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I Attekintés

* Méresi bizonytalansag szamitasara szolgalo
programok

= NIST Uncertainty Machine
- szampéldak
* Rendellenes hibaterjedes

- szampeélda



Méreési 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/)


http://www.metrodata.de/ver24_en.html
http://jeanmarie.biansan.free.fr/gum_mc.html
https://uncertainty.nist.gov/
https://quodata.de/gumsim#0
http://jwork.org/dmelt
https://www.av8n.com/physics/uncertainty-calculator.html
http://www.openturns.org/

I NIST Uncertainty Machine

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

- bemeneti mennyiségek megadasa
e 5zam, elnevezés, eloszlas (, korrelacid)
- Monte Carlo mintak szama

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

- szamitas vegrehajtasa


https://uncertainty.nist.gov/

wocut [

Introduction

The NIST Uncertainty Machine is a Web-based software application to evaluate the measurement
uncertainty associated with an output quantity defined by a measurement model of the formy =
f(xg,.-..Xp).

User's manual available here.

Load examples

1. Select Inputs & Choose Distributions

Number of input quantities: 1 j
Names of input quantities:

x0

X0 Gaussian (Mean, StdDev) -|lo 1

Correlations
2. Choose Options

Number of realizations of the output quantity: 1000000
Random number generator seed: 34

Symmetrical coverage intervals

3. Write the Definition of Qutput Quantity
Definition of output quantity (R expression):

x0

=

Run the computation



I 1. példa

* Detrekdi 4.8 pelda:

Hatarozzuk meg a kor keruletének és teruletének
a kozephibajat, feltételezve, hogy a sugarra
végzett merés L = 10,000 m eredmeénye és a
meres u = 0,03 m kbzephibaja ismert



1. Select Inputs & Choose Distributions

Number of input quantities: 1 j

Names of input quantities:

L Gaussian (Mean, StdDev) TK 10 ) (0.03 )

Correlations

2. Choose Options

Number of realizations of the output quantity: 1000000
Random number generator seed: 354

Symmetrical coverage intervals

3. Write the Definition of Qutput Quantity
Definition of output quantity (R expression):
P~

2%pi*L )

P
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*
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Run the computation




Shared Ouputs
Download binary R data file with Monte Carlo values all output quantities
Download a text file with Monte Carlo values of all output quantities
Download text file with numerical results
Download configuration file

Quput 1
===== RESULTS o
2 5
Monte Carlo Method
P . w
Summary statistics for sample of size 1000000 = -
2
O
ave = 62.832 o
£ o
sd = 0.189 g 24
median = 62.832 %
mad = 0.19 a
w
: S
Coverage intervals
99% (  62.35, 63.32) k = 2.6 -
95% ( 62.462, 63.201) k = 2 = f T T T T 1
90% ( 62.521, 63.141) k = 1.6 62.4 62.6 62.8 63.0 63.2 63.4
68% ( 62.643, 63.021) k = 1 — Worte Caro e crn vom it o oottty Output quantity (Y)
e with i and as e Carg sample
ANOVA (% Contributions) Download JPEG file of this plot

w/out Residual w/ Residual
L loe 160
Residual NA 2]

-------------------------------------------- Detrekdi 4.8 példa eredmények

Gauss's Formula (GUM's Linear Approximation)

y = 62.832

kerulet kbzéphibaja: 0.188 m

SensitivityCoeffs Percent.u2
L 6.3 100
Correlations NA ;]




Quput 2

===== RESULTS ============================== [=]
o —
o
Monte Carlo Method
uw
Summary statistics for sample of size 1000000 = =
c
k]
ave = 314.16 o
2 e
sd = 1.89 % ; -
median = 314.16 2
mad = 1.9 o
uy
(=g
Coverage intervals e
99% ( 309.3, 319) k = 2.6 =1
95% ( 316.5, 317.9) k = 2 =] T T T T T ]
90% ( 311.1, 317.3) k = 1.6 310 312 314 316 318 320
68% ( 312.28, 316.85) k = 1 —— Morne Carlo sampile crram from distribution of cutput quarsity Output quantil)r {Y)
= Gaussan detribution with same mesan and standard deviation as Mome Carle sampls
ANOVA (% Contributions) Download JPEG file of this plot

w/out Residual w/ Residual
L le0 100
Residual NA 2]

