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a) Scientific  Challenges
Climate monitoring

Energy (Reduced Consumption/Production)

Quantum Optics (Photonics)

Topics:

6th EURAMET General Assembly

Lyngby, Denmark, 22 to 24 May 2012
2

b) Evolving TCPR Roadmaps 2012

c) TCPR meeting 2012



TCPR Activities in the field ofTCPR Activities in the field of
Climate Monitoring and Earth ObservationClimate Monitoring and Earth Observation

1 EURAMET (TCPR) Project 1048 :
CSAR- Cryogenic Solar Absolute Radiometer 
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CSAR- Cryogenic Solar Absolute Radiometer 
Replacing the WRR of WMO with SI

2 EMRP ENV Call 2010:
ENV04 MetEOC
ENV03 Solar UV

Project 1048Project 1048:  :  Cryogenic Cryogenic Solar Absolute Solar Absolute RadiometerRadiometer --
Replacing the Replacing the WRR WRR ofof WMO WMO with with SISI (CSAR)(CSAR)

Cryogenic radiometer

Mechanical and 
thermal design

Ambient temperature 
transmission monitor 

Classical EURAMET 
Non-EMRP project

Run in 2008 - 2011

CSAR designed and 
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transmission monitor 
(MITRA)

Mechanical 
parts/aperture area

CSAR designed and 
built by NPL in 
collaboration with 
METAS and PMOD-
WRC of Switzerland 
(and WMO)

Replace “consensus” 
scale based on 40 yr
old instruments with SI 
primary standard

IPC XI (2010)  Davos 
Switzerland 120 
instruments 40 countries 



2010
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Designed to be an “engineering model” for space fligh t to provide 
not only TSI in space but also the establishment of  an NMI in space 
as part of the TRUTHS project (www.npl.co.uk/Truths )

“World Standard 
Group” of WMO 

Cryogenic Solar Absolute Radiometer (CSAR):

CSAR
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Group” of WMO 
(the WRR)

Reference for Climate and PV efficiency

First results:

CSAR has uncertainty 10 x lower 
than WRR

Results indicate bias of ~0.3 %

TSI from Space



JRP ENV04JRP ENV04: Metrology for Earth Observation and Clim ate : Metrology for Earth Observation and Climate ((MetEOCMetEOC): ): 
Project coordinator:  Project coordinator:  (Nigel.Fox@npl.co.uk)(Nigel.Fox@npl.co.uk)

On-board 
Calibration 
Standards

Establishing 
In-flight Traceability through 
Reference Standard 

Pre-flight 
Laboratory-based 
Calibration Standards and 
Methodologies

WP1

SI traceability 
in Vacuum

WP2

Partners:

Towards a European 
Metrology centre for 

earth observation and 
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An ‘NMI in Space’ for 
Benchmark Measurements of 
Climate

Reference Standard 
Measurements and Test-
sites

Creating Impact
• Uncertainty Training
• Best practices

WP3

WP4

WP5

Collaborators:
Ocean colour from

“Venice tower”

Cryogenic Solar
Absolute Radiometer

(CSAR)

earth observation and 
climate

http://www.emceoc.org

JRP ENV-04

JRP ENV03: JRP ENV03: Traceability Traceability for Surface Spectral Solar for Surface Spectral Solar 
Ultraviolet RadiationUltraviolet Radiation
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TCPR Activities towardsTCPR Activities towards
Energy  and Renewable Energy ProductionEnergy  and Renewable Energy Production

EMRP ENG Call 2009:
ENG05 SSL : Metrology for Solid State Lighting
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ENG05 SSL : Metrology for Solid State Lighting
2009-2012
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TCPR TCPR ActivitiesActivities in in fieldfield ofof
QuantumQuantum OpticsOptics / / PhotonicsPhotonics

1 iMERA JRP 2.3 Quantum Candela
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2 EMRP IND Call 2010:
2 IND06 MIQC: Metrology for Industial Quantum

Communication

Objective : to develop a pan-European measurement infrastructure to 

develop standards and characterisation facilities for commercial Quantum 

Key Distribution (QKD) devices. 

