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Questionnaire on activities in radiometry and photometry

Reply from: VIT MIKES

Delegate: Erkki Ikonen

1. Summarize the progress in your laboratory in realizing top-level standards of:

(a) broad-band radiometric quantities :
(b) spectral radiometric quantities :
(c) photometric quantities :

2. What other work has taken place in your laboratory in scientific or technological
areas relevant to the CCPR?

Answers to questions 1) and 2) are highlighted below and their relation to the indicated
EMPIR projects is also specified by the project abbreviation. These are results where
many project partners have contributed and the references in the bibliography in point 8)
give a more complete description of some of the results.

PhotoLED: This project has developed LED standard lamps to be used in photometric
calibrations and comparisons in order to allow lower measurement uncertainty at
NMIs and at test laboratories. Also, a reference spectrum for photometric
calibrations has been proposed to CIE within this project. Furthermore, a fisheye
camera method for angular non-uniformity correction of integrating spheres in
luminous flux measurements has been developed and validated. The new method
allows lower uncertainty, lower costs, and easier measurement as compared with
earlier methods based on goniophotometers.

Siqust: The MIKES contribution to this project uses a predictable single-photon source based
on a silicon vacancy centre in a nano diamond, which is optically excited by a pulsed
laser. By changing the repetition rate of the pulsed laser, we are able to reduce in a
controlled manner the photon flux of the single-photon source. This project aims also
for further development of the Predictable Quantum Efficient Detector (PQED) for
measurement of low optical flux.

MIKES and/or Aalto University participate in the following EMPIR projects in the
technological areas relevant to the CCPR:

- PhotoLED: Future photometry based on solid state lighting products (2016-2019)
- Advanced PV energy rating (2017-2020)

- Metrology for Earth observation and climate Il (2017-2020)

- Towards documentary standards for BRDF based quantities (2017—2020)
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- Pavement surface characterization for smart and efficient road lighting (2017-2020)

- Improvement of emissivity measurements on reflective insulation materials (2017—
2020)

- Siqust: Single-photon sources as new quantum standards (2018—-2021)

- Self-calibrating photodiodes for the radiometric linkage to fundamental constants
(2019-2022)

- New quantities for the measurement of appearance (2019-2022)

3. What work in PR has been/will be terminated in your laboratory, if any, in the past
/future few years? Please provide the name of the institution if it has been/will be
substituted by a DI or accredited laboratory.

reply

4. What are present, new or emerging needs of users of your services that are not being
supported sufficiently by current CCPR activities or initiatives? In the light of this
information please suggest desirable changes in the future working program of the
CCPR.

reply

5. What priorities do you suggest for new research and development programmes at
NMls in the area of Photometry and Radiometry?
reply

6. Are there any research projects where you might be looking for collaborators from
other NMils or are there studies that might be suitable for collaboration or
coordination between NMls?

reply

7. Have you got any other information to place before the CCPR in advance of its next
meeting?
reply

8. Bibliography of radiometry and photometry papers of your laboratory since the last
CCPR (September 2016)?

Refereed journal publications

H. Baumgartner, A. Vaskuri, P. Karha, and E. Ikonen, “Temperature invariant energy
value in LED spectra,” Appl. Phys. Lett. 23, 231103, 4 p. (2016).

P. Jaanson, T. Pulli, F. Manoocheri, and E. Ikonen, “A reference material with close to
Lambertian reflectance and fluorescence emission profiles,” Metrologia 53, 1330—
1338 (2016).

H. Baumgartner, D. Renoux, P. Karha, T. Poikonen, T. Pulli, and E. Ikonen, “Natural
and accelerated ageing of LED lamps,” Lighting Res. Technol. 48, 930— 942 (2016).
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E. Tetri, S. Bozorg Chenani, R.-S. Rasdanen, H. Baumgartner, M. Vaaja, S. Sierla, L.
Tahkamo, J.-P. Virtanen, M. Kurkela, E. Ikonen, L. Halonen, H. Hyypp4&, and |. Kosonen,
“Tutorial: Road lighting for efficient and safe traffic environments,” LEUKOS 13, 223—
241 (2017).

