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Surve)?mg by GPS b ¥, 8 W0e | Movement of Japanes Archipelago ?
m  Three dimensional posmon and time at any place in the m By the positional measurement by GPS, Japanese

earth can be surveyed by GPS(Global Positioning archipelago moved by 450 m to -

System)using artificial earth satellites. southeastward. y#

m  Why Japanese archipelago moved?

/’3 satelltes vertical direction to
the center of the earth
Japan

archipelago
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Eurasia /- A
/ continent , See of Japan ¢ #, Tokyo . T-I
. Pacific / vertical direction
g Ocean ¢ near Tokyo
control syslem users force to Eurasia <:|‘;?i?‘$
continent
L
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GIobai?(Seograiphi;j Coordinate System Differeﬁces of ‘geog:rapggg%ﬁo'ordinqte systems
m  Longitude and latitude are the to measure the m Differences between global and Japanese geographic
earth coordinate systems
The absolute scale in Japan is deferent from the global scale. = Latitude differences longitude differences
The does not mean the Wakkanai +8 second (240 m) -14 second (350m)
. Tokyo +12 second (360 m) -12 second (300m)
m Japanese geographic coordinate system changed to the FUEUOKa +12 seconj (360m) -8 secong (200m)
global geographic coordinate system on 1st April 2002. pona *4secorg BB 7 secon (189933{
o
Tapanees R
oordinate "
p global
geographic
coordinate
¥320m,
E:
global
geographic
oordinate
2005/10/25 5 2005/10/25 ERFTERNE2E 6




= RITEE AT 2[H] 2005/10/25

Japanese eyi

S ¥ o b 4
m  Mr. Tadataka Inoh (1745-1818)
Best accurate surveying for its time

peay T |

m  High accuracy and high repeatability can be performed
without comparisons and/or standards.

= However, absolute accuracy can not be performed
without comparisons and/or standards.

m |tis deference between
high accuracy and
absolute accuracy.

m  For the absolute accuracy, we need standards and
global comparisons.

= Concept of “Traceability”
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m [nternational Symposium on Measurement Technology
and Intelligent Instruments
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m  The National measurement system of Egypt instituted
1500 years B.C. and re-instituted in modern times in the
first decade of the twentieth-century took its formal
modern shape when the National Institute for Standards
was established in 1963.
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= 2589-2566 B.C. n FREEELLTES.
= Total Blocks: over 2,300,000 B Y—FAFYREADY—11H %
m Base?227m DRHISBBOKET é
= Average Weight: 2.5 tons » Fa—tvbx2 "
m Height: 137 m. = 5T LFa—Evt —
. =1m 7=k +7F
= Angle of Incline: i prs
51°50' 35" o D -
) . . {height was removed
m  Material: limestone, grani today)
Weight-refieving
- chambers
Air
shaft (73
King's chamber — o aranel Callenyg
51° 50' 35" Entrance R
Queen's chamber \,‘
Descending passage— ::::::;ns
Unfinished Chambar
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Traceability of Measurements

mWhat is “ Traceability” ?
mTraceability of length

Japanese 1 kg and

= How to compare Japanese and
US1kg?

= The definition of mass is kilogram
prototype in Paris.
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Trace%lllty

= Property of the result of a measurement
or the value of a standard whereby it can
be related to stated references, usually
national or international standards,
through an unbroken chain of
comparisons all having stated
uncertainties. [International Vocabulary
of Basic and General Terms in
Metrology]

kilog‘:otype Sd @ - @ / e
—ad ght &7 g
Kilogrtotype ._3 I
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Traceability of Length.

m  Definition of Metre (1983, BIPM)

The metre is the length of the
path traveled by light in vacuum
during a time interval of 1/299 792
458 of a second EF=—=1

I:_
m lodine stabilized laser
10-10 i 10-11
m Laser interferometer
108-10°
Gauge block
Standard scale
Rule

lodine stabilized laser

HP ST34 lasar hoad sad roceiver
= BIPM: International Bureau of Weights and
Measures HP (Hewlet Packard) laser interferometer
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Gauge blocks and standard scales.

m  Size deviation of 100 mm gauge blocks
K class: 0.07 um, 2nd class: 0.35 uym

m  Standard scales
measuring range: 1000 mm, scale intervals: 1 mm,
resolution: 1 pm
measuring range: 100 mm, scale intervals: 0.5 mm,
resolution: 0.1 um
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Conclusmn in Traceability

m  Traceability can be established by an unbroken chain of
comparisons all having stated uncertainties.

= Global comparisons are key to establish traceability.

m Then, we have to estimate uncertainties.
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Uncertainty of measurement

mUncertainty of measurement
mEstimation method of uncertainty
mUncertainty of length measurement

Uncertainty of Measurement

m  Uncertainty of measurement U: parameter, associated with the
result of a measurement, that characterizes the dispersion of the
values that could reasonably be attributed to the measurand.

