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Welcome to the National Physical Laboratory



“It is critical data and derived products are easily 

accessible in an open manner and have 

associated with them an indicator of their quality 

traceable to reference standards (preferably SI) 

to enable users to assess its suitability for their 

application i.e. its fitness for purpose.”

Principle
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Framework Heritage

Climate
Change

Experience from previous projects 
provides basis for EDAP framework



Climate

Change

-> To understand whether the product producer provides 

sufficient information to allow a user to fully 

understand the status of the data product and to 

determine if best practices are being followed in 

generating the product

Quality Assurance Evaluation

Evolved from



 Should describe high-level principles and activities common for 

assessment of all EO missions.

 Starting point is to describe the “ideal” case for a given category –

aspiration which may not often be met.

 Grading based on mission fitness for purpose based on stated 

performance and application area.

 Assessment itself is the “ideal” case. Some aspects of assessment 

may be out of scope within EDAP.

EDAP Framework Principles



Quality Assessment Matrix

Quality Assessment Guidelines document then 
provides criteria for how to grade each category



Grading Criteria 

Example: Sensor Calibration Pre-flight  



Grading Criteria 

Example: Uncertainty Characterisation Method
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The Measurement Function

• The measurement function converts the observed quantities into 
the measurand

𝐿𝐸 = 𝑎0 +
𝑎1𝐿𝑇 − 𝑎2𝐶𝑇

2

𝐶𝑇
𝐶𝐸 + 𝑎2𝐶𝐸

2 + 0

(AVHRR like example)

• Note that in FIDUCEO we try and ensure that we understand the 
uncertainties associated with each term but also have a physically 
based understanding of all components of the equation



The Measurement Function

𝐿𝐸 = 𝑎0 +
𝑎1𝐿𝑇 − 𝑎2𝐶𝑇

2

𝐶𝑇
𝐶𝐸 + 𝑎2𝐶𝐸

2 + 0

Radiance of 
calibration target

Calibration Target 
Counts

Earth Counts
Calibration 
Parameters



The Measurement Function

𝐿𝐸 = 𝑎0 +
𝑎1𝐿𝑇 − 𝑎2𝐶𝑇

2

𝐶𝑇
𝐶𝐸 + 𝑎2𝐶𝐸

2 + 0

Bias term. May be related 
to difference is the view 
of the instrument 
between Earth view and 
Space View for example. 
May be a function of 
time/instrument 
temperature

Instrument Gain 
term. For the AVHRR 
especially Impacted 
by errors in 𝐿𝑇

Non-linear term. 
Assumes a 
quadratic.

Assumptions and 
approximations 
in measurement 
function













FIDUCEO RV3, 12th October 2018,Brussels

Capture in an effects table
Table descriptor Value / Expression

How this is 

provided

Notes

Name of effect

Affected term in measurement function 

Correlation type and 
form 

within scanline [pixels]

from scanline to scanline

[scanlines]

between orbits

[orbits]

Across time [e.g. days, 

months, years]

Correlation scale

within scanline [pixels]

from scanline to scanline

[scanlines]

between orbits

[orbits]

Across time 

Channels / bands

List channels and bands 

affected

Correlation matrix

Uncertainty

PDF shape

Uncertainty units

Uncertainty magnitude

Sensitivity Coefficient

Correlation forms:
• Random
• Systematic / Rectangular 

absolute
• Triangular (simple average)
• Bell shaped (weighted average 

and other effects)
• Repeating rectangular/bell 

shaped (orbital effects)
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FIDUCEO RV3, 12th October 2018,Brussels

Match-ups

Sensor to 
sensor

Reference to 
sensors

• Reference radiance, or 
sensor-to-sensor

• Many (150 million +)

• Correlated



FIDUCEO RV3, 12th October 2018,Brussels

Harmonisation

For all dual-sensor matchups in the full sensor series minimise

𝐾𝑖,𝑗 − 𝐿𝑖  𝑋𝑖 ,  𝑎𝑖 − 𝐿𝑗  𝑋𝑗 ,  𝑎𝑗

where for the reference sensor

𝐿𝑖  𝑋𝑖 ,  𝑎𝑖 ≡ 𝐿𝑖
Calibration models

Calibration coefficients

Sensor state variables (i.e. Level-0 data)

Radiance measured by the reference sensor (i.e. Level-1 data)

Radiance difference expected due to differing spectral response



FIDUCEO RV3, 12th October 2018,Brussels

FIDUCEO develops a palette of optimisation 

methods

ODR EIV m-ODR m-EIV

O
p

ti
m

is
e calibration 

parameters
yes yes yes yes

sensor state 
variables

yes yes - -
A

cc
o

u
n

t

independent 
random
errors

yes yes yes yes

common 
random 
errors

yes yes yes yes

structured 
random 
errors

- yes - yes



Operational AVHRR K Residual

FIDUCEO RV2, 12th October 2018,Brussels



FIDUCEO RV3, 12th October 2018,Brussels



Contents of harmonisation 

datasets

Besides calibration parameters the harmonisation 
output includes state-of-the-art information on 
uncertainty.

