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Graphical Representation of a Wave:

𝑆11 =
𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑

𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡

𝑆21 =
𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑

𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡

# S-parameters: 𝑛2







2 port example: 
Band-pass filter

# S-parameters: 4



● Real/Imaginary parts

● Real/Imaginary parts at different frequencies

● Different S-parameters

● Different DUTs

● Uncertainty components

● Measured values vs. temperature, humidity, time.

Correlations between …
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property of a measurement result whereby the result can be 

related to a reference through a documented unbroken chain of 

calibrations, each contributing to the measurement uncertainty

set of quantity values being attributed to a measurand 

together with any other available relevant information

METROLOGICAL TRACEABILITY

[VIM3] 2.41

Traceability 
pyramid



𝑺𝟏𝟏 =
𝒓𝒆𝒇𝒍𝒆𝒄𝒕𝒆𝒅

𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒕

Interaction between
measurand and 
uncertainty in the same
expression.

i.e.: Value=1 ; unc.= 0.001
f’(𝑥𝑖)=1 x (1±0.001)=?

Multivariate case
Y=y±U(y)

Influence quantities
(𝑥𝑖)

Measurement 

model f(𝒙𝒊)

𝑋1

𝑋2
𝑋3



Measurement 

model f(𝒙𝒊) Uncertainty model 

f( 𝒖𝒙𝒊)

ҧ𝑥1

𝑺𝟏𝟏 =
𝒓𝒆𝒇𝒍𝒆𝒄𝒕𝒆𝒅

𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒕

Y=y±U(y)

Sensitivity
coefficients

LPU

ҧ𝑥2
ҧ𝑥3



Measurement 

model f(xi)

𝑺𝟏𝟏 =
𝒓𝒆𝒇𝒍𝒆𝒄𝒕𝒆𝒅

𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒕

Rigorous method



Only 1 model (rigorous method)● Different models

Issues /Solutions



Only 1 model (rigorous method)

Uncertainty objects

● Different models

Issues /Solutions

● Mixed data types



Case 1: 

Measured voltaje: V= 5V

U(V)=1uV

Uncertainty object V=(5 , 1e-6)

Case 2: 

Measured voltaje:      V=(5 , 0)

U(V) = (0 , 1e-6)  Additive uncertainty

U(V) = (1 , 1e-6)  Multiplicative uncertainty

Calibration

certificate

Only 1 model (rigorous method)

Uncertainty objects

● Different models

● Mixed data types

Issues /Solutions



Only 1 model (rigorous method)

Uncertainty objects

Authomatic uncertainty propagation
through authomatic differentiation

● Different models

Issues /Solutions

● Mixed data types

● Complicated calculations
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MEASUREMENT MODEL

Graphical decomposition of a measurement model
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sin ∅
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Chain rule

𝑅 =
𝑉

𝐼
cos∅ 𝑋 =
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𝐼
sin ∅ MEASUREMENT MODEL

Graphical decomposition of a measurement model

Y1*Y2 Y1*Y3
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X Output dependencies
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Graphical decomposition of a measurement model
 Y1*Y2 Y1*Y3



Uncertainty Number (METAS UncLib)

Only 1 model (rigorous method)

Uncertainty objects

Authomatic uncertainty propagation
through authomatic differentiation

Record of dependencies. 
Correlations on demand (or explicitly saved)

Issues /Solutions

● Different models

● Mixed data types

● Complicated calculations

● Lack of correlations



XSD STRUCTURE







1-Port correlation @f0

Correlación Mag 2 puertos @f

GET_CORRELATION()

GUI METAS VNA Tools



Click to 
add text

|S11| correlation between different frequencies

GET_CORRELATION()

GUI METAS VNA Tools



Click to 
add text

GET_VALUE(y)

GUI METAS VNA Tools



Click to 
add text

GET_VALUE(y) ; GET_STDUNC(y) 

GUI METAS VNA Tools



Click to 
add text

Uncertainty on Complex plane 

10GHz-18GHz @1GHz step

GUI METAS VNA Tools



Click to 
add text

BUDGET(y)



Click to 
add text

Time Domain

GUI METAS VNA Tools



Click to 
add text



Click to 
add text



Click to 
add text

MT940A Insight Calibration and Measurement software

R&S ZNA-K50 Real time measurement uncertainty analysis



Click to 
add text

EXAMPLE ISO-GUM H2 with GTC

INPUT 
VARIABLES

MODEL

OUTPUT



Click to 
add text

OUTPUT

MODEL

INPUT 
VARIABLES

EXAMPLE ISO-GUM H2 with GTC



Click to 
add text

non-PTB DCC 

USER



Developer: Michael Wollensack
UncLib (Python) 
https://pypi.org/project/metas-unclib/

UncLib (MATLAB, C#)
https://www.metas.ch/metas/en/home/fabe/hochfrequenz/unclib.html

GUM TREE CALCULATOR (GTC) (Python) 
Developer: Blair Hall
https://pypi.org/project/GTC/
https://gtc.readthedocs.io/en/latest/install.html (Documentation)

pip install metas-unclib

pip install gtc

https://pypi.org/project/metas-unclib/
https://www.metas.ch/metas/en/home/fabe/hochfrequenz/unclib.html
https://pypi.org/project/GTC/
https://gtc.readthedocs.io/en/latest/install.html
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