= The expanded uncertainty U is assumed to provide a high level of
coverage (95 %) for the unknown true value of the measurement
result Y

Y — U< TrueValue £Y + U (with probability 95 %)
Gaussian distribution: 95 % by standard deviation
Rectangular distribution: standard deviation is a/y"3

s’ =_[:2—];i(x—0)2dx =2—:;J.:x2dx
? ng
2al 3 3
o e, o
2 | B
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- 602217

True Value AL
- 6.02216 (1999

m  Theoretically we can not ';1; 02215 IRMM-PTE NMU-TRMM]

use “True Value”. £ Qges) 2003 |

& 6.02214 ©

Because no one knows % 9 3 |

“True Value”. 3 602213 PTg (RN TRMM-PTB [Rine-rre

= Practically we can g 6.02.413}» 2 (2001} 1

estimate true value by 2 sooon -

higher precise anusz |

measurement. ol .

£.02209 | |

NES (1974) |

6.02208 - — J

= Physical constants: Avogadro constant N, mol -
1973  6.022045 =+ 0.00003  x 102
1986 6.0221367 = 0.0000035 x 1023
1998  6.02214199 =% 0.00000048 x 1023
2003 6.02214150 = 0.00000010 x 1023
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Without Uncertainty:

= Without uncertainty:

measuring result: is 10.256 mm without
uncertainty and no knowledge of measuring
method, measuring instrument ...

10.256 mm £0.03 mm or
10.256 mm +0.2 mm or
10.256 mm 5 mm or ...
m  Measuring instrument without uncertainty
is only a furniture. (Dr. Sartori, IMGC)
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Decision with Uncertain

m  Examination results
uncertainty of rating of exam. : £10 points
pass limit: over 70 points
m  Decision of passing status
Student who gets 70 points is 50% should be rejected.
Clarify where responsibility lie !

gray zone I
| 1
60pt 70pt 80 p OO pt

Strict teacher’s
acceptance area

Easy teacher's acW |
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Example 1: Jug of Bee

Describe the measuring and calibration method. m  Measure Jug of Beer

Mathematical model Volume of jug of beer is measured
describes mathematical equations, lists all components, uses by graduated cylinder
design of experiments method and correct measured values m  Using Budget Sheet
m  Evaluation of components of uncertainty Repeatability
Type A. those which are evaluated by statistical methods Graduated cylinder

(experimental methods), Temperature

Type B. those which are evaluated by other means
(certification sheet, standards, other experimental knowledge)

m  Combined uncertainty
u. = Root Sum Square

m  Expand uncertainty
U=ku, (normally k =2)

2005/10/25 SRR AER 37 2005/10/25 SRTERANE2R 38

Example 1: Jug of Beer Example 1: Jug of Be:
= Budget Sheet m  ug: repeatability of measurement
10 times measurements by graduated cylinder
Symbol | Component l/a\ue lEy\/paeluallon Distribution | Divisor lSJ!'andard foe:(s(::;l:gz (Sr:‘aer\ai::de:). AVerage: 6335 mL
Standard deviation: 3.598 mL
bili
Ug | reresebtiy o Distribution: Gaussian distribution
graduated B Divisor: 1
Ug cylinder certification tim 1 2 3 4 5 5 7 P 9 10
u, |temperaure :ahew nfL | 632|629 | 639 | 635 | 627 | 636 | 633 | 637 | 634 | 644
Ue | Sndarau,
Symbol | Component | Value | Evaluation | Distribution | Divisor | Standard | Sensitivity | Standard U.
U expand U. + type u. coefficient | (measured)
u repeatability | 3.598 | A Gaussian 1 3.598 1 3.598
R mL measure mL mL
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Example 1: Jug of Beer “

Example 2: Jug of Bee

= ug U. of graduated cylinder = u;: Temperature
by Certification sheet of graduated cylinder Resolution of digital thermometer: 1 deg (degree of Celsius)
Expand uncertainty: 3.0 mL (k = 2) = Value: £0.5 deg
Distribution: Gaussian distribution = Rectangular probability distribution: divisor 43
Divisor: 2 = Standard uncertainty: 0.5/ 4~3 = 0.299 deg

Sensitivity coefficient
= Coefficient of volume expansion: 5.23 x 103 (deg)
= Volume: 633.5 mL
= Sensitivity coefficient: 5.23 x 103 x 633.5 mL = 3.313 (mL/deg)

Symbol | Component | Value | Evaluation | Distribution | Divisor | Standard | Sensitivity | Standard U. Standard U (measured)
u. .

