnr L L L LA LS Ll _-.
:I i i [ e i i J|,"r
s }-—-p—-—-m-u—n:— \; i Very strong
1 imprecision
“i) i ] = =2 B
A: 1 i o ool (5] ¥ i L
wAs
/ « 00T 3 I 16 identical points
Entrance area Entrancearea . ) )
Specification Lowtide Tide - mm( & (T)’ df\ (T))
observations 261 261 =0.08
parameters 148 148 | 0.08<r,;=0.5 ® AcceptH, |
Reference: SBA Oldenburg
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Propagation of imprecision (to the parameters)

precise case

n:= number of observations
u:= number of parameters

Q) X=x,+(A"R A"ATR(l,- &)
”A“ := Configuration matrix

bu := Weight matrix

In'n := Vector of observations

a, .= Vector of approximate values of the observations
X, := Vector of approximate values of the parameters

y =l -a, Vector of reduced observations
P,=S; withS, thevariance covariance matrix (VCM) of the observations
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Propagation of imprecision (to the parameters)

R =5t (3PA) AT PG, -, [, )
N |mpreC|secase

R, 1 = X, + (ATPAY'ATPEL -2 +[F|(p, )3
1
me) =gm, (Wda with  m =g, X

0

>3 a-discretization

Theinterval vector m, for the parametersisexact component for component,
but over estimatesthe correct range of values which isa zonotope.
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