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{HiDyn}
Normative Joint Research project EPM 21NRM01 HiDyn: 
• Start: 1st October 2022; Duration: 36 Months
• Consortium: six NMIs and three universities from seven European countries
• Coordination: PTB, Dr. Johannes Ledig

• Funded in the Normative Call 2021 of the European Partnership on Metrology (EPM) 
and Swiss national funding for two associated partners.

Project number: 21NRM01
Project name: Support for the standardisation of luminance distribution measurements for assessing 

glare and obtrusive light using high-dynamic-range imaging systems
Project acronym: HiDyn
Call: Pre-Co-Normative (2021)
Topic: SRT n08
Type of action: Metrology Partnership Research and Innovation actions
Granting authority: EURAMET e.V

Project administrative information
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Outline
• Needs
• Consortium and Objectives to be addressed
• Structure of the JRP
• Achievements
• Upcoming Dissemination, Workshops

Acknowledgement: The project has received funding from the European Partnership 
on Metrology, co-financed from the European Union’s Horizon Europe Research and 
Innovation Programme and by the Participating States.

Disclaimer: Funded by the European Union. Views and opinions expressed are however those of 
the author(s) only and do not necessarily reflect those of the European Union or Euramet e.V.. 
Neither the European Union nor the granting authority can be held responsible for them.



{HiDyn}
tasks involving vision in lighting environments 

with very high luminance contrast

Support for fundamental research

Increased safety in street lightingEvaluation of discomfort glare

Documenting environmental 
impact of light pollution

Needs for high-dynamic-range imaging systems 

Uptake of Outcomes and Impact
• National metrology institutes
• Manufacturers of imaging luminance measurement devices 

(ILMDs) implementing adjustments
• ILMD operators evaluating glare and obtrusive light 

(researchers, luminaire designers, assessors)
• Scientific community addressing obtrusive light and glare
• Citizen/communities impacted by obtrusive light, glare and 

high-contrast luminance scenes

Main Goal:
to enable the traceability of HDR luminance measurements

[TechnoTeam]

[demonstrating photos by partner ICCS]
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Chief Stakeholder:
International Commission 
on Illumination (CIE) 
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Objectives of EPM JRP 21NRM01 HiDyn

Main Goal: to enable the traceability of HDR luminance measurements
Objective 1: To develop luminance standards with high dynamic contrast pattern

2: To model and validate HDR luminance measurements
3: To develop a harmonised metric for generating traceable HDR-luminance images
4: To develop guidelines on the determination of uncertainty budgets
5: To contribute to the standards development work

Partners of the European consortium

10 PM

14 PM9 PM

26 PM

internal funded
(Euramet NMIs)

external funded
(universities)

Unfunded
(NMI and university)

22 PM 14 PM19 PM

12 PM 10 PM

Partners of the European consortium

17 PM

14.5 PM9 PM

18.5 PM

internal funded
(Euramet NMIs)

external funded
(universities)

Unfunded
(NMI and university)

22 PM 15.5 PM25 PM

12 PM 10 PM



{HiDyn}Work Packages and Tasks

WP1: Characterization of HDR imaging measurement systems for luminance, glare and obtrusive light (CSIC) 
Task 1.1: Development of high-contrast-luminance references standard source
Task 1.2: Development of procedures for the characterisation of HDR imaging measurement systems
Task 1.3: Experimental verification of HDR luminance measurements and assessment of glare and obtrusive light

WP2: Algorithm for traceable HDR-luminance imaging (CNAM)
Task 2.1: Development of an HDR algorithm selection method
Task 2.2: Selection of an HDR algorithm
Task 2.3: Implementation of the HDR algorithm into source code

WP3: Uncertainty evaluation of HDR luminance measurements (METAS)
Task 3.1: Development of a model for the uncertainty evaluation of HDR luminance measurements
Task 3.2: Development of a model to evaluate the uncertainty of glare and obtrusive light measurements

WP4: Creating impact (PTB)
Project Website: www.hidyn.ptb.de

WP5: Management and coordination (PTB)

