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Outline {HIiDy}

* Needs

* Consortium and Objectives to be addressed
e Structure of the JRP

 Achievements

* Upcoming Dissemination, Workshops

N
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Needs for high-dynamic-range imaging systems {HiD }

/ tasks involving vision in lighting environments \ / Uptake of Outcomes and Impact \
with very high luminance contrast

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

filter wheel control

filter wheel

scattered light

digital data optimized lens

transfer

A/D conversion — |l

low noise

Support for fundamental research Documenting environmental Main Goal: analog electronic sensor [TechnoTeam]
impact of light pollution }

to enable the traceability of HDR luminance measurements
[demonstrating photos by partner ICCS] \
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Objectives of EPM JRP 21NRMO1 HiDyn {HiDy '}

Main Goal: to enable the traceability of HDR luminance measurements Chief Stakeholder:
Objective 1: To develop luminance standards with high dynamic contrast pattern International Commission
2: To model and validate HDR luminance measurements on lllumination (CIE)
3: To develop a harmonised metric for generating traceable HDR-luminance images B A it commsson omaton
4: To develop guidelines on the determination of uncertainty budgets I\ oo scuenngtommison
5: To contribute to the standards development work

Partners of the European consortium

internal funded external funded Unfunded
(Euramet NMls) (universities) (NMI and university) ?
\LCs
2;4_,
BPIB CSIC lecnam (§) ©METAS
25 PM 22 PM 15.5 PM 18.5 PM 17PM ‘

i
M A TV  =reL 7 N

Aalto University

12 PM 10 PM 9 PM 14.5 PM @
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Work Packages and Tasks {HiD }

WP1: Characterization of HDR imaging measurement systems for luminance, glare and obtrusive light (CSIC) 8
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 ®
B A

] -

WP5: Management and coordination (PTB)

*"= [TechnoTeam]
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Achievements: CIE Conference 2023
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Schrader, C., Ledig. J. SPECTRAL DEPENDENT NON-LINEARITY OF CHARGE ACCUMULATING PIXEL...

multiple regions in the image because the corresponding scene may contain elements of differ-
ent spectral distributions. But for this simple linear non-linearity function only two data points
with sufficiently large distance at the signal/load scale are required to estimate the effective
slope.

5 Example measurement

Figure 10 - Exemplary scene based on eleven luminance standards of different colour

To verify the approach an exemplary scene was measured. The scene consists of a set of LED
based luminance standard sources with different colour and luminance level, see Figure 10.
The analogue signal processing non-linearity fy, sigproc Originates from the averaged spectral
measurements in Figure 7 between 350...500 nm. To rate the combined non-linearity that is to
be determined, the overall non-linearities for each source are derived from a high-resolution
series regarding the integration time steps. The size of the evaluation regions of each source
were 31x31 pixels of the image. These reference non-linearities are shown in Figure 11.

10100

normalized signal rate

Figure 11 -Reference non-linearities for each source

Then, the data for the estimation of the spectral non-linearity was gathered by a low-resolution
series with just enough integration times to collect for each source at least two images with a
signal load between 20% and 100%. No pixel of the evaluation region should be in overload
(end of the AD-converter range). The 20% limit at the lower end should ensure that the signal
is not dominated by noise. In the following evaluation we use only the two images with lowest
and highest load level according to above limits.

a1
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Figure 3 - Sequence of adding subsequently the different types of camera errors to the ground
truth. The units of the value in the colour coded values are those for the decimal logarithm of
the luminance, logro(cd/m?).

2.3 Lumi images, ging and final of

In a third step, the virtual is done from sil camera . It is based
on going through the process inversely, i.e. correcting virtually from the camera response all
those effects that can be corrected as for a real camera, as non-uniformity or non-linearity. This

method allows the impact of the errors to be The dark is
performed by subtracting to the GT xmage the response obtalned by the model when a zero
matrix is used as input, of the dark of the camera using

the same integration time. The F.... mamx used for correcting tne nonuniformity is obtained from
the response of the model when a constant matrix is used as input, simulating the flatfield
characterization, where the camera is exposed to a uniform field (Milton, A.F. et al., 1985,
Schulz, M. et al., 1995, Perry, D.L. et al., 1993, Zhou, H. et al., 2005, Ferrero, A. et al., 2006).

