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I Attekintés

* Méreési bizonytalansag szamitasara szolgalo
programok

= NIST Uncertainty Machine
- szampéldak
* Rendellenes hibaterjedes

- szampelda
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Mérési bizonytalansag
szamitasara szolgalé programok

* GUM Workbench (Metrodata GmbH)

* GUM_MC (Jean-Marie Biansan, GPL)

* Uncertainty Machine (NIST, public domain)

* GUMsim (QuoData GmbH)

* DataMelt (http://jwork.org/dmelt)

* Uncertainty Calculator (John Denker)

* OpenTurns (LGPL, http://www.openturns.org/)
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http://jwork.org/dmelt
http://www.openturns.org/

I NIST Uncertainty Machine

* Web-es felulet, R nyelvl programok, offline telepites
lehetseges (https://uncertainty.nist.gov/)

- bemeneti mennyiségek megadasa

* szam, elnevezés, eloszlas (, korrelacio)
- Monte Carlo mintak szama

- Kimeneti mennyiség(ek) képletének megadasa
(R programnyelven)

- szamitas végrehajtasa
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https://uncertainty.nist.gov/

NIST Uncertainty Machine

User's manual available

Instructions :

¢ Select the number of input quantities.
Change the quantity names if necessary.
For each input quantity choose its distribution and its parameters.
Choose the number of realizations.
Write the definition of the output quantity in a valid R expression.
Choose and set the correlations if necessary.
Run the computation.

Drop configuration file here or click
to upload

Random number generator seed: sy

Number of input quantities:

Names of input quantities:

Number of realizations of the output quantity: gl

x0
Definition of output quantity (R expression): _ -

[ | Symmetrical coverage intervals
® correlations

Run the computation

vas developed at MIST. This software is not subject to copyright protection and isin the pub
nental system. MIST azsumes no responsibility whatsoever fo 152 by other parties, and makes no guarar
implied, about its quality, reliability, or any other characteristic. We would appreciate acknowledgement if the softwar

Version 1.3.4




I 1. péelda

* Detrekdi 4.8 példa:

Hatarozzuk meg a kor keruletének és teruletenek
a kozephibajat, feltételezve, hogy a sugarra
végzett méres L = 10,000 m eredménye és a
méres u = 0,03 m kozéphibaja ismert
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| N

IST Uncertainty Machine

User's manual available h

Instructions :

Select the number of input quantities.

Change the quantity names if necessary.

For each input quantity choose its distribution and its parameters.
Choose the number of realizations.

Write the definition of the output quantity in a valid R expression.

Choose and set the correlations if necessary.
Run the computation. m
Random number generator seed: ¢

Number of input quantities:

MNames of input quantities:

Drop configuration file here or click
to upload

(M Gaussian (Mean, StdDev)
Number of realizations of the output quantity: Rl

Definition of output quantity (R expression):

- Symmetrical coverage intervals
B Correlations

l Run the computation .




 ——— e

Qutput 1 Qutput 2

Monte Carlo Method

Summary statistics for sample of size 1000000

oy
ave = 62.832 2
sd = 9.189 >
median = 62.832 =
mad = 0.19 E

Coverage intervals

99% ( 62.35, 63.32) k = 2.6
95% ( 62.463, 63.202) k = 2
90% ( 62.522, 63.142) k = 1.6
68% ( 62.644, 63.021) k = 1 62.6 62.8 63.0 63.2 3.4

= Monby Carls samphe dearan froem disiributicn of oulpl quantty OUtPUt quaﬂilt}' |.Y.'
<+« Gaussian dtribution with same mean and slandard deviation as Monte Carlo sample

ANOVA (% Contributions)

w/out Residual w/ Residual
L 100 160
Residual NA 0

Detrekéi 4.8 példa eredmenyek

Gauss's Formula (GUM's Linear Approximation)

62.832

0.188 kerulet kdzéphibaja: 0.188 m

y
u(y)

SensitivityCoeffs Percent.u2
L 6.3 le0
Correlations NA 0




(—_—

QOutput 1 OQOutput 2

Monte Carlo Method

Summary statistics for sample of size 1000000

oy
ave = 314.16 2
sd = 1.89 z
median = 314.16 =
mad =1.9 E

Coverage intervals

99% (  309.3, 319) k = 2.6

95% (  310.5, 317.9) k = .