A. Vaigu, G. Porrovecchio, Xiao-Liu Chu, S. Lindner, M. Smid, A. Manninen, C. Becher,
V. Sandoghdar, S. Gotzinger, and E. Ikonen, “Experimental demonstration of a
predictable single photon source with variable photon flux,” Metrologia 54, 218-223
(2017).

C. Strothkamper, A. Ferrero, A. Koo, P. Jaanson, G. Ged, G. Obein, S. Kallberg, J.
Audenaert, F. B. Leloup, F. M. Martinez-Verdq, E. Perales, A. Schirmacher, and J.
Campos, “Multilateral spectral radiance factor scale comparison,” Appl. Opt. 56,
1996-2006 (2017).

M. Shpak, P. Karha, and E. lkonen, “Mathematical limitations of the CIE mesopic
photometry system,” Lighting Res. Technol. 49, 111-121 (2017).

T. Pulli, S. Nevas, O. El Gawhary, S. Van Den Berg, J. Askola, P. Karha, F. Manoocheri,
and E. lkonen, “Nonlinearity characterization of array spectroradiometers for the
solar UV measurements,” Appl. Opt. 56, 3077-3086 (2017).

P. Karha, A. Vaskuri, H. Mantynen, N. Mikkonen, and E. lkonen, “Method for
estimating effects of unknown correlations in spectral irradiance data on
uncertainties of spectrally integrated colorimetric quantities,” Metrologia 54, 524—
534 (2017).

A. Kokka, T. Pulli, T. Poikonen, J. Askola and E. Ikonen, “Fisheye camera method for
spatial non-uniformity corrections in luminous flux measurements with integrating
spheres,” Metrologia 54, 577-583 (2017).

T. Donsberg, F. Manoocheri, M. Sildoja, M. Juntunen, H. Savin, E. Tuovinen, H.
Ronkainen, M. Prunnila, M. Merimaa, C. K. Tang, J. Gran, |. Muller, L. Werner, B.
Rougie, A. Pons, M. Smid, P. Gal, L. Lolli, G. Brida, M. L. Rastello, and E. Ikonen,
“Predictable Quantum Efficient Detector based on n-type silicon photodiodes,”
Metrologia 54, 821-836 (2017).

P. Jaanson, A. Bialek, C. Greenwell, H. Mantynen, J.-L. Widlowski, F. Manocheri, A.
Lassila, N. Fox, and E. Ikonen, “Toward Sl traceability of a Monte Carlo radiative
transfer model in the visible range,” IEEE Trans. Geosci. Remote Sens. 56, 1360-1373
(2018).

T. Pulli, T. Karppinen, S. Nevas, P. Karha, K. Lakkala, J. M. Karhu, M. Sildoja, A. Vaskuri,
M. Shpak, F. Manoocheri, L. Doppler, S. Gross, J. Mes, and E. lkonen, “Out-of-Range
Stray Light Characterization of Single-Monochromator Brewer Spectrophotometers,”
Atmosphere-Ocean 56, 1-11 (2018).
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A. Vaskuri, C. Greenwell, |. Hessey, J. Tompkins, and E. Woolliams, “Contamination
and UV ageing of diffuser targets used in satellite inflight and ground reference test
site calibrations,” Journal of Physics: Conf. Series 972, 012001, 9 p (2018).

A. Vaskuri, C. Greenwell, and E. Woolliams, “Setup for studying speckle noise of
spectroradiometer diffusers in Earth observation applications,” Journal of Physics:
Conf. Series 972, 012002, 5 p (2018).

P. Karha, A. Vaskuri, T. Pulli, and E. Ikonen, “Key comparison CCPR-K1.a as an
interlaboratory comparison of correlated color temperature,” Journal of Physics:
Conf. Series 972, 012012, 4 p (2018).

H. Baumgartner, K. Kylmanen, O. Kantamaa, P. Karha, and E. Ikonen, “LED based
reference for wavelength and relative intensity,” Journal of Physics: Conf. Series 972,
012010, 5 p (2018).

F. Manoocheri, T. Donsberg, M. Sildoja, M. Smid, G. Porrovecchio, and E. Ikonen,
“Liquid nitrogen cryostat for predictable quantum efficient detectors,” Journal of
Physics: Conf. Series 972, 012021, 3 p. (2018).