The process of camera calibration and measurement is modelled. The measurement includes
the use of an HDR algorithm, where multiple LDR images at different integration times are
merged in an HDR image. Several integration times are used to increase the signal-to-noise
ratio while avoiding saturation in the highest luminances. This can be observed in Figure 4,
where images of virtual isition at different il ion times, from { to minimum,
are shown. The reduction factor of the integration time,
integration times, is 4 in this example. The maximu
maximum SNR for the pixel at the lower levels, whereas the lower integration times allow
measurements of the light sources saturating the camera at higher integration times. In Figure
4, the only image without saturated values is the last one, at the lowest integration time, but the
cost is a much higher noise for the dimmer sources.

1000
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Achievements: field measurements in M18 {HiD }

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)
* |[LMDs from four partners (TUB, CNAM, METAS, PTB)

* DSLRs from two partners (EPFL, PTB)

* spot luminance meter and flicker meter (PTB)

L[ cd/m~2]

433,4

100

30

o j J BT il = T A S S t— SO S SA— e 0N R v U M
Photo of the measurement setup on 14.03. HDR luminance image (logarithmic look-up table, luminance values > 430 cd/m? are clipped)
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Achievements: field measurement session in M29
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Achievements: CIE Conference 2025
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> One ofthis sources is showcased atthe HiDyn Exhibition booth
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WP4: Creating impact

{HiDy}

Dissemination in relevant technical committees:

Standards Committee |Partners involved
/ Technical Committee
Working Group

PTB

EPFL (chair), CNAM, METAS, PTB
METAS (chair), PTB

PTB (chair), CSIC, METAS

EPFL, TUB

— FIB-{ehair)

TUB / monitoring via NCs

METAS

csic

CSIC (chair), CNAM, METAS, PTB, CMI

CEN TC-169 - WG11 43R

CEN TC-169 - WG7 METAS, PTB

DIN FNL PTB

Deliverable 8: contributions to new or improved

international standards development work
(focus on TCs of Division 2 and Division 4 of CIE)

Dissemination to industrial stakeholders
dedicated to prerequisites for traceable instrumentation
- 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

Jon dnk-cic

Technoleam

Reportership on HDR for CIE Division 2 and new TC proposal: ‘KR|§S Lighti'hg o Bidverrbelng Gmbi

METAS together with PTB will summarize output from WP1, WP2 I N\ L TSy = J Instrument

and WP3 to a report for the CIE (e.g., in terms of a Reportership ==K RIl. "\ Systems

on HDR imaging measurements). In the same context, they will @ S .

prepare a proposal for a new CIE TC on HDR measurements L | D I N tJl\E SLG o BYK
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Project Website: www.hidyn.ptb.de {HiDy}

¥ Home - HiDyn x  + v.oo= B X " News & Events - HiDyn x  + vo= Box
& Cc & hidyn.ptb.de/home Q 2 w 0O ° : <« > C Cﬂ hidyn.ptb.de/news-es Q e ﬁ) n} 0 H
HiDyn : G o |k ’
Home Project {Hl D } Home s&Events Impact  Stakeholder ~ Members
Consortium Meeting at M18
. - A full consortium meeting will be held as a in-person meeting in M18 (13.-15. March 2024) at the site of TUB in Berlin, German
Welcome tO the HIDyn prOJeCt During this ;eelmgthe Sons[ol:tlumiv.'lll also h‘;veanands-oi in the Ia'; oYTUBmc\:mngthe LED-c‘alwa\x|LED~LaListeg: .
Support for the standardisation of luminance distribution measurements : : _—
K X . K X . K . MO9 reporting to the funding organization
for assessing glare and obtrusive light using high-dynamic-range imaging st 263000
Systems In October 2023 the M09 repording documents of HiDyn have been accepted by the funding organization. The Data Management Plan of HiDyn and an

updated Publishable Summary reflecting the status achieved at M09 are accepted by MSU and provided open access as Impact Documents.

