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Global forum for progressing the state-of-the art

Consultative Committee for

Photometry.............c..c.......

Describes the effects of visible light
on the human eye, in terms of
brightness (photometry) and
colour(colorimetry)

Radiometry ...................

Metrology related to the
physical measurement of the
properties of electromagnetic
radiation, including visible light

www.bipm.org



‘ Warhol, Marilyn
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700 b USS is the estimated values of shipments in industries like
automotive, textile, printing, fashion, food, where unacceptable
appearance may result in « NO SALE »

www.bipm.org



Smart energy
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Luminous efficiency
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‘ 8 Luminous efficiency

1% improvements of luminous efficiency of LED luminaires will eventually
save electrical energy for 4 billion €/year globally

www.bipm.org
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6W =40W ?
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Mole 71
Candela 79 Metre 83
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The luminous efficacy of monochromatic
radiation of frequency 540 x 10'2Hz, K, is
683 Im/W.

www.bipm.org
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International Agreement and consistency

CCPR-S3: comparison of cryogenic radiometers

Wavelength: 514 nm

The uncertainty bars correspond to the expanded uncertainty k = 2
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Green diamond indicates the dfference value [x; - x 5] resulting from the subsequent bilateral comparison between
BIPM and IEM.
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Transformative technology

I Invented in 60s in the USSR and the US

Nobel prize to Basov, Prokhorov, Townes

Was recognized as an amazing discovery “from science fiction”

Was thought to be a useless “science toy”: “a solution
looking for problem”

www.bipm.org |
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From laser to WEB 2.0

N
9@,
@

Broad-band data transmission is enabled by fiber-optical
communication

Laser is a key component

Dramatic impact on modern society in the past decade
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Manipulating single photons

p BS

Adding a single photon Subtracting a single photon

Time delocalisation of singles photons
www.bipm.org




Second Quantum Revolution
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Quantum Communication

O Already a real-world technology

Vision: Consumer quantum cryptography
" (quantum bank card/ATM, quantum door/car key...)

O Security (e-commerce; smart grids...)

(_’g@ntique
__SENETAS §5—

UNIVERSITE
DE GENEVE

Challenges: Continental-scale quantum
communication (Quantum repeaters)
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Quantum Sensing

Mo

www.bipm.or_

Potential in many areas

Sensing: sub-micron imaging of
tissues for early detection and
diagnosis of health problems

532 nm laser planar neuronal sample
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Environment and climate

“.a';’;?."{"':,:’f?..":m";"m’:':;, T — Measurement to Climate
SR it schmn <3 pea " | Bunch Gnbe 3 W o 30 o mera wEh Data Record (CDR) need:

Essential Climate Variables (ECV) : - B

The Global Climate Observing System (GCOS) of UN has defined 50 ' ' Y\
ECVs that must be observed accurately over the long term to support —- 3
climate modelling (~2/3 have an optical related measurand)

)

‘Msazuramant of CH radicals and
tamparsturs Intha 1.5 um - 16 um
ranga requires < 1 % uncertainty
B MGHEDC Wi it -

Atmospheric ECVs:
Surtace:
mwnw-mmnnn pead and diaction,

Wﬂl’ IJ “P pttaton and
budgat

Upperal:
Tamparaturs, wind speed nd droction, watar
vapour, doud proparties, Earth radiation
budgat (Induding scdar iadianca).

Subswca:
Temparaturs, sallty, cumar, rutriants, caon
ks parttal prezsurs, cesan ackty, axygen
andtracers.

GCOS raquiras LA uncartainty of 20%
and 1APAR 10 ; satsllka variabiity ks

bast peactices and mathods to targat
GCOS raquramants.
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‘ Environment and climate

ot anca (1S e cur ity mageto Measurement to Climate

0.3% uncartainiy; MItEOC2,
CSAR Wil achive <0.05%.

W

* Incoming Total Solar Irradiance -0.01%
* Incoming spectral Solar irradiance (300 — 2400 nm) -0.3% ..";;mmf:;vﬁ
sirfaca radiation budgat.
Ocean ECVs:
* Earth reflected solar spectral radiance (320 — 2400 nm) -0.3% S e o O—
— Globally @ 50 m spatial resolution & 5 nm spectral s, poma e, Qi =

ks parttal prezsurs, cesan ackty, axygen
andtracers.

— Can be convolved to address many ECVs and applications

B dctarge, vati e, geundwaty Lbas sow conr
glacion and ks shaats, psmareat, albedo, land GCOS raquiras LAl urcartainty of 20%.
Covar (Indluding vegetation typal, raction of absorbad I TAPAR of 10 ; sataliks varia bty b

LA, ove-ground blomass, zol carban, fir disturbance
andsol moksfurs. mﬂl:‘smﬂmulg-
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CCPR

Global forum for progressing the state-of-the art

Grand Challenges

www.bipm.org
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‘ Facilitating dialogue between NMIs and stakeholders

International Human vision 2
Iso Organization for Colour C I e
Standardization tech n ologies
CCPR
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‘ Facilitating dialogue between NMIs and stakeholders
|

CCT
CCEM
Regulators, Governments
OIML -
Accredited Calibration/
Testing Laborateries
CIPM/CGPM - 1LAC-
Standardization Organizations
1s0, 1EC Industry
Health and Safety Lighting Industry
WHOE Photovoltaic
IMEKO Semiconductor
IEEL Colour Industry
Automotive fAerospace
. _ Optical Communication
Stakeholders CCPR Climate Research EBreplziy el Tmeeme
WMO - World Radiation Reference Materials

Earth Observation

Academia

CIE -

Partner Organizations

Measurement Instrument
Manufacturers

Calibration/Testing Laboratories
RMOs,NMI - Academia

Regulators, Governments

Research Programs

Military

www.bipm.org



Global comparability of measurements

International Key Comparisons are performed to benchmark claimed
competencies of the National Metrology Institutes (NMls) and Designated
Institutes (Dls) for standards that are needed to underpin

v photometry,
v’ optical properties of detectors and sources,
v’ optical properties of materials and fiber optics.

Six key measurands have been identified, two for each of these field
v luminous intensity & luminous flux,
v’ spectral irradiance & spectral responsivity,
v’ spectral diffuse transmittance and spectral regular reflectance,
leading to 10 key comparisons to cover different spectral ranges.

www.bipm.org 23



Global comparability of measurements

The CCPR allows Regional Metrology Organizations (RMOs) to coordinate

v’ subsequent key comparisons for NMIs or Dls in their regions to
demonstrate compatibility with a larger number of laboratories.

v’ regional comparisons for additional quantities related to photometry,
radiometry and fibre optics

Following from discussions started before 2014 in a devoted Task Group of the
CCPR, the first key comparison ever undertaken in the far-infrared spectral region
was carried out between 3 NMIs and published in a peer-reviewed journal

IEEE Transactions on Terahertz Science and Technology, vol. 6, 5, 2016.

It represents a milestone which will greatly benefit commercial development of
instrumentation and sensors for remote sensing, THz imaging, high-speed
telecommunications, and time-domain spectroscopy.

www.bipm.org 24


https://ieeexplore.ieee.org/document/7530930/
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