90% ( 311.1, 317.3) k = 1.6

68% ( 312.28, 316.05) k = 1 316 318 320

—— Monte Cark sample demwn from distribution of oulpul quanity OIJth.Jt quanilty |.Y,l
sxes Gaussian dstibution with same mean and standard deviabion as Morse Carlo sample

ANOVA (% Contributions)

w/out Residual w/ Residual
L 100 100
Residual NA 0

""""""""""""""""""""""""" Detrekéi 4.8 példa eredmenyek

Gauss's Formula (GUM's Linear Approximation)

y

W o e tertlet kozéphibaja: 1.885 m

SensitivityCoeffs Percent.u2
L 63 100
Correlations NA 0




I Tovabbi lehetoségek
B ——

* Eredmények letdlthetok kep formajaban és
szoveges fajlkent (results. txt)

* Beallitas fajl letolthetd és a példa ujra futtathato

(config.um)

10/ 38



I 2. példa

* Detrekdi 4.9 példa:

Hatarozzuk meg valamely egyenesen egy 4 pontbdl
kiindulva acélszalaggal folyamatosan meért B és C
pontok tavolsaganak a kozéphibajat. A mérési
eredmények: L,;,=20,047m,L,.=40,020m . A
méresi eredmenyeketa w,; =6 mm és a i, = 8 mm
kozéphibak jellemzik. A ket mérés kapcsolatat az
rsc = 0,4 korrelacios egyutthatoval adjuk meg.
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Random number generator seed: =¥

I
Number of input quantities;

Mames of input quantities:

(W=] Gaussian (Mean, StdDev) v ED.D4? m_
[WYed GCaussian(Mean, StdDev) v D.DED W-

Mumber of realizations of the output quantity: JE{LIi]

Definition of output quantity (R expression): -

= Symmetrical coverage intervals

¥ Correlations
LAC

LAB
- R DN
- (S O

l Run the computation '




NIST Uncertainty Machine

Monte Carlo Method

Summary statistics for sample of size 1000000

-
ave = 19.973 2
sd = 0.00785 S
median = 19.973 %
mad = 0.0078 s
[=]
«

Coverage intervals

!
4

/
/\

99% ( 19.953, 19.993) k = 2.5
95% ( 19.958, 19.988) k = 1.9 \\\x
90% ( 19.9661, 19.9859) k = 1.6 .
68% ( 19.9652, 19.9809) k = 1

! : : 19.85 19.96 19.97 19.98 19.99
nMGUA ( ga c on t rlb“ t lon 5 } — sEamply draram Trom desiribul F outpart quantity DU[FJ'L-It quanilw {Y:l

FioUlGn wilh Same mean and slandard devialion as Momle Carko samghs

w/out Residual w/ Residual

LAB 12.67 12.67
LAC 87.33 87.33
Residual NA 0.00

Gauss's Formula (GUM's Linear Approximation)

Detrekdi 4.9 példa eredmények

y = 19.973
u(y) = 8.00785
» SensitivityCoeffs Percent.u2 BC tavolsag kozephibaja: 7.8 mm
LAC 1 100

Correlations NA -62




I 2. példa, korrelacio nélkul

* Detrekdi 4.9 példa:

Hatarozzuk meg valamely egyenesen egy 4
oontbadl kiindulva aceélszalaggal folyamatosan
mert B es C pontok tavolsaganak a kozéphibajat.
A méresi eredmeények: L,,=20,047 m,
L,-=40,020 m . Ameresi eredményeket a u ;=
6 mm és a i, = 8 mm kozephibak jellemzik. A ket

meres kapcsolatat ne vegylik figyelembe.
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Random number generator seed:

