UNCERTAINTY




Action

» Used Guide to the Expression of Uncertainty in Measure
(GUM) methods to develop the uncertainty

Result
» Uncertainty < target
» Highlighted major contributors (focused developments)



Black Body Comparison
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. List inputs

\/

3. Input uncertainties U

n 4

4. sensitivity coefficients &f or Af

5X,, AX,
5. Convert into measurand uncertainties; u(f(Xn)) =(&f/ &X,, )« U(X,;
6. Combine uncertainties u(f)2=X(f(xn))?

/. Express as 95% uncertainty U(f).



MATHEMATICAL MODEL

Calibration Equation

Field Equation

B,REF .
]"‘ KZ,REF 'EB,REF o K3,REF '(ED,REF o EB,REF) PMOD Equation

B,REF



T = 1

a+p.Ln(R)+v.(Ln(R))3




1. Unl
2. The sensitivity of the mea

Determined by either:

« Partial derivative of the model w.r.t. inpufts; or /
« Calculating the impact of small changes by inputs.




RELATIVE MAGNITUDE OF THE INPUTS

For a coefficient of 3.73 uV.W-'.m? the uncertainty is 0.25 uyV.W-".m< at a 95%

PIR vs PIR Standard Uncertainty Contributors
U(T)=0.10'C




RELATIVE MAGNITUDE OF THE INPUTS

For a coefficient of 12. 3 uV.W-I.m?2 the uncertainty is 0.28 uyV.W-'.m2 at a 95%

CGR4 VS CGR4 Standard Uncertainty Contributors
U(T)=0.10'C







RELATIVE MAGNITUDE OF THE INPUTS

For a coefficient of 3.73 uyV.W-'.m? the uncertainty is 0.18 yV.W-".m< at a 95%

PIR vs PIR Standard Uncertainty Contributors
u(T)=0.05'C




RELATIVE MAGNITUDE OF THE INPUTS

For a coefficient of 12. 3 uV.W-I.m?2 the uncertainty is 0.26 uyV.W-'.m2at a 95%

CGR4 VS CGR4 Standard Uncertainty Contributors u(T)=0.05'C
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Thermistors fempera
Uncertainty Incomplete

7

Small but insignificant difference between CGR4 and AR

WHAT HAVE WE ACHIEVED?
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Not Significant




High Emissivity Surfac

Thermopile
Signal Volt = S x (T,-T,)

Heat Sink Body '|'2




Radiating to space

Radiating up

<

Radiating down

Ground (288K)

Night

Temperature maximum
Day (in) 5780 K (5507°C) 0.5 um
Night (in) 255K  (-18°C) 1Tum
Terrestrial (out) 288K  (15°C) 10um

Recommended longwave uncertainty is:
5% or 10 W.m2 whichever is greater

e
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Select data from Qs
Calculate reference irradiance (PMOD calibratic
Filter for significant nett iradiance data (>40 W.m=);

Filter for stable irradiance data (<20 W.m=2.h!);

Calculate pyrgeometer sensitivity coefficient (Field Equation);
Select nights (>4 ) with sensitivity coefficients with o < 2%.

Calculate the uncertainty;



Reference Irradiance 01/01/2016 01/01/2016 Nett > 40 W.m2

Q0 <0p %00 %00 S0p 00y 20 ap 'Siop "80p <00p Ra0p Q09 <00 *0p S0p %0p 00, "0p "0y Siap "Si0p 0y g
01/01/2016 Raw V.W-1.m? 01/01/2016 Nett > 40 W.m™
4.00E-06 4.00E-06
3.80E-06 3.80E-06
E 360806 3.60E-06
> 340806 3.40E-06
3.20E-06 3.20E-06
3.00E-06 3.00E-06

00 200 *0p %00 00 00,20y %0y 5100 S 0500520y 00 <00 *0p S0p 00 00y "0y 40y "Si0p 'S0 Ci0p R0y



340.00

3.90E-06

3.85E-06

3.80E-06

3.75E-06

3.70E-06

3.65E-06

3.60E-06

01//01/2016 (Filtered <20 W.m=2.h'!)

01/01/2016 (-18° Dark)

— 340.00
QOO 2;00 4.-00 6;00 (9;00 /0’.00 /2_.00 /4_.00 /6_-00 /8..00 20-'00 22.00

01/01/2016 (-18° Dark)

3.90E-06

3.85E-06

3.80E-06

3.75E-06

3.70E-06

3.65E-06

3.60E-06




OB per V 3 OE | rer V
oC.or i i (1+ Kl'O-'TB,REF) GTB:REF =3. CI::: Ky rer 'O-'TBZ REF T 4'6'TB3,REF '(KZ,REF T K3,REF)
OE, g Vv
= = O'-Tss REF
0K rer REF OE | rer _ OE, per OTg per
ORgper OTgper ORgper

= 3.7/.Ln(RB’REF )2
Ln RB REF )3)2




REFERENCE IRRADIANCE UNCERTAINTY
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» Type A - by statistica
» Type B - by other means:

Purpose: to quantify a standard uncertainty



YSI 44031 (-10°C to +55 °C) 50 kQ to 5 kQ

\_/

Type A: laboratory

N

» Measure standard resistors with DMM in likely
ambient conditions (climate chamber)

» From scaftter of residuals determine
» Standard uncertainty (SD) and DOF



YSI 44031 (-10°C fo +55 °C) 50 kQ to 5 kQ

» Type B: Manufac

» The DMM specification
» 100 ppm of reading + 10 ppm of range (25%)

(over a 1 year calibration interval)

» Expanded U=11Q for the range 50 kQ to 5 kQ (95%)
» Stdu=5.5Q

(assuming cf 2.0 for a normal distribution)



u(TB,REF)
u(TD,REF)
U(RB,REF)
U(RD,REF)
u(VIUT)
u(TB,IUT)
u(TD,IUT)
U(RB,IUT)
U(RD,IUT)

-‘
L (UOC

Ref dome temperature (manufa

uring
Ref base temperature (DMM resistance measurement).
Ref dome temperature (DMM resistance measurement).
IUT thermopile voltage by the DMM.

IUT base temperature (manufacturing tolerance).

IUT dome temperature (manufacturing tolerances).

IUT base temperature (DMM resistance measurement).

IUT dome temperature (DMM resistance measurement)

U(CRepeat, IUT) Maximum ESDOM in C from a single night.

U(CRepro, IUT) ESDOM for combined nightly average.
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Reference calibration
KT refs K2ref' K3ref)

Temperatures base and dome (Tb,o;, Td )

e
Measure

4. Measurement of differential sky to eo
Performance of the temperature sensors (Vi)

Measurement of the sensors resistance 5.  Stability of the comparison sky

Measurement of differential sky to earth (V.¢) 6. Reproducibility of the comparisg



» Bureau reference to

Transfer Standards and

new network instruments

» Transfer Standards to

Network instruments



