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Measurement Matters
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Some terminology

*Accuracy
*Precision
*Repeatability
*Reproducibility
*Reliability
*Traceability




Measure the GUM Way

JCGM 100:2008

GUM 1995 with minor corrections

Evaluation of measurement
data — Guide to the expression
of uncertainty in measurement

Evaluation des données de mesure —

Guide pour Fexpression de Fincertitude de
mestre

http://www.bipm.org/en/publications/guides/gum.html



*Errors are mistakes while uncertainties are not.
*Errors are idealized and can never be known.

Uncertainties are:
e guantifiable

oT
T
oT

here exist formal methods for their determination.
ney are of two kinds: A and B.

hey are transferrable.



Rand
andom Type A

Errors Uncertainties

Systematic Type B
Errors Uncertainties

*Avoid the term “human error” —a human error is a mistake!

Type A e Evaluated Statistically

Type B e Evaluated by other means




Readi Ng versus Measurement

From a reading(s) emerges data.

From a measurement, one infers
physical information about the
measurand.




Measurement is an inference

about the measurand

Best estimate
Dispersion or spread
Probability distribution
Coverage or confidence
Units



Rounding off

3.05 3.0
3.15 3.2
3.25 3.2
3.35 3.4
3.33 3.3
3.36 3.4

Concept of precision in numerical values

How is 2 different from 2.0?
*How is 2 different from 2.00?



Rounding off a reading
Is all this an error?

2V Scale e -1.99999 V
e +1.99999 V
20V Scale ¢ 199999 v
* +19.9999V

Measurement
#1
1.67543
4

1.67543 V

¥

1.68V

B E———

Measurement

#2 1.66329
v




How does arithmetic affect precision?

R=8.92/3.5x107
= 2548.571429 Q)

% precision in
voltage = 0.06% | % 8.92V

% precision in
current = 0.01%

Reasonable

answer=?




Example question

— N
N

N~

Mass of the can = 0.562 kg
Mass of the can with liquid = 1.5778 kg
Mass of the liguid="?



Another example question

e D=50.1 mm
e Volume =7

V=%nD3

Precision in the ‘pth” power of a measurand ‘n’
is [np].



Type B Evaluations



Probabilistic interpretation (Scenario 1)

Probability density
/ (1/V)
) A ’ A

1.335 1.340 1.345
Voltage / V

(1.340 % ¢)V




Probabilistic interpretation (Scenario 2)

Probability density
/ (1/V)
A | A

1.336 1.340 1.345
Voltage / V

(1.340 % ¢)V

Need for simplicity!




’ Probabilistic interpretation of
uncertainty in a single reading

Probability density
/ (1/V)

Voltage / V
1.675 1.680 1.685

Uniform probability distribution

Length of the interval 2A = 1.685-1.675=0.010 V

Half of the length A =0.010/2 =0.005 V

Standard uncertainty is *



Inference about the measurand

Probability density
)

Voltage / V
1.675 1.680 1.685

(1.680 £ 0.003)V

Uniform pdf

65% confidence




Sources of type B uncertainty

Digital resolution or scale or finite resolution

u, =0.0028V

Accuracy or rating £ 1%

1.680+0.01x1.680=1.697
1.680—0.01x1.680=1.663

2A =0.034
Voltage / V A — 0017

u =A/~3=0.0098V

Probability density
/ (1/V)

1.663 1.680 1.697



Combined standard uncertainty

u_ =0.0028V u =0.0098V

u=Ju+u> =0.0028 +0.0098> = 0.010V

(1.68% 0.01) V
(1.680% 0.010) V

Coverage probability 68%

Standard uncertainty = Gaussian
distribution




Erroneous recordings

(1.34 + 0.005) V

(1.34+2.0) V

(1.34+0.1) V
@ (1.34+0.12) V

(1.34 + 0.02) V

(1.340 + 0.12) V




Common Type B Probability
Distributions

Digital measuring instrument A A
1/2A

uzA/\/g —

1/A

Analog instruments

uzA/\E .



Digital scale

e 836¢
e 83.62¢
¢ 83.627¢

Analog scale

(o'e)
g

90

iR

90




Reading 83.45 g on an analog scale

>

A=0.05g
u=0.02¢g

Estimate of the measurand is (83.45 £0.02) g
assuming a triangular PDF
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The Gaussian Distribution:
Mean and Standard deviation

1 _(x=x)°

p(x) = oo 2

"Bell Curve"

Standard Normal
Distribution

— ;_-._-] -
Z-Score -4 -35 -3 -25 -2 -15 -1 -05 0 05 1 35 4

2 25 3

1.5
Standard _ - - -
Deviation dg 30 20 10 0 +10 +20 +30 +40
0.1° 2.3 15.9% 50 84.1% Q7. 7%
Cumulative

Percent



Let’s try this out...