A. Vaskuri, P. Kdrha, H. Baumgartner, O. Kantamaa, T. Pulli, T. Poikonen, and E.
Ikonen, “Relationships between junction temperature, electroluminescence
spectrum and ageing of light-emitting diodes,” Metrologia 55, S86—S95 (2018).

A. Vaskuri, P. Karha, L. Egli, J. Grébner, and E. Ikonen,“Uncertainty analysis of total
ozone derived from direct solar irradiance spectra in the presence of unknown
spectral deviations,” Atmos. Meas. Tech. 11, 3595-3610 (2018).

A. Kokka, T. Poikonen, P. Blattner, S. Jost, A. Ferrero, T. Pulli, M. Ngo, A. Thorseth, T.
Gerloff, P. Dekker, F. Stuker, A. Klej, K. Ludwig, M. Schneider, T. Reiners, and E.
Ikonen, “Development of white LED illuminants for colorimetry and recommendation
of white LED reference spectrum for photometry,” Metrologia 55, 526—534 (2018).

J. Askola, Y. Calkin, A. Vaskuri, T. Poikonen, and E. Ikonen, “Accelerated ageing of
organic LED panels using ultraviolet exposure,” Light. Res. Technol. 0, 1-12 (2018).
DOI: 10.1177/1477153518819654

K. Salffner, T. Donsberg, G. Porrovecchio, M. Smid, K. Nield, S. Nevas, “Char-
acterization of a room temperature predictable quantum efficient detector for ap-
plications in radiometry and photometry,” Metrologia 55, 654 (2018).

A. Kokka, T. Pulli, A. Ferrero, P. Dekker, A. Thorseth, P. Kliment, A. Klej, T. Gerloff, K.
Ludwig, T. Poikonen, and E. Ikonen, “Validation of the fisheye camera method for
spatial non-uniformity corrections in luminous flux measurements with integrating
spheres,” Metrologia 56, 045002, 9 pages (2019).
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A. Kokka, T. Pulli, E. Honkavaara, L. Markelin, P. Karha, and E. Ikonen, “Flat-field
calibration method for hyperspectral frame cameras,” Metrologia 56, 055001, 8
pages (2019).

H. Baumgartner, B. Oksanen, P. Karha, and E. Ikonen, “Optical Characterization of IlI-
V Multijunction Solar Cells for Temperature-Independent Band Gap Features,” IEEE J.
Photovolt. (2019). DOI: 10.1109/JPHOTOV.2019.2933190

O. Pekkala, T. Pulli, A. Kokka, and E. Ikonen, “Setup for characterising the spectral
responsivity of Fabry-Perot-interferometer-based hyperspectral cameras,”
Metrologia (accepted for publication).

T. Donsberg, T. Poikonen, and E. Ikonen, “Transconductance amplifier for optical
metrology applications of light-emitting diodes,” IEEE Trans. Instrum. Meas.
(accepted for publication).

Conference papers

P. Karha, A. Vaskuri, N. Mikkonen, J. Grobner, L. Egli, and E. Ikonen, “Monte Carlo
analysis of uncertainty of total atmospheric ozone derived from measured spectra,’
International Radiation Symposium IRS 2016, AIP Conference Proceedings 1810,
110005 (2017).

)

A. Vaskuri, P. Karha, A. Heikkild, and E. Ikonen, “Facility for determining action
spectra of UV photodegradation,” International Radiation Symposium IRS 2016, AIP
Conference Proceedings 1810, 110011 (2017).

K. Lakkala, A. Heikkila, P. Karh3, I. lalongo, T. Karppinen, J.-M. Karhu, A. V. Lindfors,
and O. Meinander, “25 years of spectral UV measurements at Sodankyl3,”
International Radiation Symposium IRS 2016, AIP Conference Proceedings 1810,
110006 (2017).

A. Heikkild, S. Kazadzis, O. Meinander, A. Vaskuri, P. Karha, V. Myllari, S. Syrjala, and
T. Koskela, “UV exposure in artificial and natural weathering: A comparative study,”
International Radiation Symposium IRS 2016, AIP Conference Proceedings 1810,
110004 (2017).