"""""""""""""""""""""""" 77 o

Detrekdi 4.8 példa eredmeények

Gauss's Formula (GUM's Linear Approximation)

y = 314.16

) = 1,88 tertlet kbzéphibaja: 1.885 m

SensitivityCoeffs Percent.u2
L 63 100
Correlations NA ]



I Tovabbi lehetoséegek

Download binary R data file with Monte Carlo values all output guantities

Download a text file with Monte Carlo values of all output quantities Download JPEG file of this plot
Download text file with numerical results

Download configuration file

* Eredmenyek letolthetok kép formajaban ¢€s
szoveges fajlkent (results.txt)

* Beallitas fajl letoltheto €s a pelda ajra futtathato:
(config.um)



I 2. példa

* Detrekdi 4.9 példa:

Hatarozzuk meg valamely egyenesen egy 4 pontbol
kiindulva acélszalaggal folyamatosan mért B és C pontok

tavolsaganak a kozéphibajat. A méresi eredmenyek:

L, .=20,047m,L, .=40,020m.A meérési eredmenyeket a
u,,=6mmesau, =8 mmkozephibak jellemzik. A két
meres kapcsolatat az r, .= 0,4 korrelacios egyutthatoval

adjuk meg.



Names of input quantities:

(LAB ) (LAC )

LAB  Gaussian (Mean, StdDev) | 20.047

LAC Gaussian (Mean, StdDev) 40.020

0.008

0.008

Correlations ‘)

LABE

LAC 1
Gaussian Copula M

2. Choose Options

Number of realizations of the output quantity: 1000000
Random number generator seed: 54

Symmetrical coverage intervals

3. Write the Definition of Output Quantity
Definition of output quantity (R expression):

N\

LAC - LAB| )

&

1. Select Inputs & Choose Distributions

Number of input quantitie

Run the computation .
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Monte Carlo Method
o _]
=<
Summary statistics for sample of size 1000000 >
ave = 19.973 a
P
sd = 0.00786 %
median = 19.973 T o
[=] (8]
mad = 0.0078 o
Coverage intervals 2 5
99% ( 19.953, 19.993) k = 2.5
95% ( 19.958, 19.9884) k = 1.9 2= I I T I ]
90% ( 19.9601, 19.9839) k = 1.6 19.95 19.96 19.97 19.98 19.99
68% ( 19-96511 19-9869) k = —— Monte Carlo sample drawn Trom distribution ol output quantity OUtDUT quantizy {Y}

===+ Gaugsian dstribution with zame mean and standasd daviation az Monte Carlo sample

AHAMAY €% Rawtrihntaanal Download binary R data file with Monte Carlo values of output quantity

Download a text file with Monte Carlo values of output quantity

W/ouE Residual Wi ResiduAL Download text file with numerical results shown on this page

LAR 1Z.99 1299 Download JPEG file with plot shown on this page
LAC 87.41 87.41 . . .

Download configuration file
Residual NA 0.00

Gauss's Formula (GUM's Linear Approximation) Detre k6i 4.9 példa ered mények

y = 19.973
u(y) = 0.00785

SensitivityCoeffs Percent.u2 BC téVOlSég kéZéphibéja: 7.8 mm

LAB -1 58
LAC 1 100
Correlations NA -62




I 2. péelda, korrelacio nélkul

* Detrekdi 4.9 példa:

Hatarozzuk meg valamely egyenesen egy 4 pontbol
kiindulva acélszalaggal folyamatosan meért B és C pontok
tavolsaganak a kozéphibajat. A méresi eredmenyek:
L,.=20,047m,L, .=40,020 m.A mérési eredmenyeket
a u,=6mmesau, =38 mmkozéphibak jellemzik. A ket

mereés kapcsolatat ne vegyuk figyelembe.