Consortium Meeting at M12

. An ad-hoc Consortium Meeting and discussions of the Workpackage leaders were held attached to the CIE Quadrennial Session of the CIE 2023
in Ljubljana, Slovenia in 2023. Beside il from HiDyn the current status of reporting and implementation as
well as upcoming items had been adressed
Consortium Meeting at M09
June 30, 2023
Afull consortium meeting was held as an in-person meeting in M09 (7.-9. June 2023) at the site of CMI in Prague, Czech Republic.

During this meeting the consortium also had a hands-on in the lab of CMI, namely performing tests with a prototype of the high-contrast luminance source
setup (including also a light trap and a small source for demonsirations of diffraction effects and ghosts images) using different luminance meters including
image luminance measurement devices.

Acknowledgement: The project has received funding from N
the European Partnership on Metrology, co-financed from the METROLOGY EURAMET e
European Union’s Horizon Europe Research and Innovation PARTNERSHIP

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

Funded by the
European Union

First Publishable Summary of HiDyn released
December 9, 2022

Sitemap
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S2: 1.14 cd.m-2 S5: 1.04E03 cd.r

Trap: 0.15 cd.m-2

Characterization of imaging devices
USing reference ||ght sources .56: 1E04 cd.m-2 ,Sl: 0.28 cd.m-2 .57: 1.04E05 cd.m-;

S4: 114.00 cd.m-2 S3: 10.80 cd.m-:

Johannes Ledig, Petr Kliment,
Alejandro Ferrero’ ChriStian SChrader, 0] 0.0018 0.0198 0.1998 1.9998 20 200 2000*5
Sumita Pommerol, Costi Bouroussis

August 28t 2025




High contrast luminance source: revised prototype {HiD }

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 ‘ .y

LED module diameter of about 60 mm, colour temperature 4000 K, Luminous flux 5000 Im.

Fortimo DLM Flex Gen2 = NS

* 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

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

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

1 hour STABILITY 0.04
S
o 0.03

002 ¢

uminance

0.01

£ 0.00

-0.01

-0.02

-0.03

Deviation from the a

0 500 1000 1500 2000 2500 3000 3500 0.04
time (s) : Number of repeated warming up cycle (-)
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High contrast luminance source: revised prototype {HiD

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

0.1 cd/m2StdDev 3.5% | 1.0 cd/ m2StdDev 3.0% | 10 cd/ m?StdDev 3.0%

cccccc

— ) Nominal quality index . Power  [is ,
L s Cieture) HiDyn CIE Measured Implemented optical ND ! e g
source | (AL13) | Measured | 510,50 [ iformity filters supply " o
1 000 cd/n{ level |'minatee] CCTOO | “yousr) | StaDev (%) | Optical Density (-) dimming 1100 000 cd/ m2StdDev 4.0%
(cd/m?) o (%) 553
1. 0.1 3867 (Sx) |  0.000 3.49 071080909 15 3 P
IL. 1 3879 0.005 3.03 07[08[09]09| 1.5 28
1L 10 3839 0.008 3.04 07080915 - 47 N
I\ 100 3845 0.007 3.47 09]09] - | - - 5 i
V. 1000 3863 0.018 3.47 09]09] - | - - 45 L.
VI 10 000 3831 0.013 3.27 07| - | -] - - 43
100 000 3720 0.016 3.95 -] -] - - 62