2025-08-29 www.hidyn.ptb.de 6
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Achievements: CIE Conference 2023
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Achievements: field measurements in M18
Measurement session at the LED catwalk in Berlin (street installation for research) during the M18 full consortium meeting
Stable scene with additional targets for evaluation: grey cards, light traps, and three high contrast luminance sources (CMI)

Measurement devices: (various configurations of focus, aperture, neutral density filter, lens)
• ILMDs from four partners (TUB, CNAM, METAS, PTB)
• DSLRs from two partners (EPFL, PTB)
• spot luminance meter and flicker meter (PTB)

Photo of the measurement setup on 14.03.2024 HDR luminance image (logarithmic look-up table, luminance values > 430 cd/m² are clipped)
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Achievements: field measurement session in M29
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Achievements: CIE Conference 2025



{HiDyn}WP4: Creating impact
Dissemination in relevant technical committees:

Reportership on HDR for CIE Division 2 and new TC proposal:
METAS together with PTB will summarize output from WP1, WP2 
and WP3 to a report for the CIE (e.g., in terms of a Reportership
on HDR imaging measurements). In the same context, they will 
prepare a proposal for a new CIE TC on HDR measurements

Standards Committee 
/ Technical Committee 
/ Working Group

Partners involved

CIE TC 2-62 PTB
CIE TC 2-86 EPFL (chair), CNAM, METAS, PTB
CIE TC 2-95 METAS (chair), PTB
CIE TC 2-96 PTB (chair), CSIC, METAS
CIE TC 3-57 EPFL, TUB
CIE TC 4-xx TUB (chair)
CIE TC 4-50 TUB / monitoring via NCs
CIE TC 4-58 METAS
CIE TC 8-18 CSIC
CIE JTC 12 CSIC (chair), CNAM, METAS, PTB, CMI
CEN TC-169 – WG11 EPFL
CEN TC-169 – WG7 METAS, PTB
DIN FNL PTB

Dissemination to industrial stakeholders
dedicated to prerequisites for traceable instrumentation 
à exhibition booth at the CIE Quadrennial Session 2025, Vienna

Workshop for end users and research institutes
dedicated on an introduction to HDR measurement background, theory on 
glare and obtrusive light measurements, implementation guidelines on how 
to scale an HDR luminance image to a traceable spot measurement

Supportive stakeholders

Deliverable 8: contributions to new or improved 
international standards development work 

(focus on TCs of Division 2 and Division 4 of CIE)

2025-08-29 www.hidyn.ptb.de 14
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Characterization of imaging devices
using reference light sources

Johannes Ledig, Petr Kliment,
Alejandro Ferrero, Christian Schrader, 
Sumita Pommerol, Costi Bouroussis

August 28th 2025

{HiDyn}  
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Based on commercially available off-the-shelf components and 3D-printing technology:

• White LEDs on PCB and diffuser: Philipps FORTIMO LED DLM FLEX 5000/840 GEN2
LED module diameter of about 60 mm, colour temperature 4000 K, Luminous flux 5000 lm.

• LED driver (stabilised current source): XITANIUM 50W WH
AM dimming reduces the current through the LEDs

• Neutral density filters (as a stack inside a light mixing chamber) 
combined with dimming via a digital parameter of the driver

Ø Long term stability: repetitive operation, low drift after stabilization

Ø Prototype: 7 particular sources to cover 6 orders at hand
with luminance values from about 0.1 cd/m² to about 100 kcd/m² 

2025-08-29 17www.hidyn.ptb.de 

High contrast luminance source: revised prototype
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High contrast luminance source: revised prototype

0.1 cd/m2 StdDev 3.5% 1.0 cd/ m2 StdDev 3.0% 10 cd/ m2 StdDev 3.0%

1 000 cd/m2 StdDev 3.5% 10 000 cd/ m2 StdDev 3.3% 100 000 cd/ m2 StdDev 4.0%

Spatial uniformity (aperture diameter 45 mm, viewed by an ILMD placed normal to the emitting surface)

HiDyn 
source 
level

Nominal 
(A1.1.3) 

luminance 
(cd/m2)

Measured 
CCT (K)

quality index 
CIE

(251:2023)
ISM(ST)

(-)

