
(Measurement),
(Metrology)

Reference ( )
, 

1

SNU Nuclear Science

We (existence)
- Charged particles ( neutral particles ( n, )
- Non-ionizing radiation

We (known existence)
- Energy spectrum: energy given to the detection media

And could we ?
- Position and timing: requires signal processing

Then we can invisible things (imaging)
- Incident direction via imaging methods
- Radiography: X-ray, gamma ray, neutron, muon, etc.

Ionizing Radiation

Radiation Detection & Measurement

2

SNU Nuclear Science

(Metrology)
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(Measurement):
-

(VIM3)
- (KOLAS-G-020)

(Quantity): 
- , ,

(VIM3)
- (number)

(Value): (magnitude)
(Measurement result):

- (VIM3)
- ( , !!)

?
?

1. .

2. .

3. .

4. .

5. .

6. IQ .

7. .

8. KPI .

9. .

10. .

1.

2.

3.

4.

5.

!!

:

Yb , 1 1 ( )



:

Boeing 787

:

:

:

, ...

SNU Nuclear Science

(Measurement unit):
- ,

(Measurement standard, etalon):
- , (quantity)

, (quantity)
(Uncertainty):

- , 
(VIM3)

- / , 

!!
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(1) ?

.

: 

:

/ : 

SNU Nuclear Science

(2) ?

?

?

?

?

?

SNU Nuclear Science

(3)

.. 1999
(MCO)

1 (N ) , 4.45 (l
s) .

.

.

4.45 
, 9

.

: 6,000

SNU Nuclear Science

: 

(1) (SI)

'Le Systeme Intenational d' Unites'
' ' .

' '
, 1960 11

(CGPM)

SI 7 ,

, 21
.
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: 
SI

( )
( , m . Inch, feet, ( ), ( )

)

:

: 

.

17

: 

SI

40

18

: 

SI

,

[ ], ( )

,
(

)

[ ] : ( ), ( ) / : kg, s, K, Pa, GHz

,

[ ] 5 s ; 5 s.( )), 5 sec., 5 sec, 5 secs

( , , , )

[ ] 35 mm, 30 oC ; 35mm, 30oC
25o, 25o 24 , 25o, 24 ,

( ) 
.

(,), (.) .

19

: 

2007 23 (CGPM)
, SI 

(kilogram), (ampere), (kelvin) 
(mol)

Watt
balance ( )

Silicon 
Avogadro sphere (NPL)

kg
(BIPM)

(kilo
gram)

,
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: 

(2) (Calibration)

, (quantity) (
) ( ) ,

.

SNU Nuclear Science

: 

(3) (Traceability)

, .

Unbroken chain of comparisons to the SI units,
all having stated uncertainties

(or Primary dosimetry lab.)

SNU Nuclear Science

: 

(4) (Uncertainty)

= [ ]

? ( )
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: V&V

(5) (Validation and verification)

(Validation):

(Verification):

:
: ( )

= [ ]

? ( )

- , (CRM)

-

-

- , +

- CRM 2

-

-

-

-

-
KOLAS-G-009:2012

*  CRM (Certified Reference Material):

International key-comparison among NMIs 
BIPM.RI(I)-K5, Air kerma in Cs-137

ISO/IEC 17025:2005

SNU Nuclear Science
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(Error) (Uncertainty)

< >
(Measurement precision):

(Measurement accuracy):

(Ture quantity value):

. 
.

(Conventional quantity value):
. (

.)

SNU Nuclear Science

(Accuracy) / (Precision)

SNU Nuclear Science

(Error) / (Uncertainty)

SNU Nuclear Science

.

. ,
.

(Error) .

(Uncertainty)
.
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/ + 

SNU Nuclear Science

(Measurement error):
(Reference quantity value):

,
, .

.

, . 
. .

.

SNU Nuclear Science

/

(Repeatability): 

: , , , , 

(Reproducibility): 

: , , , , , , 

SNU Nuclear Science
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*  k n o wn as GUM2

SNU Nuclear Science

Guide to the Expression of Uncertainty in Measurements, 
(GUM), ISO, 1993.

, KRISS-99-070-SP,
, KOLAS-G-

002 (2016)
Guidelines for Evaluating and Expressing the Uncertainty 
of NIST Measurement Results, NIST Technical Note 1297, 
NIST, 1993.
Quantifying Uncertainty in Analytical Measurements, 
EURACHEM, 1995.

SNU Nuclear Science

SNU Nuclear Science

: 
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: 
. 

<- .
(xi - u(xi), xi+ u(xi))

, 68 % (confidence level) .

SNU Nuclear Science

: Type A&B

SNU Nuclear Science

A / B