| M397.2 x[pix] y[pix] L[cd/mr2] x[pix] y[pix] L[cd/mr2]
1572 433 0 1505 409 0

x[pix] y[pix] L[cd/mAr2]
0

1571 388




Characterization of ILMD-internal stray light {HiDy }

Scene

. . Scene
s Point Spread Function (PSF) :
50 3 . . . . .
o : for estimating the straylight in measurements close to the light source :
150 1 1
2 50 100150 50 100150200
100 | 3
GT : : GT
4 C MS-50 ] 5
50 3 N ILMD-8 B 50 4
100 2 10 ? ILMD-50 ? 3
150 ! § 1 150 f
200 0 102 ¢ E 200
50 100 150 - 3 50 100 150200
Scene convolution 1073 : Scene convolution
4 E 5
50 3 7 F 50 4
100 2 o 3
. 1 1074 2
200 0 1
50 100 150 105 50 100150200
Xt 2 i
= ik
2 B 4
0 10 & 2
o 2 C fJ2
": 107 I | | | | 1 ! ! ! ! Z
50 10 180 0 20 40 60 80 100 120 140 160 180 200

50 100 150200
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Achievements: lab-based measurement session in M18 {H°

Characterization of ILMDs and industrial vision cameras using seven prototypes
of the revised high contrast luminance source in a measurement session at the $2: 0,00 cdm-2 55: 0.00 cd.m-2
lab of CMII in Prague on 05.-07.03.2024 together with partners CSIC and METAS.

Trap: 0.00 cd.m-2

Using various arrangement of sources and ILMD configurations (lenses, aperture)

S6: 0.00 cd.m-2 S1: 0.00 cd.m-2 S7:0.00 cd.m-2

S4: 114.00 cd.m-2 S3: 0.00 cd.m-2

0 0.0018 0.0198 0.1998 1.9998 20 200 2000 20000 2E5
cd.m-2

S2:1.14 cd.m-2 S5: 1.04E03 cd.r

Trap: 0.15 cd.m-2

S6: 1E04 cd.m-2 S1: 0.28 cd.m-2 @ 1.04E05 cd.m-.
( ) O

S4: 114.00 cd.m-2 S3:10.80 cd.m-:

LDR luminance image with all luminance sources lit

HDR Iuminance image With One source |it (top) 0 0.0018 0.0198 0.1998 1.9998 20 200 2000 20000 2E5

: . —— and with all sources lit (botom oi.m-2
Photo of the setup at CMI, with room illumination ( )
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Design Guide: high-contrast luminance source |

EURAMET 2 4.9 Manual how-to assembly the module Step
The 3D model of one of the assembled Hidyni module is shown in Figure 11. The construction of each of the
i module is from the listed in the i

7 modules is very similar. A
tables see the section 4.3. In the following, How-to assembly the module manual is provided based on the
NO Filter

several steps.

FILTER_FRAME

21NRMO1 HiDyn

{HiDy "}

D1: Report describing the design, development and technical specification of
a type of high-contrast-luminance reference standard (covering at least 6
orders of magnitude), including the determination of luminance with an
expanded uncertainty no larger than 1 % for the brightest source and no

Figure 19: rendering of assembling Step 8

Table 21 Parts for Step 8

larger than 2 % for the dimmest one
Parts Description Qty.
FILTER_FRAME 5
ND_Filter 5

Organisation name of the lead participant for the deliverable: CSIC
Figure 11: rendering of the 3D model of one assembled Hidyni module with cover cap
Due date of the deliverable: 31 March 2025

Actual submission date of the deliverable:

DOI:

Confidentiality Status: PU - Public, fully open (remember to deposit public deliverables in a frustad repasitory)
Funded by the Eurcpean Union. Views and opirions expressed are
howewer those of the author(s) anly and do nat necessarly reflect those European Partnership - Cotdudy.
Dellverable Cover sheat of the European Unicn or EURAMET. Neither the European Union noe b
the gransng authority can be held responsitle for them
The prcjct ho eceved i o he Eucgesn Pamerstipon. DR ROLOCH S EURAMET
Metrelogy, co-financed frem the Eurcpean Union's Herizan Evrope

Research and Innovation Programeme and by the Particgisting States.