Quantum Key Distribution is 
• the creation and distribution of keys for encryptin g 

data using photons
is currently the only viable solution to future pro ofing 

Metrology for Industrial Quantum Communication 
Technologies
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• QKD devices require independent characterisation in  order to convince end-users that the 
technology is working within specification

• 3 year project: start Sept 2011, 8EU NMI, 1 APMP NM I, 3 Ind.Partners

www.miqc.org

• is currently the only viable solution to future pro ofing 
the security of our data



Key Outputs of MIQC
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Quantum channel

EvolvingEvolving TCPR TCPR RoadmapsRoadmaps 20122012

Climate/E0 ← Quality of Life

Basic Science ←  Quantum Based Standards

Energy (Production&Reduced Consumption) New
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Energy (Production&Reduced Consumption) New

Industry (Innovation& Growth) ← Visual Appearence



2006 2007 2008 2009 2010 2011 2012

RM 2012

EvolvingEvolving TCPR TCPR RoadmapsRoadmaps for Climate Monitoring/EOfor Climate Monitoring/EO
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RM 2006

Quality of Life

Climate 

monitoring/ 

Earth 

Observation
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“Climate” Triggers“Climate” Triggers

Climate changing - mitigation and adaptation strategies requires decadal 

time-based SI traceable measurement of bio/geo-physical parameters of 

the Earth

“Climate” Targets“Climate” Targets
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“Climate” Targets“Climate” Targets

> 80% EO data with uncertainty/ reliability

Remote sensed parameters with 5% Ui for reflectance/transmittance

Top of Atmosphere: TSI < 0.01%, SSI<0.1%, reflected solar<0.2%, 

emmited IR<0.003 K

Reliable prediction of  long-range weather

2006 2007 2008 2009 2010 2011 2012

RM 2006
RM 2012

EvolvingEvolving TCPR TCPR RoadmapsRoadmaps for Basic Science / Quantum opticsfor Basic Science / Quantum optics
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Quantum 

Photon Based 

Standards 

Basic 

Science/ 

Quantum 

Optics



The present Photonic Century based on rapidly developing optical technology and photon devices especially applied in the 
field of secure communication and quantum computing , but also in the emerging field of biophotonics , requires optical 
metrology based on better standards and calibration  chains including new optical quantum standards als o affecting 
fundamental metrology

Photon quantum state characterization

Sub-Shot Noise Source

Basic Science – quantum optics  / challenge: beyond classical limit

Certification of optical 

quantum based systems

Certified entangled photon states

Triggers

Targets

Experimental 
realisation

Quantum Enhanced Measurements

Absolute Single Photon Source

Photons on Demand

Single molecule biophotonics

Low-cost, high-accuracy transfer standards 

Linking classical and quantum radiometry

Establish new standards with

self-consistency within 10 -5
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Novel quantum optical devices and technology includ ing nanofabrication and materials research

New optical fibers (photonic crystals) and WDM syst ems

Progress in theory, quantum mechanics: entanglement , coding in non-commutating observables

Certified entangled photon states

Metrological 
application of 
basic science 

and technology

Enabling 
science and 
technology

2012 2015 2018 2022

New sources, detectors and materials

Quantum correlatated optical states

Non-linear characteristics of optical materials and  devices

Utilization of single photon sources and detectors

“BS” Triggers“BS” Triggers

Added  the emerging field of biophotonics

“BS” Targets“BS” Targets

6th EURAMET General Assembly

Lyngby, Denmark, 22 to 24 May 2012
20

added:

Quantum Enhanced Measurements (i.e. beyond classical limit -shot 

noise)

Single molecule biophotonics



2006 2007 2008 2009 2010 2011 2012

RM 2012

EvolvingEvolving TCPR TCPR RoadmapsRoadmaps for Energy Productionfor Energy Production & Reduced Consumption& Reduced Consumption

SSL (LED, ,.)
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Energy 

Production 

and Reduced 

Consumption

PV

NEW
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““EnergyEnergy” Triggers” Triggers

Need for a cheep carbonless energy production and for reduction of energy

consumption by using energy-efficient luminairs

““EnergyEnergy” Targets” Targets
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75 % saving of energy as incandescent are replaced

Extra 50 % saving on energy used for lighting by inteligent light management

Increase the European market share from 0.5 % in 2010 to 12 % in 2020. It

needs better calibration methods which can be applied to manufacturing

process

2006 2007 2008 2009 2010 2011 2012

EvolvingEvolving TCPR TCPR RoadmapsRoadmaps for Industry (Innovation and Sustainable Growth)for Industry (Innovation and Sustainable Growth)

Optical micro-
sensors  and 

Integrated Optics
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RM 2006

Pysical

measurements for 

visual perceptions

RM 2012

Industry

Fiber Optics
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Last TCLast TC--PR PR meetingmeeting : : MarchMarch 77--8, 8, 20201122, , EspooEspoo, , FinlandFinland
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Next TCNext TC--PR PR meetingmeeting : 2: 277--228 8 FebruaryFebruary, 2013, , 2013, LyngbyLyngby, , DenmarkDenmark