Number of input quantities:

Mames of input quantities:

(W.Y:§ Gaussian (Mean, StdDev) v 20.047
(WYl Caussian (Mean, StdDev) v 40,020 m

Mumber of realizations of the output quantity: Jleslise]

Definition of output quantity (R expression): -

] Symmetrical coverage intervals

¥ Correlations

LAB

LAC

Gaussian Copula

Run the computation




NIST Uncertainty Machine

Monte Carlo Method

Summary statistics for sample of size 1000000

=
@
ave = 19.973 =
sd = 0.01 2
median = 19.973 =
mad = 0.01 =
o
o

Coverage intervals

99 ( 19.947, 19.999) = 2.6
95% ( 19.953, 19.993) k = 2
90% ( 19.957, 19.989) k = 1.6
68% ( 19.963, 19.983) k = 1
. : 19.95 19.96 19.97 19.98 19.99 20.00
ANOVA ( % Contributions } sampie draram Trom destribution of outpal quantity Dutput quaniit'f' {\”
p— chatriution with =ame mean and standard deviation as More Cana sampls

w/out Residual w/ Residual
LAB 35.94 35.94
LAC 64.06 64.06
Residual NA 0.00

Gauss's Formula (GUM's Linear Approximation)

Detrekdi 4.9 példa eredmeények

y = 19.973
u(y) = 6.01

- Sen=-cneiy G BC tavolsag kozéphibaja: 10.0 mm

LAC 1 64

Correlations NA 0




I 3. példa

* Detrekdi 4.13 példa:

Ismert koordinataju 4 pontbol giroteodolittal és
tavmérodvel mérest vegeznek az ismeretlen koordinataju
P pont meghatarozasara. A giroteodolittal mert azimut
érteke: L,=30°42'06", a tavmerovel mert tavolsage pedig
L,=310,410 m . Az azimutota u,= 12", a tavolsagmerest
au,=0.01 mkoézéphiba jellemzi. A két méres
fuggetlennek tekinthetd. Hatarozzuk meg a P pont 4
ponthoz viszonyitott koordinatait es azok
kovarianciamatrixat
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Random number generator seed:
Mumber of input quantities:

Mames of input quantities:

CEDEEN CHDE.

[Rd Gaussian (Mean, StdDev) ‘ 310.410
(E] Gaussian (Mean, StdDev) ‘ 30.70166667 0.003333333

74
Mumber of realizations of the output quantity: DDD{}{}

Lt*cos({La*pi/180)

(MLt*sin(La*pi/180)

Definition of output quantity (R expression):

“ Symmetrical coverage intervals
® correlations

I Run the computation l




- Qutput 1 Output 2

Monte Carlo Method

Summary statistics for sample of size 500000

>
ave = 266.9021 2
sd = 0.013 =
median = 266.902 =l
mad = 0.013 E

Coverage intervals

99% ( 266.87, 266.935) k = 2.6

95% ( 266.877, 266.927) k = 2

90% ( 266.881, 266.923) k = 1.7

68% ( 266.89, 266.915) k = 0.99 266.88 266.90 266.92 266.94
! i sample drmwn fram disiribution of oulpul quanity OUtpUt quaniity |:Y}

A.HUUA. { % c on t rib“ t iOI‘I s } sana distribution with same mean and slandard deviation as Monde Carlo sample

w/out Residual w/ Residual

Lt 46.62 46.62
La 53.38 53.38
Residual NA 0.00

Detrekdi 4.13 példa eredmeények

Gauss's Formula (GUM's Linear Approximation)