N f input tities:
ames of input quantiiies 1. Select Inputs & Choose Distributions

. LS Number of input quantities: 2 -

LAB Gaussian (Mean, StdDev) Ll 20.047 0.006
LAC Gaussian (Mean, StdDev) Ll 40.020 0.008

Correlations D

LAB A

LAC 1

Gaussian Copula -
2. Choose Options
Number of realizations of the output quantity: 1000000

Random number generator seed: 54

Symmetrical coverage intervals

3. Write the Definition of Output Quantity
Definition of output quantity (R expression):

LAC - LAB

= &3

Run the computation '




Monte Carlo Method

Summary statistics for sample of size 1000000

ave = 19.973
sd = 0.01
median = 19.973
mad = 0.01

Coverage intervals

99% ( 19.947, 19.999) k = 2.6
95% ( 19.953, 19.993) k = 2
90% ( 19.956, 19.989) k = 1.6
68% ( 19.963, 19.983) k = 1

ANOVA (% Contributions)

w/out Residual w/ Residual

LAB 35.83 35.83
LAC 64.17 64.17
Residual NA 0.00

Gauss's Formula (GUM's Linear Approximation)

y = 19.973
u(y) = 0.01

SensitivityCoeffs Percent.u2
LAB -1 36
LAC 1 64
Correlations NA <]

40
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=
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| =
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(=]
P - |
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o
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o
=
o
<o _|
—
= =

19.95 19.96 19.97 19.98 19.99 20.00

—— Monte Garlo sample drawn from distribution of outpu! quantity Outpul qua nlliy {YJ
- Gaussian dstribution with same mean and standasd deviation as Monte Carko sample

Download binary R data file with Monte Carlo values of output quantity
Download a text file with Monte Carlo values of output quantity
Download text file with numerical results shown on this page
Download JPEG file with plot shown on this page

Download configuration file

Detrekdi 4.9 példa eredmeények

BC tavolsag k6zephibaja: 10.0 mm



I 3. példa
* Detrekéi 4.13 példa:

Ismert koordinataju 4 pontbol giroteodolittal és tavmerovel
mereést végeznek az ismeretlen koordinataju P pont
meghatarozasara. A giroteodolittal mért azimut értéke:

L =30°42'06", a tavmerovel mért tavolsage pedig L, = 310,410 m .
Az azimutota u = 12", a tavolsagmérest a u = 0.01 m kozéphiba

jellemzi. A két méres flggetlennek tekinthetd. Hatarozzuk meg a P
pont 4 ponthoz viszonyitott koordinatait es azok
kovarianciamatrixat



1. Select Inputs & Choose Distributions

Number of input quan

Names of input quantities:

COE D

Lt Gaussian (Mean, StdDev)

P

~| | 310410 0.01

La Gaussian (Mean, StdDev) T| 30.70166667 0.00333333

Correlations

2. Choose Options

Number of realizations of the output quantity

Random number generator seed: 54

Symmetrical coverage intervals

3. Write the Definition of Output Quantity
Definition of output quantity (R expression):

~

Lt*cos (La*pi/180) )

C Lt*sin(La*pi/180)] )

-]+

Run the computation '




Ouput 1

===== RESULTS ==============================
2
(7]
Monte Carlo Method
w _|
L8]
Summary statistics for sample of size 500000 =
B O _
q!:) ol
ave = 266.9021 Ei
sd = 0.013 = |
5 -
median = 266.902 =
o
mad = 0.013 R
Coverage interwvals -
99% ( 266.87, 266.934) k = 2.5
95% ( 266.877, 266.927) k = 2 == I I T I
9e% | 288.881; 206.223) ko ik 266.88 266.90 266.92 266.94
68% ( 266.89, 266.915) k = 0.99 —— Monle Gario sampie drawn from distrbution of oulpu quaniity Output quantity (Y)