The uncertainty of calibration coefficients is 
characterised by an error variance-covariance 
matrix.

The error variance-covariance matrix is the key to 
transform the uncertainty of the calibration into an 
uncertainty of the calibrated radiance!

From the error variance-covariance matrix we can 
derive the error correlation matrix (see figure) which 
is more intuitive for explaining the concept.

FIDUCEO RV2, 12th October 2018,Brussels
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L1L2 processing often 

involves combining data 

from different spectral 

channels and sometimes 

involves combining data 

from different image 

pixels



What is the covariance between the Earth radiance 
values in different spectral channels due to the 

uncertainty associated with the common effect in 
the internal calibration target temperature?

FIDUCEO workshop, Lisbon – 17th to 19th April 2018

Introducing CURUTCT



Introducing CURUTCT

  

  

A 1

ICWT,A 5

A 2 A

B 1

ICWT,B 5

B 2 B

1

1

,

,

exp

exp

L

L

c
L

c T

c
L

c T



 



 







An error in the 
temperature of the 
internal calibration 
target will affect all 
channels. But not 
equally



FIDUCEO workshop, Lisbon – 17th to 19th April 2018

Introducing CURUTCT

𝑉𝐿E,𝑇 =

𝑐𝐿A,𝑇 0 0

0 𝑐𝐿B,𝑇 0

0 0 𝑐𝐿C,𝑇

𝑢𝑇 0 0
0 𝑢𝑇 0
0 0 𝑢𝑇

1 1 1
1 1 1
1 1 1

𝑢𝑇 0 0
0 𝑢𝑇 0
0 0 𝑢𝑇

T
𝑐𝐿A,𝑇 0 0

0 𝑐𝐿B,𝑇 0

0 0 𝑐𝐿C,𝑇

T

𝑐𝐿A,𝑇 =
𝜕𝐿E,A
𝜕𝐿ICT,A

𝜕𝐿ICT,A
𝜕𝑇

𝑢 𝑇

Temperature uncertainty
in K

The same throughout by 
definition

Full correlation

Covariance matrix 
for Earth 

Radiances in 
different channels 
due to common 

temperature error

Sensitivity coefficient to 
convert from temperature 

to Earth radiance 
uncertainty



More CURUTCT

FIDUCEO workshop, Lisbon – 17th to 19th April 2018

𝑽𝐿E,𝐶E =

𝑐𝐿A,𝐶E 0 0

0 𝑐𝐿A,𝐶E 0

0 0 𝑐𝐿A,𝐶E

𝑢𝐶𝐴 0 0
0 𝑢𝐶𝐵 0
0 0 𝑢𝐶𝐶

1 0 0
0 1 0
0 0 1

𝑢𝐶𝐴 0 0
0 𝑢𝐶𝐵 0
0 0 𝑢𝐶𝐶

T
𝑐𝐿A,𝐶E 0 0

0 𝑐𝐿A,𝐶E 0

0 0 𝑐𝐿A,𝐶E

T

𝑐𝐿A,𝑇 =
𝜕𝐿E,A
𝜕𝐶E,A

𝑢 𝐶EA

Earth Count uncertainty
Likely to change from 

channel to channel

No correlation

Covariance matrix for Earth 
Radiances in different channels due 

to errors in Earth Counts

Sensitivity coefficient to 
convert from Earth counts 

to Earth radiance 
uncertainty



Bringing CURUTCT together

𝑽𝐿E =  

Effects, 𝑖

𝑪𝑖𝑼𝑖𝑹𝑖𝑼𝑖
T𝑪𝑖
T

𝑽𝐿E = 𝑪𝐶E𝑼𝐶E𝑹𝐶E𝑼𝐶E
T 𝑪𝐶E
T + 𝑪𝑇𝑼𝑇𝑹𝑇𝑼𝑇

T𝑪𝑇
T

What is the covariance between the Earth radiance values 
in different spectral channels due to the uncertainty 
associated with the common effect in the internal 
calibration target temperature and the uncertainty 

associated with the independent effect Earth Counts?
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