210156 290f56

10156

www.hidyn.ptb.de
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High contrast [luminance source: replicated at METAS

Photo of the setup , With room illumination

Design guide (internal draft, used by METAS)
*Bill of Materials, 3D printed parts (STL-files)

*Assembly manual; minor modifications @METAS

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



Motivation and example {HiDy}

« 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)

50

False colour luminance image with room illumination and Fase colour luminance image with all seven sources
each of the seven HiDyni sources blanked out by a cover open and lit, demonstrating straylight and ghosts

2025-08-29 www.hidyn.ptb.de 24



How to estimate straylight? First steps...  {HiDy }

Source 2

 use single-source HDR images

» determine ghost corridor (dark triangle
- mask out most of the ghosts

» background considered as ideal black!

Source 3

250

500

750

5. 1000

1250

1500

1750

2000

0 500 1000 1500 2000

2025-08-29 www.hidyn.ptb.de 25



First results... {HiDy "}

Non-Ghost Straylight . Ghost Straylight
10 CO e =
sourt
@
- .‘..—.:E:..%: k&
SEEETTERLY
e e ans e n o s
S
-----
Rt =i e '__ ’
p—
__

 with loglog-scaling mostly linear (if sufficient signal and not near source)
- power function, not exponential! Can be modelled by a - r?

2025-08-29 www.hidyn.ptb.de 27



Straylight estimate by a - 7”

Source 2

0

250

500

750

5. 1000

1250

1500

1750

2000

0 500 1000 1500 2000

-
<
—

qulo(e/m)

\A_mm
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relative descent

Spread of strayllght parameters for ILMD lenses {HIDy '}

1076
1077
1078
107?

10710 5

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

f=8mm d=35cm
f=8mm d=47cm
f=8mm d=500cm
f=12mm d=35cm
f=12mm d=47cm
f=12mm d=500cm
f=12mm d=-1cm

- f=12mm d=-2cm

f=25mm d=35cm
f=25mm d=47cm
f=25mm d=500cm
f=50mm d=35cm
f=50mm d=47cm
f=50mm d=500cm

relative descent

loglog

103
1074
1073
1076
10~7
10-8
1079

10~10 5

star region

f=8mm d=35cm
f=8mm d=47cm
f=8mm d=500cm
f=12mm d=35cm
f=12mm d=47cm
f=12mm d=500cm
f=12mm d=-1cm

- f=12mm d=-2cm

f=25mm d=35cm
f=25mm d=47cm
f=25mm d=500cm
f=50mm d=35cm
f=50mm d=47cm
f=50mm d=500cm

100

TT=] T T ey pm—payey

i 00 e e o % i
« small variation of parameters between lenses
« variation caused by focus distance even smaller
2025-08-29 www.hidyn.ptb.de 29




ht estimate in field measurements {HiDy }

L
cd/m~2
40000

10000

(ILMD-internal straylight)
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ht estimate in field measurements {HiDy }

Relative straylight estimate image
indicating <1 % in bright and > 50 % in dark regions

0,3
0,03]

©
-
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Example for straylight from outside image {HiDy

[(C,-d/2,¢,+dv/3) |

Fundamental FOV

(C,+d/2, C,+ dV2/3)

(Cx_ dr Cy) I'S

.
~
~
\
\
.
N
N
.
.
.
.
~
: .
s A
X ‘ .
d . K ~
: o O
7
s
’
’
s
-

(C, - d/2,C,~ d/2/3)

(G + d/2, C,— dV/2/3)

ILMD-50

ILMD-8

(C,+d,C))

MS-50 |

0.1 -0.05 0 0.05 01 0.15 0.2
External Stray light factor (cd-m'2 /Ix)

2025-08-29
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Example for straylight from outside image  {HiDy }

Characterization of effects Verification
(internal and external stray light, ...) ‘ ,
with all sources ON

using individual sources, while others .
at the same time
are OFF

PSF-convolved reference PSF + Ext. stray light Acquisition Log10 deviation (sum = Chi2), p = 0.00e+00

15 . ré recheiny]

100 100 100 100 | T ]
0
200 200 1 200 200 F
300 300 ; ) ’
300 300 pi 5

05 _
400 400 400 400 |
500 500 0 500 500 | ¥ Il
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White dark room with black curtain