A. Heikkila, K. Uusitalo, P. Kdrha, A. Vaskuri, J. Kaurola, K. Lakkala, and T. Koskela,
“Variability of daily UV index in Jokioinen, Finland, in 1995 —2015,” AIP Conference
Proceedings 1810, 110003 (2017).

P. Karha, A. Vaskuri, H. Baumgartner, T. Pulli, T. Poikonen, O. Kantamaa, and E.
Ikonen, “Relationships between junction temperature, electroluminescence
spectrum, and ageing of LEDs,” Proc. of the 13th Int. Conf. on New Developments
and Applications in Optical Radiometry (NEWRAD 2017), Tokyo, Japan, 13 — 16 June
2017, pp. 13-14.
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P. Jaanson, H. Mantynen, F. Manoocheri, J.-L. Widlowski, A. Bialek, C. Greenwell, N.
Fox, A. Lassila, and E. Ikonen, “Towards S| traceability of radiative transfer models,”
Proc. of the 13th Int. Conf. on New Developments and Applications in Optical
Radiometry (NEWRAD 2017), Tokyo, Japan, 13 — 16 June 2017, pp. 30-31.

L. Egli, P. Karha, A. Vaskuri, and J. Grobner, “Uncertainty calculations of total column
ozone retrievals from spectral direct solar irradiance measurements,” Proc. of the
13th Int. Conf. on New Developments and Applications in Optical Radiometry
(NEWRAD 2017), Tokyo, Japan, 13 — 16 June 2017, pp. 48-50.

T. Pulli, S. Nevas, P. Karha, T. Karppinen, J. M. Karhu, K. Lakkala, A. Vaskuri, M. Shpak,
F. Manoocheri, L. Doppler, S. Gross, J. Mes, and E. lkonen, “Stray light
characterization of Brewer MKII spectrophotometers, Proc. of the 13th Int. Conf. on
New Developments and Applications in Optical Radiometry (NEWRAD 2017), Tokyo,
Japan, 13 — 16 June 2017, pp. 59-60.

A. Vaskuri, P. Karha, L. Egli, J. Grébner, and E. Ikonen, “Monte Carlo -Based Method
for determining total ozone column uncertainty: Izafia Campaign,” Proc. of the 13th
Int. Conf. on New Developments and Applications in Optical Radiometry (NEWRAD

2017), Tokyo, Japan, 13 — 16 June 2017, pp. 63-64.

A. Vaigu, G. Porrovecchio, X.-L. Chu, S. Lindner, M. Smid, A. Manninen, C. Becher, V.
Sandoghdar, S. Gotzinger, and E. Ikonen, “Experimental demonstration of a
predictable single photon source with variable photon lux,” Proc. of the 13th Int.
Conf. on New Developments and Applications in Optical Radiometry (NEWRAD 2017),
Tokyo, Japan, 13 —16 June 2017, pp. 71-72.

H. Baumgartner, K. Kylmanen, O. Kantamaa, P. Karh3, and E. Ikonen, “LED based
reference for wavelength and relative intensity,” Proc. of the 13th Int. Conf. on New
Developments and Applications in Optical Radiometry (NEWRAD 2017), Tokyo, Japan,
13 -16 June 2017, pp. 90-91.

T. Kubarsepp, A. Pokatilov, H. Kruusla, K. Dhoska, G. Brida, J. Gran, C. K. Tang, T.
Donsberg, F. Manoocheri, and E. Ikonen, PQED for measurement of fiber optic
power,” Proc. of the 13th Int. Conf. on New Developments and Applications in Optical
Radiometry (NEWRAD 2017), Tokyo, Japan, 13 — 16 June 2017, pp. 120-121.

P. Karha, A. Vaskuri, T. Pulli, and E. Ikonen, “Key comparison CCPR-K1.a as an
interlaboratory comparison of correlated colour temperature,” Proc. of the 13th Int.
Conf. on New Developments and Applications in Optical Radiometry (NEWRAD 2017),
Tokyo, Japan, 13 — 16 June 2017, pp. 124-125.