Measured 
uniformity

StdDev (%)

Implemented optical ND 
filters 

Optical Density (-)

Power 
supply 

dimming
(%)

I. 0.1 3867 (SR) 0.000 3.49 0.7 0.8 0.9 0.9 1.5 3
II. 1 3879 0.005 3.03 0.7 0.8 0.9 0.9 1.5 28
III. 10 3839 0.008 3.04 0.7 0.8 0.9 1.5 - 47
IV. 100 3845 0.007 3.47 0.9 0.9 - - - 5
V. 1 000 3863 0.018 3.47 0.9 0.9 - - - 45
VI. 10 000 3831 0.013 3.27 0.7 - - - - 43
VII. 100 000 3720 0.016 3.95 - - - - - 62



{HiDyn}Characterization of ILMD-internal stray light

Point Spread Function (PSF)
for estimating the straylight in measurements close to the light source

2025-08-29 www.hidyn.ptb.de 19
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Achievements: lab-based measurement session in M18

HDR luminance image with one source lit (top) 
and with all sources lit (botom)Photo of the setup at CMI, with room illumination

LDR luminance image with all luminance sources lit

Characterization of ILMDs and industrial vision cameras using seven prototypes 
of the revised high contrast luminance source in a measurement session at the 
lab of CMI in Prague on 05.-07.03.2024 together with partners CSIC and METAS.

Using various arrangement of sources and ILMD configurations (lenses, aperture)
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Design Guide: high-contrast luminance source
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High contrast luminance source: replicated at METAS
Design guide (internal draft, used by METAS)
•Bill of Materials, 3D printed parts (STL-files)
•Assembly manual; minor modifications @METAS

Photo of the setup at METAS, with room illumination
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Motivation and example
• measurement uncertainty for ILMD-based HDR measurements for glare assessment
• “HiDyni”-reference source dedicated for characterization of ILMDs

(seven LED-based luminance sources and a light trap)

False colour luminance image with room illumination and 
each of the seven HiDyni sources blanked out by a cover

Fase colour luminance image with all seven sources 
open and lit, demonstrating straylight and ghosts
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How to estimate straylight? First steps...
• use single-source HDR images
• determine ghost corridor (dark triangle)
à mask out most of the ghosts

• background considered as ideal black!
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First results...

• with loglog-scaling mostly linear (if sufficient signal and not near source) 
à power function, not exponential! Can be modelled by 𝑎 ⋅ 𝑟!
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Straylight estimate by 𝑎 ⋅ 𝑟!
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Spread of straylight-parameters for ILMD lenses
log loglog

star region

• small variation of parameters between lenses
• variation caused by focus distance even smaller

8mm
35cm:  a=0.000458, b=1.98
47cm:  a=0.000613, b=2.03

500cm: a=0.001079, b=2.12
12mm
35cm: a=0.001413, b=2.22
47cm: a=0.001050, b=2.17

500cm: a=0.001440, b=2.22
-1cm: a=0.000373, b=2.02
-2cm: a=0.000275, b=1.95

25mm
35cm: a=0.000092, b=1.79
47cm: a=0.000066, b=1.74

500cm: a=0.000133, b=1.85
50mm
35cm: a=0.000346, b=2.03
47cm: a=0.000333, b=2.03

500cm: a=0.000673, b=2.14
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Straylight estimate in field measurements

HDR luminance image of a high-contrast outdoor scene Image of the modeled straylight estimate
(ILMD-internal straylight)
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Straylight estimate in field measurements
Relative straylight estimate image
indicating < 1 % in bright and > 50 % in dark regions
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Example for straylight from outside image
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Example for straylight from outside image

Characterization of effects
(internal and external stray light, …)

using individual sources, while others
are OFF

Verification
with all sources ON

at the same time
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White dark room with black curtain
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White dark room with black curtain
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White dark room with black curtain



Checklist of ILMD configuration
To avoid significant errors which cannot be covered by uncertainties 

Johannes Ledig, Christian Schrader, Fabien Eloi



{HiDyn}
TechnoTeam LMK 98-4 color: 
self heating by about 14°C

39

ILMD Temperatur characteristic after power on 

www.hidyn.ptb.de 
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aspects that should be ensured