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



y / pixel

White dark room with black curtain {HiDy "}

Non-Ghost Straylight

100
source
1
0 - 2
= 3
= 4
= 5
— s
1072
250
107¢
500
1076
750
1078
1000
10710
10° 10! 102 10°
distance to source edge / pixel
100 Ghost Straylight
e
1250 s
.4
= 5
1500
107%
1750 b
106
2000
0 500 1000 1500 2000 o
x / pixel
-
2025-08-29 www.hidyn.ptb.de 36
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White dark room with black curtain HiD

y / pixel

0 105 h Oe
10° ~
250 meas
10! 4 — estim. \
500 .
107* 4
E 054
750 % 0.0 4 .,
8-0.5 1 /
L] L] L] L] L]
-2000 -1500 -1000 -500 0
1000
105 -
39°
1250 10° 4
meas
10! 4 — estim.
1500
107 4
1750 o
§ 0.5
< 0.0
&-0.5 - A
2000 =
0 500 1000 1500 2000 -3000 —2500 —2000 —1500 -1000 =500

x / pixel
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, Physikalisch-Technische Bundesanstalt
Bra.unschweig and Bgrlin
National Metrology Institute

Checklist of ILMD configuration

To avoid significant errors which cannot be covered by uncertainties

Johannes Ledig, Christian Schrader, Fabien Eloi




ILMD Temperatur characteristic after power on

{H

D

Internal temperature / °C

36

34

32 |

30

28 |

26

24

22

|

1000

2000

3000 4000 5000 6000

operation time /s

7000

8000

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

1,008

1,006

=
o
o
S

1,002 |

0,998

0,996

0,994

0,992

normalized measurement signal

0,99

0,988

0

3000 4000 5000 6000

operation time / s

7000

8000

* Glas
= X1
X2
Wi
= V(lambda)

www.hidyn.ptb.de
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B2 P1B aspects that should be ensured

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 N, or oil free air)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin www.hidyn.ptb.de National Metroldgy Institute
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PTB aspects that should be ensured

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 N, 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) belongingtot "
(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)

ki

and aging state (pixel characteristic might change) B T
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin www.hidyn.ptb.de National Metroldgdy Institute
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ark image incl. optical black pixel (ICX285 {HiDy }

0 200
Pin 1
;/////////////////// 200 198
; o
g
/
/
V / 400 196
"
/|
“
/ 4 v
777777 7777 L 600 _
2 e I PR )
Pin 11 H 40
. L 800
Optical black position 192
(Top View)
1000
190
0 200 400 600 800 1000 1200 1400
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PTB control software corresponding to hardware setting

o Zoom value of the objective lens A,
o Aperture value of the objective lens P R
: : LN 2
o Neutral density filter A R
. . o o Yo
o Focus value of the objective lens /\ -
S
measurement plane in focus, (.\g“ ] '

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 pus-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)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin www.hidyn.ptb.de National Metroldgy Institute
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Temporal modulated light: PWM example  {HID

]

Waveform
24 - - - - Mean of the waveform
| — LMD signal ,
2,0 « Small deviation from the integer

multiple of the modulation period
- results in a hughe uncertainty

Periods | Error for +2ms
>3 =+25 % (-7%...+25%)
>5 =16 % (-4%...+16%)
>20 =4 % (-1%...+4%)
0,0 T T T | T T T 1 T T T | T 1
0 5 10 15 20 25 30 35

integration time / ms
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{HiDy}