T. Donsberg, F. Manoocheri, M. Sildoja, M. Juntunen, E. Tuovinen, H. Ronkainen, M.
Prunnila, M. Merimaa, C. K. Tang, J. Gran, |. Muller, L. Werner, B. Rougie, A. Pons, M.
Smid, P. Gal, L. Lolli, G. Brida, M. L. Rastello, and E. Ikonen, “Predictable quantum
efficient detector based on n-type silicon photodiodes,” Proc. of the 13th Int. Conf.
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on New Developments and Applications in Optical Radiometry (NEWRAD 2017),
Tokyo, Japan, 13 — 16 June 2017, pp. 132-133.

F. Manoocheri, T. Donsberg, M. Sildoja, M. Smid, G. Porrovecchio, and E. Ikonen,
“Liquid nitrogen cryostat for predictable quantum efficient detectors,” Proc. of the
13th Int. Conf. on New Developments and Applications in Optical Radiometry
(NEWRAD 2017), Tokyo, Japan, 13 — 16 June 2017, pp. 209-210.

J. Heinonen, M. A. Juntunen, H. S. Laine, V. Vahanissi, P. Repo, T. Donsberg, H. Savin,
“Black silicon n-type photodiodes with high response over wide spectral range,” Proc.
Optical Sensors 2017, SPIE 10231, 102310X (2017).

A. Kokka, T. Pulli, T. Poikonen, J. Askola, and E. Ikonen, “Fisheye camera system for
determining spatial non-uniformity corrections in luminous efficacy measurements
with integrating spheres,” Proc. of CIE Midterm Meeting 2017, Jeju, Republic of
Korea, 23 — 25 October 2017, pp. 203-207.

J. Askola, T. Poikonen, T. Pulli, and E. Ikonen, “Characterizing an integrating sphere
photometer for measurements of solid-state lighting panels,” Proc. of CIE Midterm
Meeting 2017, Jeju, Republic of Korea, 23 — 25 October 2017, pp. 538—543.

E. Ikonen, A. Vaskuri, H. Baumgartner, T. Pulli, T. Poikonen, O. Kantamaa, and P.
Karha, “Online measurement of LED junction temperature for lifetime prediction,”
Abstracts of the CIE Midterm Meeting 2017 (Jeju, Korea, 2017) p. 36-37.

H. Baumgartner, J. Oksanen, T. Pulli, T. Poikonen, and E. Ikonen, “LED-based standard
lamp for realization of photometric units,” Abstracts of the CIE Midterm Meeting
2017 (Jeju, Korea, 2017) p. 38-39.

T. Donsberg, H. Mantynen, and E. lkonen, “New optical aperture area determination
method for LED photometry,” Abstracts of the CIE Midterm Meeting 2017 (Jeju,
Korea, 2017) p. 90-91.

M. Gramegna, |. Ruo Berchera, S. Kueck, G. Porrovecchio, C. J. Chunnilall, I. P.
Degiovanni, M. Lopez, R. A. Kirkwood, T. Kiibarsepp, A. Pokatilov, N. Castagna, J.
Morel, F. Manoocheri, and A. Vaigu, “European Coordinated Metrological Effort for
Quantum-Cryptography,” Proc. SPIE 10674, Quantum Technologies 2018, 106741K, 7
p. (May 21, 2018).

J. Askola, H. Baumgartner, T. Pulli, A. Vaskuri, P. Kdrha, and E. Ikonen, “Influence of
Adaptive Street Lighting on LED Luminaire Lifetime,” Abstracts of the CIE 2018 Smart
Lighting Conference (Taipei, Chinese Taipei, 2018) pp. 23-24.

A. Vaskuri, H. Baumgartner, T. Donsberg, P. Karha, and E. lkonen, “Junction
Temperature of Smart Lighting Luminaires Obtained with Pulsed Dimming,” Abstracts
of the CIE 2018 Smart Lighting Conference (Taipei, Chinese Taipei, 2018) pp. 129-130.
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P. Karha, A. Vaskuri, L. Egli, J. Grébner, and E. Ikonen, “Uncertainty of Total Ozone
Column values derived from direct solar spectra,” Annual meeting of the Nordic
Ozone and UV Group (NOG), April 25-26, 2018, Reykjavik, Iceland.