X koordinata k6zéphibaja: 0.013 m

y = 266.9021
u(y) = 0.013
SensitivityCoeffs Percent.u2
Lt 0.86 47
La -2.80 53

Correlations NA 0




Output 1 Output 2

Monte Carlo Method

Summary statistics for sample of size 500000

ave
sd

median

mad

158.485
0.016
158.485
0.0816

Coverage intervals

99% ( 158.443, 158.528) k = 2.6
95% ( 158.453, 158.517) k = 2
90% ( 158.459, 158.512) k = 1.6
68% ( 158.469, 158.502) k = 1
ANOVA (% Contributions)

w/out Residual w/ Residual
Lt 9.79 9.79
La 9p.21 9p.21
Residual NA 0.60

Gauss's Formula (GUM's Linear Approximation)

Lt
La

y = 158.485
u(y) = 0.016
SensitivityCoeffs Percent.u2
0.51 9.8
4.70 90.08
Correlations NA 8.0

Frobahility Density

158.44 158.46 158.48 158.50 158.52
——  Monte Caio SAMp e rom dstribution of oupul quanity C'IJth.Jt quani |t}' |Y'

=«s  Gaussian detribution with same mean and slandard deviation as Morte Carlo sampla

Detrekdi 4.13 példa eredmeények

Y koordinata kozéphibaja: 0.016



I 3. példa - kovariancia matrix

* A NIST Uncertainty Machine nem szamitja ki a
kovariancia matrixot

* A Monte Carlo szamitas eredmenyei viszont
letolthetdk (values. txt) és ezekbdl a szamitas
elvegezheto

llylll lly2|l

266.896465773678 158.510627930491
266.901775051475 158.49156616866

266.90907895783 158.444060010151

266.883259174918 158.518634359747
266.928823328455 158.484721799438
266.88425496917 158.516710228299

266.929457687034 158.457267899579
266.877322252119 158.503631394655
266.904873642514 158.482674759476
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I Kovariancia matrix szamitasa

* Python program

# -*- coding: utf-8 -*-
import numpy as np

data = np.loadtxt( 'values.txt', skiprows=1)
nd = data.shape[0]

nv = data.shape[l]

covmx = np.cov(data.T)

v=["x","y']

print("Kovariancia matrix Monte Carlo szimulacidval")
print(" adatok szama: {:d}".format(nd))
print("kovariancia matrix")
for i in range(nv):
for j in range(nv):
print("{0:2s}{1:2s}: {2:8.4e}".format(v[i],v[j],covmx[i,]j]))
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I Kovariancia matrix szamitasa

* szamitasi eredmenyek
python corr.py
Kovariancia matrix Monte Carlo szimulaciodval
adatok szama: 500000
kovariancia matrix
X X : 1.5909e-04
Xy @ -9.9308e-05
y X @ -9.9308e-05
Yy ! 2.6703e-04

DetreksOi eredmények

Az F3, és az My, matrixokat a (4.67) osszeftiggésbe helyettesitve megkapjuk a
koordinatak M,, kovarianciamatrixat:
Rdfr‘: F;LRJLLF}L =
10,8598 — 158,486] [0,01= 0 0,8598 0,51006

N2
0,5106 266,902 0 {—{1;‘-}] - 158,486 266,902
l

1,589-10"% —0,993- 104] Q
|- 0,993.10-* 2,671 10"



I Rendellenes hibaterjedés

* Pontatlanabb mérések adhatnak-e pontosabb
eredmeényeket?
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I Rendellenes hibaterjedés

* Pontatlanabb mérések adhatnak-e pontosabb
eredmeényeket?

* |gen!
A bemeneti mennyiség bizonytalansaga no,

meégis a szamitott mennyiseg bizonytalansaga
csokken!