+ type coefficient | (measured)
Symbol | Cc Value | Evaluation | Distribution | Divisor | Standard | Sensitivity | Standard U.
u graduated | 3.0 B Gaussian 2 15 1 15 + type u. coefficient | (measured)
S cylinder mL certification mL mL
u temperature | 0.5 B rectangular | 43 0.299 2EE 0.956
T deg theory deg mlL/deg mL
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Example 2: Jug of Beer (6)

= u. Combined standard uncertainty

Root Sum Square (RSS)
m RSS

Root sum square of standard uncertainties u; u, RSS
= U: Expand uncertainty (k = 2) RSS =+/u? +u2 +---u2| 1 1 1414
1 2 n
2xu 1 0.9 1.345
c
= Result: 633.5mL £8.02mL (k =2) . 22 1 08 1281
RSS LTl 1 0.7 1.221
Symbol | Component :\t/alue E{vpa;ua(ion Distribution | Divisor Sfandard f:gfsf:g‘\g:‘)( ?;‘aer\ac;irr(igv 1 06 1166
Up | reveavitty 3.f9e A Gaussian | 1 3fgs 1 3.f9e n Magic of RSS 1 0.5 1.112
h graduated |30 | B Gaussian | 2 15 1 15 No effect (less than 10%) by 1 0.4 1.077
s cylinder mL certification mL mL components less than 50% of 1 03 1.044
temperature | 0.5 B rectangular | 3 0.299 3.313 0.956 H ° :
ur P deg | theory 9 deg mLideg mL the b|ggestlcomponent 1 02 1020
u. | combined Gaussian 401 We can estimate U. by only
¢ | standard U. mL bigger components 1 0.1 1.005
U expand U. Gaussian 8.02
mL
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Example 2: Current Measurement (1) Example 2: Current Measurement (2)
m  Measurement circuit m  Type B uncertainties
Current | (about 10 A) is applied to 0.1V U by DVM (from specifications by manufacture): upy,
resistance R (nominal 0.01 Q, measurement = 0.045 % at 100 mV, assumption of rectangular distribution
0.001018 €) = 0.045/100 x 100 /{3
measure voltage drop U by digital volt- = Standard deviation: 0.026 mV
meter (DVM) | U by calibration value of R (from calibration table): ug,,
DVM's input resi_stance_ ig over 10° Q, R0.019Q = relative U: 6 x 10 (k=2)
leakage current is negligible small = standard deviation 3 pQ
equation of measured value and inputs '_/\N\/"
I=UR
m  Type A uncertainties v
repeatability of measurement: ug
for 12 times measurements, average and digital
standard deviation
average: 100.03 mV volt-meter
standard deviation: 0.028 mV
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Example 2: Current Measurement (3) Example 2: Current Mea
=  Measured value: | = U/R = 0.10003/0.010018 = 9.985 A m Budget Sheet
m  Sensitivity coefficients: by partial differentials m  Expression of measuring result
Voltage 9.985 + 0.01 A
= partial differential: dI /dU = 1/R
N Sensitivily: 1/R =100 (AN) Symbol | Ci Value i Distril Divisor | Standard | Sensitivity | Standard U.
Registance + type u. coefficient | (measured)
= partial differential: dI / dR = U/R2 Up | fePeawbitty 008 1A e | 5 |* Ml vy a0z
= sensitivity: U/R? = 1000 (A/Q) u DVM 0045 [B [ rectanguiar | V3 0026 100 00026
Combined uncertainty uC - registance :V CBemm:anc'n Gaussian 2 g‘v i(:ZO :003
U2 = (UR)2 X (Ug? + Upyyy?) + (UIR22 X (Uggy?) = 24.6 X 106 (A2) Ugeg | @ | cenification P A0 A
u. =5x 103 (A) = 0.005 (A) u combined Gaussian 0.005
. c standard U. A
Expand uncertainty U
U=2xu,=0.01(A)(k=2) U | ewandu Gaussian 001
Expression of measuring result A
9.985 + 0.01 A
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Exampl%e 2: Current Meag§grement_(5_) LG,

= Propagation of Error: Propagation of Uncertainty
Evaluate sensitivity coefficients by partial differentials
Relationship (function) f for parameter x and measurement result y
y =f(x)
When uncertainty of parameter (x,) is dx, , uncertainty of measuring
result (y,) dy, is calculated by partial different of function f
dy, =f'(x,) dx,

A Y
dy, Vand
$
y
' 1 ly=t
<> dx; X
X1
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BEEDOLESC)