2025-08-29
www.hidyn.ptb.de 

o Good state of device components
correct assembly and professional handling, i.e. clean and not damaged, 
documentation of usage and relevant aspects of storage/transport, 
(consider using clean room gloves when handling optical surfaces and blow dust away by N2 or oil free air)

40



aspects that should be ensured
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o Good state of device components
correct assembly and professional handling, i.e. clean and not damaged, 
documentation of usage and relevant aspects of storage/transport, 
(consider using clean room gloves when handling optical surfaces and blow dust away by N2 or oil free air)

o Selection of an adequate objective lens (aperture, focal length and zoom) 
resulting in a field of view that is fitting to the application, i.e. a focal length as large as possible.

o Selection of an adequate neutral density filter (c.f. integration time)
to avoid extremely short integration times where the timing uncertainty gets relevant

o to avoid/reduce effects of Temporal Light Modulation (TLM)
o Setting of utilized optical components into the control software 

i.e. type and serial number of the objective lens, neutral density filter.
(this is relevant also for relative measurements inside the image, it might reset to default after start-up)

o Adjustment data loaded into the control software
(configuration file, calibration file for internal corrections, user defined corrections) belonging to the actual condition 
(consider aging and replacement/maintenance of components since the characterization)

o Stabilized internal temperature for all components 
i.e. ILMD in operation (powered up and initialized, i.e. imaging loop) for more than one hour

o Dark signal correction inside the control software 
belonging to the operation mode (i.e. binning, smoothing, integration time) 
and aging state (pixel characteristic might change)



{HiDyn}
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Dark image incl. optical black pixel (ICX285)

2025-08-29



o Zoom value of the objective lens
o Aperture value of the objective lens
o Neutral density filter
o Focus value of the objective lens 

measurement plane in focus,
focus setting or focus distance provided to the control software

o Integration time
sufficiently long to reach a signal level well above the detection limit 
but within the dynamic range and to avoid sensor-internal timing issues in the µs-domain, 
integration time should be an integer multiple of the temporal light modulation period;
avoid blooming as this in general also affects the result from all other pixel) by using an appropriate ND-filter 
(and setting this inside the control software, c.f. neutral density filter).

o Region of interest: 
is each evaluation region many pixels in size and homogeneous?
consider smoothing parameters (i.e. averaging or median filtering)

control software corresponding to hardware setting

2025-08-29
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Temporal modulated light: PWM example

Periods Error for +2ms

>3 ≈+25 % (-7%...+25%)

>5 ≈16 % (-4%...+16%)

>20 ≈4 % (-1%...+4%)

• Small deviation from the integer 
multiple of the modulation period
à results in a hughe uncertainty

integration time / ms

Waveform
Mean of the waveform
ILMD signal
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Temporal modulated light: phase shift

• Error depends on the waveform
(e.g. larger for PWM than for a sinus) 

• Error depends on the phase shift 
regarding the waveform and 𝑡!"#

• Measurement signal vs. integration time 
oscillates around the mean value

• Uncertainty need to considder the
alignement to the waveform phase
(triggering might hide the effect in 
repetitions but does ot cancle it out)

integration time / ms

Waveform 𝜑 = 0°
Mean of the waveform
ILMD signal

Waveform 𝜑 = 90°
Mean of the waveform
ILMD signal

Periods Error

3,5 ≈10 %

5,5 ≈6 %

20,5 ≈1,5 %

Periods Error

>3 ≈5 %

>5 ≈3 %

>20 ≈0,8 %



Verification tests to indicate absence of issues

2025-08-29
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o Check zero reading 
(dark signal measurement, verify the internal offset correction)

o Check measurement of a luminance standard (factor 𝑓"#$) 
using different signal levels or use a referenced luminance
using different signal levels to verify also non-linearity and absence of 
significant offset issues (or use a referenced luminance, i.e. by means of an 
illuminance meter or a luminance spot

o Check it again >10min later 
(stability of standard and measurement device)

o Reproducibility 
remount objective lens, reset focus, zoom and aperture, rotate filter wheel
use a different integration time (to verify the result)
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