Temporal modulated light: phase shift

Waveform ¢ = 0°
- - - Mean of the waveform

2 o5 | LMD signal 1 | Periods Error « Error depends on the waveform
<(_:g 35 10 % (e.g. larger for PWM than for a sinus)
@ 5,5 =6 % ,
- * Error depends on the phase shift
075 20,5 =1,5% regarding the waveform and ¢;,,;
A I VAN VA VA  Measurement signal vs. integration time
Waveform ¢ = 90° oscillates around the mean value
- - - Mean of the waveform iod E
5 25 |— LMD signal | | Periods rror
'ﬂ—'é >3 =>% * Uncertainty need to considder the
51501 1 | >5 ~3 % aIi_gnement to the yvaveform phqse
AN - (triggering might hide the effect in
075 | | [>20 ~0,8 % repetitions but does ot cancle it out)
0,00 " 1 L 1 . 1 L 1
0 5 10 15 20 25
integration time / ms
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PTB Verification tests to indicate absence of issues

o Check zero reading
(dark signal measurement, verify the internal offset correction)

o Check measurement of a luminance standard (factor f,q;)

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

Ge0) My o
‘aaln.

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)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin www.hidyn.ptb.de National Metroldgdy Institute
2025-08-29




P‘I"B doi.org/10.7795/530.20240206A

Physikalisch-Technische Bundesanstalt
Naticnal Metrology Institute

The following article is hosted by PTB.
DOI: 10.7795/530.20240206A

Good Practice Guide for setting up an uncertainty
budget for the measurement of luminance distributions
including correlation of the 2D datasets

Christian Schrader’, Johannes Ledig’, Armin Sperling’, Udo Kriiger’, Tobias Schneider’,
Fabien Eloi*, Ziihal Alpaslan Késemen®, Olivier Pellegrino®, Teresa Molina-Jimenez’

! Physikalisch-Technische Bundesanstalt, Braunschweig and Berlin, Germany
 TechnoTeam Bildverarbeitung GmbH, limenau, Germany

* Instrument Systems Optische Messtechnik GmbH, Miinchen, Germany
*Laboratoire National de métrologie et d'Essai (LNE), Paris, France
*TUBITAK UME, National Metrology Institute of Tirkiye, Kocaeli, Tarkiye

% Instituto Portugués da Qualidade, Caparica, Portugal

7 candelTEC S.L., Valencia, Spain

Acknowledgement: This project has received funding from the EMPIR programme
co-financed by the Participating States and from the European Union's Horizon 2020
research and innovation programme.

Available at:
https://doi.org/10.7795/530.20240206A

13 Appendix I: Checklist for the ILMD configuration
To avoid significant errors which cannot be covered by uncertainties it is necessary to use a configura-
tion that is suitable for the application. Namely the following aspects should be ensured:

Good state of device components

e correct assembly and professional handling, Ie. clean and not damaged
e documentation of usage and relevant aspects of storage/transport

* consider using clean room gloves when handling optical surfaces and blow dust away by Nz or oll free
air

Selection of an adequate objective lens

* focal length > resulting in a measurement field that is fitting to the application, i.e. a focal
length as large as possible.

Selection of an adequate neutral-density filter

* to avoid extremely short integration times where the timing uncertainty gets relevant
* to avoid/reduce effects of Temporal Light Modulation (TLM)

Setting of utilized optical components into the control software

* ie.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.

Adjustment data loaded into the control software

e configuration file, calibration file for internal corrections, user defined corrections
belonging to the actual condition (consider aging and replacement/maintenance of compo-
nents since the characterization)

Stabilized internal temperature for all components
* i.e.ILMD inoperation (powered up and initialized, i.e. imaging loop) for more than one hour
Dark signal correction inside the control software

e belonging to the operation mode (i.e. binning, smoothing, integration time) and aging state
(pixel characteristic might change)

Parameter values inside the control software correspond to hardware setting
e Zoom value of the objective lens
e Aperture value of the objective lens
e Focus value of the objective lens
(measurement plane in focus, focus setting or focus distance provided to the control soft-
ware)
e Integration time
o sufficiently long to reach a signal level well above the detection limit but within the dy-
namic range and to avoid sensor-internal timing issues in the ps-domain
o integration time should be an integer multiple of the temporal light modulation period
o avoid blooming as this in general also affects the result from all other pixel) by using an
appropriate neutral-density filter (and setting this inside the control software, c.f. neutral
density filter).
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