* szampelda P. Pernot et al. (2015) cikke alapjan
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Hibaterjedes: eredo
bizonytalansag meghatarozasa

* Amérendd mennyiséget az egyes 0sszetevOk alapjan szamitassal hatarozzuk meg. Az
dsszetevdk bizonytalansagai alapjan a mérendd mennyiség eredd bizonytalansagat a
standard bizonytalansagok terjedési torvényének segitségével hatarozzuk meg (hibaterjedés)

« Az X. bemeneti mennyiségek (0sszetevék) és az ¥ mérendd, vagy kimeneti mennyiség
kapcsolatat megado fuggvény a fizikai torvényszerlségek alapjan ismert:
Y=f(X, X,...,Xy)
« A mérési folyamat sordn az X; bemeneti mennyiségek x; becsl6it hatarozzuk meg. A becslék
értékét a fuggvénybe helyettesitve megkapjuk a kimeneti mennyiség y becsléjét:

y:f(xl,xz, b xN)
* A becsult kimeneti mennyiség standard bizonytalansaga (négyzete):

=[5 wimnE ¥ SLE

X., X,
i=1 j=i+1axi6xj ( ! J)

* Akifejezés a standard bizonytalansagok terjedési torvénye, amelyben az u(xl-, x) a becslok

becsult kovariancidja, a af/ﬁxl- szamok az érzékenységi egyutthatdk

Ez a torvény azonos a geodéziaban jél ismert hibaterjedés torvényével
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Nem linearis fuggvény
hibaterjedése

* nfuggetlen valoszinlsegi valtozo flggvenye
Y=7f(X,X,..,X,)
* variancia 0sszetevok linearis esetben (6sszeglk 1)

1[0Y
GXf_u§ 0X,

2
2

Uy

* variancia osszetevOk (variancia gradiensek) nem linearis
esetben (6sszeguk nem 1 és negativak is lehetnek!)

oY
E[<Y_”Y)8Xi(Xi_”X,.)]
GXZ.: > 27138
Uy




I Szampeélda

* Bemeneti X mennyiség egyenletes eloszlasu a
[-a, a] intervallumban (pl. a kvantalasi zaj ilyen)

* A mérési fliggvény Y = exp(—|X])

* Monte Carlo szimulacié

Y, PDF(X)

0.4

<
i

0.8

0.6

0.2

0.0

—— PDF(X)
s Y:e—x
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I Analitikus variancia gradiensek

* Pernot et al. cikkében analitikus képletek

talalhatok:
_ l1—e@
y = (6)
a
]___e—2a
2 )
= — 7
Uy P Y (7)
1
(}X' = X
2au%
2a + 1
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I Kimeneti erték bizonytalansaga

Arbitrary units

1.0

02 04 06 0.8

-0.2 0.0

-0.4

\ -'.‘.'.."'-i--
A ° L] [ ] [ ] ] °
\ 2 _ X ~ Unif
a § m Uy (MC) --- uy(Ana)
.\ g A Gy (MC) --- Gy (Ana)
4\ E @ |Qg5 (MC)
@ \h\
J-I”‘l:-l-l—él-l--l--l—l-l—l-l--.--._._.__.__.___._._.
" N
s ‘3:
.......................... S ——
N
' W
LLL‘
L-—L--L-‘_i_‘_‘_‘_l
1 2 3 4 5 6
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I NIST Uncertainty Machine

* Az a fél szélessegl egyenletes eloszlashoz
V4 7 V4 . . V4 a
tartozd méreési bizonytalansag: uX:ﬁ

Random number generator seed:
Mumber of input quantities:

MNames of input quantities:

b4 Rectangular (Left Endpoint, Right Endpoint) ~ B -1.732 1.732

MNumber of realizations of the output quantity: gEph]

exp(-abs (X))
Definition of output quantity (R expression): -

™ Symmetrical coverage intervals
B correlations
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Eredmeények

NIST Uncertainty Machine

Monte Carlo Method

Summary statistics for sample of size 500000

A7
23
32

=25

ave

‘ sd

—_—
mesuLarl

mad

I
oD
Probability Density

Coverage intervals

99% ( 08.179, 0.991)
95% ( 0.185, 0.957)
90% ( 0.193, 0.917)
68% ( B=23 0.76)

