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Basic uncertainty concepts 



Error
is NOTthe same as

Uncertainty



https://sisu-vana.ut.ee/measurement/introduction-concept-measurement-uncertainty



https://sisu-vana.ut.ee/measurement/origin-measurement-uncertainty



Uncertainty vs. error

Uncertainty:
• Describes the spread of a probability distribution i.e. standard deviation

Error:
• The result of measurement imperfections
• From random and systematic effects

Correction
• Where an error is known, it can be corrected by applying a correction
• There will always be an unknown residual error

Consistency in terminology is important!



Systematic and random effects:

EFFECT
• Calibration of reference
• Alignment
• Noise
• Lamp current setting
• Lamp current stability
• Temperature sensitivity

• SYSTEMATIC
• Yes
• If not realigned
• No
• Probably – if constant
• Probably not
• Depends on how much 

temperature is changing

Effects are random or systematic 
depending on the measurement 
process itself

lamp measured 5 times



https://sisu-vana.ut.ee/measurement/origin-measurement-uncertainty



Standard deviation

• Describes the spread of the sample values about the 
mean

• A measure of the precision of the sample values

• The standard deviation is formalised as: σ =

± (𝑥𝑥1−�̅�𝑥)2+(𝑥𝑥2−�̅�𝑥)2+(𝑥𝑥3−�̅�𝑥)2+(𝑥𝑥4−�̅�𝑥)2…+(𝑥𝑥𝑛𝑛−�̅�𝑥)2

𝑛𝑛−1
=

± ∑𝑖𝑖=1𝑛𝑛 (𝑥𝑥𝑖𝑖−�̅�𝑥)2

𝑛𝑛−1 Sigma (lowercase) – used to 
denote the standard deviation



Standard uncertainty associated with the mean
• Tells us about the uncertainty associated with an average

• Expressed as u(y): uncertainty associated with variable ‘y’

• Standard uncertainty is a margin whose size can be thought of as ±
one standard deviation

𝑢𝑢 =
𝜎𝜎
𝑛𝑛Standard uncertainty 

associated with the 
mean

Standard deviation or 
spread of the results:
Uncertainty associated 
with a single value

Number of samples



N=5 , s*1.41
N=10, s*1.13
N=25, S*1,04 

Standard uncertainty associated with the 
mean for small number of repeats



Uncertainty propagation in HyperCP



Full characterisation FRM Class based
Factory
(TriOS only)

SeaBird

Sirrex-7* RadCal
uncertainties

Non-FRM Class based
(SeaBird only)

Full FRM 
branch

Class based
branch

Full 
Instrument 

Char.

RadCal
Instrument 

Char

HyperOCR TriOS

Input Data (L1AQC)

Instrument based 
correction

Instrument-specific 
uncertainties 
propagated

FRM-compliant with 
small uncertainties

Yes No

Yes

No

HyperOCR TriOS

Class-specific 
uncertainties 
propagated

HyperOCR TriOS

FRM-compliant with 
bigger uncertainties

Class-specific 
uncertainties 
propagated

Non-FRM-compliant 
with large uncertainties No uncertainties

* The Seventh SeaWiFS Intercalibration Round-Robin Experiment (SIRREX-7), March 1999.

• Dark current noise
• Linearity of response
• Calibration/stability
• Straylight response
• Angularity of response
• Thermal response
• Polarization response

Instrument Characterization:



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

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


Uncertainty Results – PySAS sample data



Uncertainty Results – PySAS sample data





Congratulation!

I finished and you survived ;-)
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