
 

Towards Modelling the Visibility of the Phantom Array Effect

Citation for published version (APA):
Kong, X., Perz, M., Martinsons, C., Tengelin, M. N., & Heynderickx, I. E. J. (2022). Towards Modelling the
Visibility of the Phantom Array Effect. Abstract from CIE Expert Tutorial and Symposium on the Measurement of
Temporal Light Modulation, Athens, Greece. https://files.cie.co.at/Abstract_Booklet_TLM_Symposium_2022.pdf

Document status and date:
Published: 01/01/2022

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 05. Oct. 2023

https://files.cie.co.at/Abstract_Booklet_TLM_Symposium_2022.pdf
https://research.tue.nl/en/publications/38a243e2-72a1-44a6-9de4-033d072b23cd


 

 

Classified 

TOWARDS MODELLING THE VISIBILITY OF THE PHANTOM ARRAY EFFECT 

Kong, X.1, Perz, M.2, Martinsons C.3, Tengelin M.N.4, Heynderickx I.1 
1 Eindhoven University of Technology, Eindhoven, the Netherlands, 2 Signify, Eindhoven, the 

Netherlands, 3 Centre Scientifique et Technique du Bâtiment, Saint Martin d’Hères, France, 4 RISE 
Research Institutes of Sweden, Borås, Sweden 

X.Kong@tue.nl, gosia.perz@signify.com, Christophe.Martinsons@cstb.fr, maria.nilssontengelin@ri.se, 
I.E.J.Heynderickx@tue.nl 

Abstract 

The phantom array effect is the least studied temporal light artefact (TLA) among the three defined in 
TR 249:2022 by CIE Technical Committee 1-83 “Visual Aspects of Time-Modulated Lighting Systems.” 
Models that predict the visibility of both flicker and the stroboscopic effect have been detailed by the 
CIE and the IEC. 

When it comes to the phantom array effect, its visibility in real-life situations is most often described as 
‘in an otherwise dark environment’, during ‘night driving conditions’, and from a ‘backlight of a car at 
night’. Thus, almost all laboratory investigations on the phantom array effect adopted experimental 
conditions with bright light sources in a dark room (i.e., < 1 lx). Multiple psychophysical investigations 
have studied the phenomenon qualitatively or quantitatively. Variables that have been employed in 
these studies can be categorized as: 1) individually related characteristics: the age and gender of the 
observer, and maybe also the saccade speed (i.e., variations around the average speed determined 
by the size of the saccade amplitude); 2) characteristics of the light modulation: the time-averaged 
luminance/illuminance for direct/indirect viewing conditions, the temporal frequency, the modulation 
depth, the shape of the waveform, the duty cycle, and the chromaticity of the light source; and 3) 
characteristics of the viewing geometry: foveal or peripheral observance, the size of the light source 
(i.e., the subtended visual angle), the spatial distribution of the light source (i.e., with sharp or smooth 
edges), the saccade amplitude (which usually is fixed in an experimental setting), and the relative 
motion of the light source to the observer. Some of these studies measured the visibility of the 
phantom array effect, but others asked the observers to rate the noticeability and/or annoyance of the 
phantom array effect. 

The results of all these investigations can be summarized as follows. The visibility of the artefact did 
not depend on the observer’s gender, but did depend on the age; younger observers were reported to 
be more sensitive to the phantom array artefact. It was concluded that a higher luminance/illuminance, 
a higher modulation depth, and a smaller size of the light source resulted in higher visibility of the 
artefact. The shape of the waveform also played a role. The square waveform was more visible than 
the sinusoidal waveform for the same duty cycle, modulation depth, and temporal frequency. The 
visibility of the phantom array effect was also colour dependent, with blue light resulting in a lower 
sensitivity than red, green, and white light. Not all studies drew consistent conclusions regarding the 
effect of temporal frequency. Some studies concluded that the phantom array effect became less 
visible when the frequency increased, while others showed a band-pass-shaped curve, with a peak at 
around 600 Hz. Combining all these results would facilitate the determination of a visibility model, but 
not all studies measured visibility nor used the same protocol, and hence not all data can 
straightforwardly be combined. 

In addition, substantial individual differences in visibility of the phantom array effect were found. These 
differences can be partly attributed to age, maybe partly to differences in executing the experimental 
task, and maybe also to individual differences in eye movements. In CIE TN 008:2017 (prepared by 
CIE Reportership 3-32 of Division 3 “Interior Environment and Lighting Design”), it was also pointed 
out that eye movements differ greatly in pattern and velocity. Since the phantom array effect is visible 
as a consequence of an interaction between an observer’s eye movements and the temporal light 
modulation, measuring the actual eye movements while measuring the visibility of the artefact may 
show added value in explaining individual differences in seeing the phantom array effect. On the other 
hand, it is known from the literature that the average saccade speed is related to the saccade 
amplitude with a maximum speed of about 500 deg⋅s-1. So, how far small fluctuations around the 
average speed determine individual differences in viewing the artefact still has to be explored. Only a 
limited number of studies recorded the eye movements of the observers during the experiment, and 
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thus there is a lack of in-depth analysis of the relationship between the visibility of the phantom array 
effect and variations in eye movements. Recording and reporting eye movement data using an eye-
tracking device would facilitate understanding to what extent including eye movements in the visibility 
model of the phantom array effect is needed. 

Some researchers discuss their findings in terms of contrast, i.e., the ratio between the target (the light 
source) and the background (the surrounding). Expressing the visibility of the phantom array effect in 
terms of the contrast of the average luminance of the light source with the background luminance does 
not allow them to conclude whether a change in sensitivity is due to a change in the absolute 
luminance level of the light source or in its contrast with the background. Thus, to disentangle these 
two effects, one needs to systematically change the luminance of the light source independently of the 
luminance of the background. 

In summary, designing a visibility model for the phantom array effect requires more systematic data on 
the visibility threshold, measured in a consistent way, including its dependency on the modulation 
frequency. These measurements should disentangle the effect of the average luminance of the 
modulated light source and the luminance of the background. In addition, the effect of specific eye 
movements can be established. Therefore, we are currently designing a set of psychophysical 
experiments using a two-interval forced-choice (2IFC) procedure to determine at which modulation 
depth the phantom array effect becomes just visible. This visibility threshold will be measured 
systematically as a function of temporal frequency, and for different values of the luminance of the 
light source and luminance of the background. The eye movement data will be recorded 
simultaneously during these experiments. First results will be presented at the CIE Symposium on the 
Measurement of Temporal Light Modulation in October 2022. 


