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ABSTRACT. The expanded uncertainties calculated by the application of GUM -approximation and Monte-

simulation were compared about the model equation of one-point calibration which is widely used for the

surements and chemical analysis. For the comparisons, we assumed a set of artificial data at the various lev

centration and dispersion of t or normal distribution. Mistakes of more then 50 % was revealed at the values ca

by GUM-approximation in comparison with those of Monte-Carlo simulation because of the excess dispersio

t-distribution and non-linearity by division in the equation. In contrary, the mistake of calculation due to non-lin

of the equation was not observed in the level of detection limits with the equation of one-point calibration, b

of the relatively large values of uncertainty in response.
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R1

------Rx S1 Rx⋅= =

Table 1. Input quantities and characteristics

     Input quantities 
Characteristics

C1

mg/kg
R1

au
Rx

au

Value 994.4 10432 182
Standard Uncertainty, u(xi) 23.2 103.5 36.4
Distribution of uncertainty Normal distibution t-distibution t-distibution
Degrees of freedom, ν � (1000000) 2 10
Journal of the Korean Chemical Society
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Fig. 1. A procedure for calculation of uncertainty by Monte-Carlo Simulation.
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Fig. 2. Random number distributions; normal, t(ν=2), t   (ν=10), rectangular, triangular and trapezoidal distributions.

Table 2. Uncertainties of the measurand(Cx) and sensitivity(S1, an output quantity) calculated by GUM-approximation and Mon
Carlo Simulation

Calculation procedures
Chracteristics 

Measurand(Cx) Sensitivity(S1)

GUM Monte-Carlo GUM Monte-Carlo

Value, mg/kg 17.34 17.38 0.0953 0.0954
Combinded Standard Uncertainty, mg/kg 3.50 - 0.0024 -

DF 10 - 85 -

Coverage factor
Confidence level, 95% 2.23 - 1.99 -
Confidence level, 99% 3.17 - 2.64 -

Extended Uncertainty mg/kg
Confidence level, 95% 7.79 7.83 0.0048 0.0059
Confidence level, 99% 11.1 11.2 0.0064 0.0102
Journal of the Korean Chemical Society
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Table 3. Uncertainties of the sensitivity(S1, an output quantity) calculated by GUM-approximation and Monte-Carlo Simulat

Standard uncertainty GUM-approximation Monte-Carlo Simulation

 u(R1)
% u(R1) Standard 

Uncertainty
DF

Expanded uncertainty, U Expanded uncertainty, U

R1 CL.95% CL. 99% CL. 95% CL. 99%

10.43
15.65
20.86
31.30
41.73
52.16

104.32
208.64
312.96
365.12
417.28
521.60
625.92
730.24
834.56
938.88

1043.20

0.1
00.15
0.2
0.3
0.4
0.5
1.0
2.0
3.0
3.5
4.0
5.0
6.0
7.0
8.0
9.0

10.00

0.00223
0.00223
0.00223
0.00224
0.00226
0.00227
0.00242
0.00293
0.00362
0.00401
0.00441
0.00526
0.00614
0.00703
0.00794
0.00886
0.00979

373630
118523
36266
7510
2448
1036
83
11
5
4
3
2
2
2
2
2
2

0.0044
0.0044
0.0044
0.0044
0.0044
0.0045
0.0048
0.0064
0.0093
0.0111
0.0140
0.0226
0.0264
0.0302
0.0341
0.0381
0.0420

0.0057
0.0057
0.0058
0.0058
0.0058
0.0059
0.0064
0.0091
0.0146
0.0184
0.0258
0.0522
0.0609
0.0698
0.0788
0.0870
0.0971

0.0044
0.0044
0.0045
0.0046
0.0047
0.0049
0.0059
0.0091
0.0130
0.0152
0.0173
0.0215
0.0258
0.0309
0.0349
0.0404
0.0458

0.0058
0.0059
0.0060
0.0062
0.0066
0.0069
0.0102
0.0199
0.0310
0.0372
0.0421
0.0550
0.0662
0.0854
0.0983
0.1230
0.1488

DF, degrees of freedom
CL, Confidence level 

Fig. 3. Relative uncertainties of the sensitivity(S1) calculated
by GUM-approximation to those by Monte-Carlo Simulation
2003, Vol. 47, No. 1
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Table 4. Uncertainties of the measurand(Cx) calculated by GUM-approximation and Monte-Carlo Simulation