(9.38 + 0.05) V

(9.3+0.5)V



Absolute accuracy ratings of instruments
UT50B

£k

Registered Design No.: 0211977 _6M003

[DuwnluadManual ]

Modern Digital Multimeters

SPECIFICATIONS

Basic Functions Range Best Accuracy
DC Voltage 200m\i2\200200N1 000 L (0.5%+1)
AL Voltage 220020007 S0V +(0.8%+3)
DC Current 2m A2DmA200m 47204 + (0.8%+1)
AC Current 20m A/200mA20A £ (1%+3)
Resistance 200W2KW20KW 200K WI2ZNTW200W I 200MW + (0.8%+1)
Capacitance 20nF200nF{2mF1 D0mF £ (4%+3)
Temperature (°C) -40°C ~ 1000°C * (1%+3)
Temperature (°F) -40°F ~ 1832°F i(1%+~4}
Special Functions
Diode ol
Continuity Buzzer '
Data Hold W
Dizplay Backlight Auto Sensor o
Full lcon Display W
Sleep Mode W
Low Battery Display W
eaas wemmeman [ o v
_M ax. Dizplay 1999 o
GENERAL CHARACTERISTICS
Power 9 Battery (6F22)
LCD Size 59 x 23mm
Product Colour Red and Grey
Product Net Weight 2759
Product Size 165 % 80 x 38.3mm
Standard Accessories Teat Lead, Battery, English Manual, Point Contact Temperature Probe, Test
Clip
Standard Individual Packing Gift Box
Standard Quantity Per Carton  |40pcs
Standard Carton Measurement |5958 x 418 x 340mm
(Around 0.085 CBEM Per Standard Carton)
Standard Carton Gross Weight  |21kg

Specifications and other information are subject to change without further notice. Back to main menu



Mini Analog MultiMeter

Convenient pocket MultiMeter
With easy to read color coded analog display

Features:

» Easy to read analog display

= Measure AC/DC Voltage, DC Current,
Resistance and Decibel

» 5% full scale accuracy
= Battery test on 9V and 1.5V batteries

» Complete with protective holster,
test leads and 1.5V AA battery

Easy to read color coded
analog display




Type A Evaluations



Repeated experiment of sliding a ball down a plane







Statistics of multiple readings

s
Mean or Average 1
n
standard )
Z ( xz . )

5 = i
\ :



Take 10 balls out at random.
Find their mean and put
them back.




How does one calculate o.. and &?




Relation between o, and o

d,=x;,—xDeviation o :
e=x-X Error |E =@

2 2
O_zzzei ,O_mzzzE_ E2:%[Z(ei2)+zz“eiej]
n i

n
where £ =x — X <E2>:%<Z(elg)>+l[226iej]
zzﬁ_x n n -
1 n 0'm2=%[0'2]
E:lze,‘




Relation between o, cand s

21 _s TakingAverage
Z :—Z(xl.—x)
| n n S2 :O-Z_sz
=—>Y (e—E)’ 5°
1 =0 ——
—[D (e’+E*-2¢E)] n
n_l o)
l[Zez+nE2—2EZ:e] = ( n )o
2 +E2—2E(Z— o2 = (— )
n n—1
2 1
n £ sz:( )S
n—1




Practical Example 1 (Falling Paper)




Combining Uncertainties
from different distributions

08% AN

dddddddd
tion ~40

TR . ——
(Type B)

635%

_ 2 2
U= \/uscatter uresponse

X-A X X+A




Commonly used probability distribution
functions associated with measurements

- Probability distribution Standard Extended
Evaluation type function type uncertainty (u) Uncertainty
Type B }, 1u=58%
Rectangular = ?’—_2 = QRO
A single digital 9 . V3 1.65u =95%
dng | | e
reading 5 1.73u = 100%
1u=65%
Type B |
_ Triangular u= ?——2 1.81u=95%
A single analog y
reading 2450 =100%
Type A 1u =68%
- _GO
For a set of repeated Gaussian U="r= 2u =95%

measurements

3u =99%




Practical Example 2 (Pendulum)

Specifications

Resolution: The basic timing resolution of the Smart Timer i1s 100 microseconds 1

all modes except Stopwatch, which is 10 ms.

Calculated Values: Calculated values are displayed to one or two decimal places
with typical accuracy being +/- 1 in the least significant digit. For extremely high
speeds (such as might be generated by hand spinning a Super Pulley), accuracy is
degraded for calculated parameters because of the very short timing intervals
involved.



Worked example of dispersion related
uncertainty

) (m0)’

4.615 -10 100
4.638 13 169
4.597 -28 784
4.634 S 31
4.613 -12 144
4.623 -2 4
4.659 34 1156
4.623 -2 4
Mean=4.625 2=2442

SEM is 0.017 Q




Probabilistic interpretation

A A mean is chosen.

[\ Thereisa68%
probability that the
ean will lie in this
\/ region

(4.625 + 0.017 ) &

(4.62 +0.02) Q

Gaussian pdf

/! 4.6:25 \ “R/Q

4.625-0.017 4.625 +0.017

68% coverage



Propagating Uncertainties

R e e R T

-
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Cleft

What is the length of the rod?




Rationale

)%E;thx X best xb + 0X

est



Implementing the propagation recipe

L=XTY wl=ul+u
I =X— y uzz i-l—ui
2 2
Z — xy M?Z(Xlxty) ‘|‘(yl/tx)
(0 V()

z=xly W=|2| + 3
Y/ Y