EEOLE0)

s HAUN—DBRE

n fHEALH -
3 3 Lsina=H-h=E . 2 2
B 3 um LBE 4 um 0T E&L DBEENTRD . (ﬁ) - +(ﬁ] &
A9 —U%20{>Dlt%L: . E Ba, o oE ) E )
BEF 5 um a=f(E,L)=arcsin T tan a AKEVNLBEK BV BV
HA— =B, aarcsin(t] aarcsin(f]
2 2 R4A5° I = — SZ sz
o of & o a H*45° LITF TS, 5E B oL L
e = | |
oE oL
Ly E .
= S S,
e y (Lcosaj E+[chosa) -
g 1o y =arcsin x :( sina J ZJ{ sina )2 ,
dy 1 1 +1 Ecos)  \Lcose, -
- Tmaeos s PR ] [Si)z+[i)z
TEE 7 dy E L
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REDGES) Example 3: Measuremen
n BTRINDLEE = Measuring conditions
= PP P A liner: ) . lution:
FEE y A n EORIEHE Xy y 1 2 n Vernier caliper: measuring range is 150 mm, resolution: 0.05 mm
Xy e X DREFOPWTHRS 2 2 Diameter of brass cylinder: nominal diameter is 50 mm
hdez s2 = 57)/ s 4+ ﬁ s + Simple air conditioning room
FhEFhOREBENBREDR ! ) o o) P = Components
Sy1r Sy2 - Syn Vernier caliper
REREDp, pow P ETH. = (plel'l- X -~-an”)zsf + Temperature
- = Deviation from 20 deg (degree of Celsius): from 20 deg to 26 deg
(X P P, X P2l y P )232 1. = U of coefficient of thermal expansion
* 22 : o = U of temperature difference between caliper and workpiece: £0.2 deg
2 2 Repeatability of measurement
_| Py s2 + P,y T
X ! X, :
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Example 3: Measurement by Caliper (2)

= Components and values (standard deviations)
Vernier caliper (B type): instrumental error is 0.05 mm and
assumption of rectangular distribution, 0.05/ 4~ 3 = 0.029 mm

Temperature (B type): from equations: under 0.001 mm, negligible
small

Repeatability by inspector (A type): from experiment: 0.015 mm
= Combined Uncertainty and Expand Uncertainty

u.: Root sum square: 0.033 mm

U=0.07mm (k =2)

Example 3: Measurement by Caliper (3)

m  Temperature Effect

Scale: reading ly,,, coefficient of thermal expansion e,
temperature tg
Work: length |,,,,, coefficient of thermal expansion «,,
temperature t,,

[T et TTTITTTTITITITIT

l.& = lw
<

‘ a,t

Symbol | Component | Value Evaluation | Distribution | Divisor | Standard | Sensitivity | Standard U. W
+ type u. coefficient | (measured)
u, |vienier 005mm | B rectangular | ¥°3 0029mm | 1 0.029 mm |S = |520 @+ ag (ts -20))
up | temperature B Gaussian small |W — |W20 A+ ay (tw —20))
u, repeatability | 0.015 mm A Gaussian 1 0.015 mm 1 0.015 mm _
U, | combined Gaussian 0.033 mm lyoo = M ~ lgo0 (L+ a4 (ts — 20) — a2y (L, — 20))
U expand U. Gaussian 0.07 mm 1+ Ay (tw - 20)
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Approximation Example 3: Measurement by Caliper (4)
= Conditions
x=<=<1 Difference from 20 deg: 3 deg
1 1-x) _1-x . Coefficient of thermal expansion: 10x10° /deg
1+X7 1+ x)(1— X = ~ Diameter: 50 mm
( )( ) 1-x U. of thermometer: 0.1 deg
1 _ (l <P X) _ 1+x L U. of coefficient of thermal expansion: 1x10¢ /deg
1 % (1-x)(1+ X) 2 = Standard Uncertainties
U. by thermometer: 50 x 10 x 106 x 0.1 = 0.05 um =50 nm
U.by CTE: 50 x 3x 1 x 10¢=0.15 pm = 150 nm
X 1/(1+x) 1-x m [tis negligible small for vernier caliper, however, it is very large in
0.0001 0.999900010 |0.9999 nano metrology
aIWZD
€ = 78@(5 = ISZO (ts - Zo)eas
0.001 0.999000999 |0.999 oa,
0.01 0.990099010 |0.99 g =dwe _| 46
a $20™" s™tg
0.1 0.909090909 (0.9 %
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Conclusion in Length Measurement Uncertainty

= Contributors
Measuring instrument
Calibration of measuring instrument
Environment
m  Good condition, good measurement
U. by instrument is the biggest U.
m High accuracy (nano-metrology)
U. by environment (temperature) is the biggest U.

m Complicated measuring instruments (CMM, height
gauge, video CMM): U. by strategy of measurement is
the biggest U.
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