-~ Gaussian dstribution with same mean and standard deviation as Monte Carlo sample

ANOVA LXCEANEEIBUELINS) Download JPEG file of this plot

w/out Residual w/ Residual

Lt 46.48 46.48
La 53.52 53.52
Residual NA 0.00

............................................ Detrekéi 4.13 példa eredmények

Gauss's Formula (GUM's Linear Approximation)

266.92021

s 8.5 X koordinata k6zéphibaja: 0.013 m

SensitivityCoeffs Percent.u2
Lt 0.86 a7
La -2.80 53
Correlations NA ¢}



Quput 2

===== RESULTS ==============================

Monte Carlo Method

Summary statistics for sample of size 500000

ave = 158.485
sd = 0.016
median = 158.485
mad = 0.016

Coverage interwvals

99% ( 158.443, 158.527) 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 9.77 9.77
La 90.23 90.23
Residual NA 0.00

Gauss's Formula (GUM's Linear Approximation)

y = 158.485
u(y) 0.016

SensitivityCoeffs Percent.u2
Lt 8.51 9.8
La 4.70 90.0
Correlations NA 0.0

wy
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=
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o
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158.44 158.46 158.48 158.50 158.52

—— Monte Garlo sample drawn lrom distribution of output quantity Output quantity {Y)
=== Gaussian distribution with same mean and standasd deviation as Monte Carlo sample

Download JPEG file of this plot

Detrekdi 4.13 pelda eredmények

Y koordinata k6zéphibaja: 0.016

m



3. példa - kovariancia matrix

* A NIST Uncertainty Machine nem szamitja ki a kovariancia
matrixot

* A Monte Carlo szamitas eredményei viszont letélthetdk
(values.txt) és ezekbdl a szamitas elvegezhet6

Download binary R data file with Monte Carlo values all output guantities

Download a text file with Monte Carlo values of all output quantities

llylll lly2||
Download text file with numerical results 266.896465773678 158.510627930491
. . . 266.901775051475 158.49156616866
Download configuration file 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



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



Kovariancia matrix szamitasa

* szamitasi eredmenyek  python corr.py

Kovariancia matrix Monte Carlo szimulacidval
adatok szama: 500000
kovariancia matrix
X X : 1.5909e-04
Xy @ -9.9308e-05
y X @ -9.9308e-05
yVy : 2.6703e-04

Az F3; és az M, matrixokat a (4.67) Osszeliiggésbe helyettesitve megkapjuk a
koordinatak M,, kovarianciamatrixat:
MYY = F*YKL'MLLFYL =
10,8598 — 158,486] [0,01" 0 0,8598 0,5100

N2
10,5106 266,902 0 {éf-}] — 158,486 266,902
|

Detreksi eredmenyek

1,589-10-% —0,993. 104] q
|- 0,993-10-% 2,671 -10*



I Rendellenes hibaterjedés

* Pontatlanabb mérések adhatnak-e pontosabb
eredmeényeket?



I Rendellenes hibaterjedés

* Pontatlanabb mérések adhatnak-e pontosabb
eredmeényeket?

* |gen!
A bemeneti mennyiség bizonytalansaga no,

megis a szamitott mennyiség bizonytalansaga
csokken!