Standard uncertainty GUM-approximation Monte-Carlo Simulation

u(Rx)
% u(Rx) Standard 

Uncertainty u(S1)
DF

Expanded uncertainty, U Expanded uncertainty, U

(Rx) CL.95% CL. 99% CL. 95% CL. 99%

91.0
72.8
54.6
36.4
27.3
18.2

1.9.10
1.7.28
1.5.46
1.3.64
1.1.82
1.0.91

50
40
30
20
15
10
5
4
3
2
1

0.5

8.69
6.95
5.22
3.50
2.66
1.79
0.973
0.822
0.681
0.569
0.473
0.448

10
10
10
10
10
11
15
19
27
52
94
90

19.36
15.50
11.64
7.80
5.89
3.94
2.07
1.71
1.40
1.13
0.94
0.89

27.53
22.04
16.55
11.08
8.37
5.56
2.87
2.35
1.89
1.50
1.25
1.18

19.37
15.52
11.67
7.83
5.93
4.05
2.23
1.91
1.59
1.34
1.14
1.09

27.65
22.17
16.67
11.27
8.44
5.85
3.22
2.82
2.40
2.09
1.96
1.86

DF, degrees of freedom 
CL, Confidence level 

Fig. 4. Relative uncertainties of the Measurand(Cx) calcu-
lated by GUM-approximation to those by Monte-Carlo Sim
ulation.
Journal of the Korean Chemical Society



�� ��� �� ���(GUM)� Monte-Carlo Simulation� �� ��� �� � � !" #$ 37

e-

r-

,

n
ed
Rx4 ��-./ �% b�l[L �ý %4 �F M1

0 yz#, þ, Fig. 4#3 Rx4 b� ��-./M 10%

%b4 �], GUM-567# 48 9:+ÿ^/ NO

P# 4� T�4 ?ÖQS% -./ 9:# cd> N

wx1 tF _[L s<;A.

� �

�� �  �!"#3 |L %&'( �) ��*#

�+, GUM-567� Monte-Carlo Simulation# 48

<< 9:; .=-./4 n0> ?�+@A. % ?�

> B+, C44 �DEF ,G H/ ��#3 �I

!J K( t-!JL M�+, 9:+@A.

NOP# 4� 9:*4 ?QRS� WX�4 t-!J

M n� YZ# 483, GUM-567# 4� -./ 9

: cdM p�+1 �¹ �/L n� rs+@A. ÿ

�N GUM 5674 v�M Monte-Carlo Simulation

# 4� v�`A m] ã� 9:'0 yz# 8Ð ¿

À��4 �9l .ÛF �( �BL3 z��� � e

A. K�, ¬/4 9:#3 NOP# 4� ?QRS#

48 99% ¿À��4 .=-./4 9:#3 cdM

50% %b rs¹ �/ eA. %G� �b� WX�4

!JR*% t-!JR*[L3 !JM m] Y�e( R

�� y 9:b4 cd> n� |( _[L `\A.

��, �� �  �!"4 hi �9 9:#3 � )

��7F %&+( �]#( �D jk�4 ��-.

/M b�l[L(10% %b) n0 yz# GUM-567

F %&+ÿ^/ -./ 9:4 cd> ��l[L p

�¹ � eF _%A.

�   ! "

1. Guide to the Expression of Uncertainty in Measur
ments, 1993, ISO, Geneva.

2. Guidelines for Evaluating and Expressing the Unce
tainty of NIST Measurement Results, NIST, 1993,
Technical Note 1297, NIST.

3. Quantifying Uncertainty in Analytical Measurements
EURACHEM, 1995.

4. Grundlagan der Messtechnik, 1999, DIN 1319-4�
5.����� �� �	, 1999, KRISS-99-070-SP,  
��
�
����.

6. Advanced Mathematical & Computational Tools i
Metrology v, Series on Advances in Mathatics for appli
Science, P. Ciarlini et al, Ed, 2001, Vol. 57, p 93, WSP
Co., Singapore.

7. PUMA, ��� �� ��� �� ����, 2002, Version
2, KISCOM.
2003, Vol. 47, No. 1


	측정 불확도 표현 지침서(GUM)와 Monte-Carlo Simulation에 의한 불확
	서정기·민형식·박민수†·우진춘*·김종상††
	한국표준과학연구원 물질량표준부 †대전대학교 환경공학과 ††한국건자재시험연구원 품질경영부 

	A Study on Comparison between the Propagation of Uncertainty by GUM and Monte-Carlo Simulation
	Jungkee Suh, Hyungsik Min, Minsu Park†, Jin-Chun Woo*, and Jongsang Kim††
	Division of Chemical Metrology and Materials Evaluation, Korea Research Institute of Standards an...
	요  약. 측정 및 화학분석에 많이 이용되는 한 점 교정식에 대하여 측정 불확도 표기 지
	주제어: 화학분석, 한 점 교정식, GUM, Monte-Carlo Simulation, 
	ABSTRACT.�The expanded uncertainties calculated by the application of GUM -approximation and Mont...
	Key words:�Chemical Analysis, One-point Calibration, GUM, Monte-Carlo Simulation, Expanded Uncert...
	서  론
	본  론
	GUM의 근사법과 Monte-Carlo Simulation6
	불확도 전파 결과의 비교
	결  론
	인 용 문 헌







