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(Expression of Uncertainty in Measurement)
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Choi Sung Woon

Abstract

The ISO "Guide to the Expression of Uncertainty in Measurement (GUM)
establishes a unified method for evaluéting uncertainty in measurement

worldwide. This paper discusses the concepts and procedures of uncertainty

evaluation.

Keywords: Uncertainty, Measurement, Unified Method

1. Introduction [3]
1.1 Five Levels of Standards

Working Level :

Calibration :
Standards

Functional :
Standards

Reference :
Standards

National and :
International
Standards

This level includes Gages used at the work center.

These are standards to which working level standards are
calibrated.

This level of standards is used only in_the_r_netrology
laboratory of the company for measuring precision work
and calibrating other standards.

These standards are certified directly to the NIST and are
used in lieu of national standards.

This is the final authority of measurement to which all
standards are traceable.

1.2 Download Direction of Traceability

(1) National Institute of Standards and Technology
(2) Standards Laboratory
(3) Metrology Laboratory

(4) Quality Control System (Inspection Department)
(5) Work Center
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2.Uncertainty in Measurement [1, 2]

2.1 Uncertainty
=)

2.1.1 Old : Systematic Error, Random Error
New : Type A, Type B ( o Z2AE
212 Type A: +E52Ag] s BXo 2A% FEUE FFoA 73
 Type B JEd BE Er £Rs B 2380 A4 + AT AEVE G4
= R - '
2.1.3 Type A
1
2.14 Type B
E — U= (Z,= 1.64,1.9,2.58
Za 3
(1) Normal Distribution 2 - A ] 43909 95%’ 99’%)
= Ux)= —3

(2) Re‘ctang‘ular Distribution
(3) Triangular Distribution
(4) U Distribution

2.1.5 Combined Standard Uncertainty
: Root Sum Square, Additivity of Vanance Propagatlon

U=V Uyt Uy 4+ U,

2.1.6 Expanded Uncertainty
U=k U, k= Coverage Factor (2~3)
2}

9=
ol M oF 95%¢] EIZE

°
©

]

1+ Coverage



2005 LW FFHee FASG=

Factor k=28 ¥4 5% BE&8 = 3 #

Jut:

218 & A= : Welch - Satterthwaite
U}

v, fF = ‘N——Lv—;ﬁuncate)
Z 1

3.1 Type A
Given @ X&24 NMR A : Hall Gaussmeter 2 Transfer DeviceZ Ap&
0.1T T—T':Z}'@l nﬂ @l—%ﬁ?“ (II? 17 T oy I 3)7_ Ty,
Find : Type A
1
_ -y - = 2
Uy,=U(z) [n(n—l ,@ s =z )]
3.2 Type B

Given : (1) ZFAA ud Bg% b ;
(2) NMR Gausmeter A &% b, Rectangular Distribution
(3) AT YL X b ;3 Triangular Distribution
(4) Hall Gausmeter #3l% b 3 U Distribution

5 2 oNormal Distribution

Find : Type B
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) Up, = =
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3 Us, = -
by
@ Uy, =
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3.3 Combined Standard Uncertainty

U, =\ JUi+ Up + U} +Up +Uj,

3.4 Expanded Uncertainty

U

kU,
20U, (95%)

4. Summary

- Uncertainty : Type A, Type B

- Type A : Standard Deviation, Central Limit Theorem

- Type B : Normal, Rectangular, Triangular, U Distribution

- Combined Standard Uncertainty: Propagation

- Expanded Uncertainty: Coverage Factor, Welch - Satterthwaite
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