* szampelda P. Pernot et al. (2015) cikke alapjan



Hibaterjedés: eredo bizonytalansag meghatarozasa

* A mérendd mennyiséget az egyes Osszetevdk 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 (0sszetevOk) és az ¥ mérendd, vagy kimeneti mennyiség kapcsolatat megado fuggveny a fizikai
torvényszerldségek alapjan ismert:

Y=f(X,X,..,Xy)

«  Améresi folyamat soran az X bemeneti mennyiségek x, becsl6it hatarozzuk meg. A becsl6k értekét a figgvenybe helyettesitve
megkapjuk a kimeneti mennyiség y becslgjét:

y:f(xl,xz, v XN)
*  Abecsult kimeneti mennyiség standard bizonytalansaga (négyzete):
N 2 N-1 N
=2 |L w2 X Y SL o u(x, )
i=1 |0 x; i=1 j:i+laxiaxj
« Akifejezés a standard bizonytalansagok terjedési torvénye, amelyben az u(xl., xj) a becsl6k becsult kovarianciaja, a
0f/0x, szamok az érzékenységi egyltthatok

Ez a torvény azonos a geodézidban jél ismert hibaterjedés torvényével



Nem linearis fuggvény
hibaterjedése

* nfuggetlen val6szinUségi valtozo fliggvenye

Y=£(X,X,....,X,)

* variancia 6sszetevOk linearis esetben (6sszeguk 1)

Y
o _1for |, EI(Y =) S5 (X = )]
Alex ) T Gy = !
l/lY i X, u2
Y

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



I Szampeélda

Bemeneti X mennyiség egyenletes
eloszlasu az - —
[-a, a] intervallumban o Y—c-:,-("‘)
(pl. a kvantalasi zaj ilyen) S -
° Amérésifuggvény Y=exp(-lX]) Ee
O
*  Monte Carlo szimulacio e
S
4V
R

0.0
A
N
o
N
I



I Analitikus variancia gradiensek

* Pernot et al. cikkében analitikus kepletek

talalhatok:
_ 1—e@
y = (6)
a
1 - 6—24:1
2 -
— — 7
Uy 5 Y (7)
1
GX = X
2au§
2a + 1

—2a e —-a 1
5 ¢ -2y ((a+ 1)e —1)—5 (8)



Kimeneti érték bizonytalansaga

o Y=g X

- :
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Kimeneti érték bizonytalansaga

o Y=g X

- :

© \\ . o ® E. ® o 0 o ® o o ® 0o o a

ol A ® = : Cee,

L. & ; X ~ Unif

© ‘.\ ; = Uy (MC) --- uy(Ana)

< *\ | A Gy (MC) --- Gy (Ana)
_.u__ﬁ‘d_ 4\ - e |Qg5(MC)
S5°| o ‘A
%“‘! RS il R L R
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T 5
0 1 2 3 4 5




I NIST Uncertainty Machine

1. Select Inputs & Choose Distributions

* Az q fél szelessegl st 13
egye n | etes e | Oszlé S h OZ Names of input quantities:
ta rtOZé m é réSI X Rectangular (Left Endpoint, Right Endpoint)
bizonytalansag:

2. Choose Options

X

|| -1.732 1732

1zations of the output quantity: 500000

Random number generator seed: 80

u X Symmetrical coverage intervals
3 3. Write the Definition of Output Quantity

Definition of output quantity (R expression):

exp(-abs(x))

[ -
BULRGERE TN ELLT




Eredmények - - -

w
o
Monte Carlo Method
il
Summary statistics for sample of size 500000 > £
2
e —o46 8 w |
i
sd = 0.232 =
£
= 3
g o |
mad = 0.25 m =
Coverage intervals g —
99% ( 0.178, 0.991) k = 1.8 o
95% ( 0.185, 0.957) k = 1.7 I T T T I I T
96% { ©0.193,  0.510) k.= 1.6 02 00 02 04 06 08 10 12
68% ( 0.23, 0.76) k = 1.1 VS ——————————p— Output quantity (Y)

---- Gaussian destribution with same mean and standard daviation as Mante Carlo sample

ANOVA (% Contributi . . : s
( antrihetians) Download binary R data file with Monte Carlo values of output quantity

Download a text file with Monte Carlo values of output quantity

iy antiRaEidaaluy Rasidsal Download text file with numerical results shown on this page

X 100 [¢]

Download JPEG file with plot shown on this page
Residual NA 100

Download configuration file

Gauss's Formula (GUM's Linear Approximation)