0.6 0.8 1.0
Cutput guantity ()

ANOVA (% Contributions)
w/out Residual w/ Residual

X 160 0
Residual

Gauss's Formula (GUM's Linear Approximation)

¥ 1
u(y) 0




I Eredmeények (2u))

NIST Uncertainty Machine

Monte Carlo Method

Summary statistics for sample of size 500000
' sd

median

mad

28
.26
.15
.18

Probability Density

Coverage intervals

99% ( 06.0319, 0.982)
95% ( 0.034, 0.92)
90% ( 0.037, 0.84)
68% ( 0.054, 0.58)

-0.5 0.0 0.5
.— Mot Cafla 1ample dean 1n6m datributicn of outpul Guantty OulpL!l quan“ty {Y]

==+ Gaussian dsiribution with same mean and standard deviaSon as Monbe Cario sample

ANOVA (% Contributions)
w/out Residual w/ Residual

X 1600 0
Residual

Gauss's Formula (GUM's Linear Approximation)

y
u(y)



I Eredmeények (3u))

NIST Uncertainty Machine

Monte Carlo Method

Summary statistics for sample of size 5060000

ave

1' sd
medLan
mad

18
.24
SGT4

.095

@ o oD
Probability Density

Coverage intervals

99% ( 0.00569, 0.974)
95% ( ©.0063, 0.88)
90% ( 0.0072, 0.77)
68% | 0.013, 0.44)

-
-

0.5

= Mome Cado sample crawn inom distribution of cutput quantisy OLtlpL!l quar'lllty {YJ
«=+= Gaussian dsiribution with same mean and standard deviaSion as Monbe Cario sample

ANOVA (% Contributions)

w/out Residual w/ Residual
X lo0 0
Residual

Gauss's Formula (GUM's Linear Approximation)

y
u(y)



I Eredmeények (6u))

NIST Uncertainty Machine

Monte Carlo Method
Summary statistics for sample of size 500000

L
7

Afc
s WL

.008

ave

Probability Density

Coverage intervals

99% ( 3.2e-05, 0.95)
95% ( 4e-05, 0.77)
90% ( 5.2e-85, 8.59)
68% ( ©.00016, 0.19)

-0.4 -0.2 0.0 0.2 0.4

= Mome Cao sample deram dnom distribution of cutput guaniiy | 'U'Lllpul quar'lllty' {Y:l
=== Giusssian gestitution with SEms mean and standand deviation as Monts: Car Sampis

ANOVA (% Contributions)

w/out Residual w/ Residual
X 100 0
Residual

Gauss's Formula (GUM's Linear Approximation)

y 1
u(y) e



Mas meéreési fuggvény, mas
eloszlassal

« A mérési fuggvény Y= exp(—X?)

- Hasonlé paradox eredményeket kapunk
* Mas az X eloszlas fuggvénye, pl. Gauss

- Hasonlo paradox eredményeket kapunk

o Y =™
i e®®®0 oo, ,
© .. ......'000
I X ~ Norm
© . | = Uy (MC)
O ‘ ]
| Ao Gy (MC)
2<| o a ® Qg5 (MC)
5o |
E‘N. .::IIEIIIIIIIII........
== - :
+ . T
<o . il SRR
o i““
o AL
< AALal
-t AA,La,
o
' 36/ 38
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I Tanulsagok

* Negativ variancia gradiensek (csokkend kimeneti variancia

novekvd bemeneti varianciara) sokféle modellben
jelentkeznek

* Ovatosan kell banni a szérassal (kozephiba) illetve a
megbizhatosagi intervallumokkal mint a méresi
bizonytalansag jellemzdivel

* Fontos megvizsgalni a szamitott mennyiségek valodi
eloszlasat is, pl. Monte Carlo eljarassal

- Erre a célra mar j6 eszkozokkel rendelkezink
(pl. NIST Uncertainty Machine)
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