O. Pekkala, T. Pulli, A. Kokka, and E. Ikonen, “Setup for characterising the spectral
responsivity of Fabry-Perot-interferometer-based hyperspectral cameras,”
Proceedings of the Thirteenth Japan-Finland Joint Symposium on Optics in
Engineering (Espoo, Finland, and Tallinn, Estonia, 2019) pp. 39—40.

P. Karha, H. Baumgartner, K. Kylmanen, B. Oksanen, and E. Ikonen, “Measurement
setup for differential spectral responsivity of solar cells,” Proceedings of the
Thirteenth Japan-Finland Joint Symposium on Optics in Engineering (Espoo, Finland,
and Tallinn, Estonia, 2019) pp. 50-51.

J. Rossi, J. Uotila, T. Laurila, E. Ikonen, and M. Vainio, “Broadband Electromagnetic
Radiation Detector Based on Photoacoustic Effect,” Proceedings of the Thirteenth
Japan-Finland Joint Symposium on Optics in Engineering (Espoo, Finland, and Tallinn,
Estonia, 2019) pp. 89-90.

T. Donsberg, S. Porrasmaa, F. Manoocheri, and E. Ilkonen, “Predictable Quantum
Efficient Detector (PQED) based on n-type silicon induced junction photodiodes,”
Proceedings of the Thirteenth Japan-Finland Joint Symposium on Optics in
Engineering (Espoo, Finland, and Tallinn, Estonia, 2019) pp. 95-96.

T. Donsberg, T. Pulli, A. Klej, T. Poikonen, and E. Ikonen, “Constant-voltage driven
temperature stabilized luminous flux LED standard lamp with E27 base,” Abstracts of
the Conference at the 2019 CIE Session (Washington DC, United States, 2019) pp. 46—
47.

A. Kokka, T. Pulli, A. Ferrero, P. Dekker, A. Thorseth, P. Kliment, A. Klej, T. Gerloff, K.
Ludwig, T. Poikonen, and E. Ikonen, “Comparison of the fisheye camera method with
goniophotometers for measuring relative angular intensity distributions of light
sources,” Abstracts of the Conference at the 2019 CIE Session (Washington DC,
United States, 2019) pp. 117-118.

T. Pulli, A. Vaskuri, P. Karha, H. Mantynen, and E. Ikonen, “General tool for es-
timating effects of unknown correlations on spectral integrals,” Abstracts of the
Conference at the 2019 CIE Session (Washington DC, United States, 2019) pp. 186—
187.

O. Pekkala, T. Pulli, A. Kokka, and E. Ikonen, “Setup for characterizing the spectral
responsivity of Fabry-Perot-interferometer-based hyperspectral cameras,” Abstracts
of the Conference at the 2019 CIE Session (Washington DC, United States, 2019) pp.
206-207.
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241.

T. Poikonen, T. Pulli, A. Kokka, T. Dénsberg, M. Smid, P. Kliment, A. Pons, A. Ferrero,
T. Kiibarsepp, P. Gal, T. Gerloff, S. Kallberg, P. Dekker, A. Thorseth, S. Jost, A. Klej, G.
Brida, T. Reiners, P. Blattner, F. Stuker, K. Ludwig, and M. Schneider, “Future
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the 2019 CIE Session (Washington DC, United States, 2019) pp. 243-244.

T. Gerloff, C. Schrader, A. Sperling, T. Pulli, T. Dénsberg, M. Smid, P. Kliment, A. Pons,
A. Ferrero, P. Gal, G. Brida, P. Blattner, F. Stuker, and M. Schneider, “Luminous
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Proceedings of the 29th CIE Session (Washington DC, United States, 2019) pp. 77-84.

A. Ferrero, A. Kokka, T. Pulli, T. Poikonen, T. Schneider, F. Stuker, P. Blattner, A. Pons,
and E. lkonen, “Definition of a spectral mismatch index for spectral power
distributions,” Proceedings of the 29th CIE Session (Washington DC, United States,
2019) pp. 85-92.

H. Baumgartner, A. Vaskuri, P. Karha, and E. Ikonen, “Failing mechanisms of LED
lamps,” Proceedings of the 29th CIE Session (Washington DC, United States, 2019)
pp. 373-378.
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