I
[

y
u(y)

SensitivityCoeffs Percent.u2
X [°] NA
Correlations NA NA




===== RESULTS

Monte Carlo Method

Summary statistics for sample of size 500000

== =_f 28
sd = 0.26
mad = 0.18

Coverage intervals

99% ( 0.0319, 0.983) k = 1.9
95% ( 0.034, 9.92) k = 1.7
90% ( 0.037, 0.84) k = 1.6
68% ( 0.054, 0.58) k = 1

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

X 100 o]
Residual NA 100

Gauss's Formula (GUM's Linear Approximation)

I
(=

y
u(y)

SensitivityCoeffs Percent.u2
X 1] NA
Correlations NA NA

- -
=
‘@
g @
[=]
=
%
o
o
o

==

[ T T 1
-0.5 0.0 0.5 1.0

= Monte Cario sample drawn from disiribution of outpul quantity Output quanti!y {Y)

===+ Gaussian dstribution with same mean and standard deviation as Monle Carlo sample

Download binary R data file with Monte Carlo values of output quantity
Download a text file with Monte Carlo values of output quantity
Download text file with numerical results shown on this page
Download JPEG file with plot shown on this page

Download configuration file

Eredmeények (2u )



===== RESULTS
Monte Carlo Method o -
Summary statistics for sample of size 500000 P
% o
[<H]
ave =v.17 [
Py
sd = 0.24 =
e
median = i
=]
mad = 0.095 o
A o -
Coverage intervals
99% ( 0.00569, 0.974) k = 2
(=
95% ( 0.0063, 0.88) k = 1.8 I T |
90% ( 0.0072, 0.77) k = 1.6 05 0.0 0.5
68% ( 0.013, 0.44) k = 0.88 —— Monte Caslo sampie drawn Irom distrisutien of output quanti OUtpthuantity {Y)

ty
---- Gausslan ciatribution with same mean and standasd daviation as Monie Carlo sample

ANOYA (% Comtrabutions) Download binary R data file with Monte Carlo values of output quantity

Download a text file with Monte Carlo values of output quantity
Download text file with numerical results shown on this page
Download JPEG file with plot shown on this page

Download configuration file

w/out Residual w/ Residual
X 1080 0]
Residual NA 100

Gauss's Formula (GUM's Linear Approximation)

Bk Eredmények (3u )

SensitivityCoeffs Percent.u2
X 0 NA
Correlations NA NA




Monte Carlo Method

Summary statistics for sample of size 500000

mad = 0.008

Coverage intervals

99% ( 3.2e-05, 0.95) k = 2.4
95% (  4e-85, 0.77) k = 2
90% ( 5.2e-65, 0.59) k = 1.5
68% ( 0.00016, 0.19) k = 0.48

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

X 100 ¢}
Residual NA 100

Gauss's Formula (GUM's Linear Approximation)

y =1
uly) =

SensitivityCoeffs Percent.u2
X ] NA
Correlations NA NA

30
|

Probability Density
20
|

-0.4 -0.2 0.0 0.2 0.4 0.6

— Monte Carlo sample drawn Irom distriution of output quantity Qutput quantity (Y)
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eloszlassal

* A mérésifuggvény Y= exp(—Xz)

- Hasonlé paradox eredményeket
kapunk

* Mas az X eloszlas fuggvenye, pl.
Gauss

- Hasonlé paradox eredményeket
kapunk
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I Tanulsagok

* Negativ variancia gradiensek (csokkeno kimeneti variancia ndvekvo
bemeneti varianciara) sokféle modellben jelentkeznek

» Ovatosan kell banni a szérassal (kdzéphiba) illetve a megbizhatdsagi
intervallumokkal mint a mérési bizonytalansag jellemzoivel

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

- Erre a célra mar j6 eszk6zokkel rendelkeztnk
(pl. NIST Uncertainty Machine)
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