OPINION

PULSE-WIDTH MODULATION AS A NEW HYGIENIC FACTOR DETERMINING THE VISUAL COMFORT
OF MODERN SCREENS

Kurgansky AM &<
National Medical Research Center for Children's Health, Moscow, Russia

The information revolution and intensive development of electronic devices take place in the recent decades. Furthermore, not so long ago such a hygienic factor,
as the display luminance pulse-width modulation (PWM) capable of causing visual discomfort (PWM symptoms) in individuals with increased sensitivity to visual load,
has become relevant. The main complaints include eye pain, headache, sometimes nausea, up to the inability to use such screens. Moreover, this characteristic can
be peculiar not only to LED (AMOLED, etc.), but also to IPS displays due to the presence of the LED backlight layer. No regulation of the issue has led to the emergence
of online resources on PWM and the problem of visual impairment, where users verify the data on their own, which suggests the relevance of the subject selected.
The paper reports theoretical aspects of PWM, technical characteristics of displays with PWM; the approaches to PWM measurement are described; the possible ways
to reduce visual discomfort are discussed. Furthermore, the paper describes the method to measure PWM of displays using a photo camera with the exposure time
set to 1/20 s, along with the method testing results. It has been shown that further research focused on assessing the effects of PWM on vision and the development
of the method for hygienic assessment of monitors and smartphone screens with PWM are required.
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LLUMPOTHO-MMNY/IbCHASA MOAYNAUMA KAK HOBbIA MMIMMEHUYECKUA ®AKTOP, OMPEAENAKOLLMN
3PUTENTbHbI KOM®OPT COBPEMEHHbIX 3KPAHOB

A. M. KypraHckuiz =

HaumoHanbHbIi MeaVLIMHCKIA UCCNenoBaTeNbCKUN LIEHTP 3A0p0Bbs AeTelt, Mockea, Poccus

B nocnenHne fecatunetns NPovcXoasdT MHPOPMaLWIOHHAS PEBOMIOLIMS U MHTEHCVBHOE Pa3BUTVIE SNIEKTPOHHbIX YCTPOWCTB. [pr STOM OTHOCKTENBHO HEOaBHO
aKTyaslbHbIM CTas TakOon MrMeHnYeckmnii hakTop, Kak LWMPOTHO-UMMNybcHas Mopynaums (LLIIM) cBeveHns gycnnees, KOTOpas MOXET BbI3blBaTb 3pUTENbHbIN
nnckomaopT (LLUM-cuHapom) y NoAei ¢ NOBbILLEHHOM YyBCTBUTENBHOCTBIO K 3pUTESNbHBIM Harpy3kam. K OCHOBHBIM »anobam MOXXHO OTHECTV 60rb B rnasax,
ronoBHble 601, MHOMAA YYBCTBO TOLLHOTI, BMIOTb A0 HEBO3MOXHOCTM NMONB30BaHUS TakUMK SKpaHamu. pr 3TOM yKazaHHas XapakTeprcTuKa sKpaHa MOXXeT
ObITb cBOMCTBEHHA He Tonbko LED (AMOLED v gp.), HO 1 IPS-grcnnesm, B CBA3W C HanM4MeM Closi CBETOAMOAHOM noacBeTkn. OTCYTCTBYE PEryMpoBaHns
3TOro BOMpoca NPUBENO K NMosiBNeHno VIHTepHET-pecypcoB, NocBsLeHHbIX LLIVIM 1 npobneme HapyLLeHUs 3peHiist, rae nofb30BaTenn yTOUHSIOT MHopMaLmio
CaMOCTOSATENBHO, YTO CBUAETENLCTBYET 00 aKkTyaslbHOCTUN BbIGpaHHOWM TeMbl. B HacTosiLLen paboTe paccMOTpeHb! TeopeTudeckime acnekTbl LLM, TexHndeckmne
xapakTepucTuki aucnnees ¢ LM, onncaHbl nogxodp! K ee sMepeHuto, MpeacTaBneHo 06Cy»KaeHNe BO3MOXHbIX MyTel CHXKEHNSA 3pUTENBHOIO AMckoMdopTa.
[MomMmMO 3Toro NpuBeaeHb! onvcaHme MeToankn nadmepeHnsa LLIVIM grucnnees ¢ nomMoLLbio hoTtoannapara ¢ BblAEP>KKOM, ycTaHoBNEHHOM Ha 1/20 ¢, 1 pedynstaTbl
anpobauyn MeToamnkm. NokadaHa HeobXoAUMOCTb AasbHENLLMX UCCRefoBaHWiA MO oLieHke BavsHKS LLIVIM Ha 3peHvie n pa3paboTke METOAVKM MIMEHNYECKO
oueHku LLIMIM-MOHUTOPOB 1 9KpaHOB CMapTgOHOB.
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><] Ons koppecnoHpeHuun: AnekcaHap Muxannosud KypraHckuii
JlomMoHOCOBCKMIA MpocneKT, A. 2, cTp. 1, . Mocksa, 119991, Poccus; kurgansk@yandex.ru

Cratbs nony4eHa: 07.12.2023 CtaTbsi NpuHATa K neyatu: 16.03.2024 Ony6nukosaHa oHnamH: 28.03.2024
DOI: 10.24075/rbh.2024.093

Inthe recent years, despite significant advances in the development
and design of electronic devices, thanks to which the technical
characteristics of even low-end devices have reached a decent
quality determining high processing speed and large storage
capacity that eventually have almost completely rid users
of inconvenience when using computers and smartphones,
the screen pulsation or the so-called pulse-width modulation
(PWM) has turned out to be an unexpected factor causing
severe visual discomfort in individuals showing increased
sensitivity to visual load. This issue is extensively studied
by both domestic [1-6] and foreign authors [7-11].

There are no data on the prevalence of PWM symptoms
among both children and students in the available scientific
literature, however, according to the popular science sources,
the prevalence of PWM symptoms is 10-20% [12], which
requires further investigation.

When describing the technical details, it should be noted
that there are two methods to change screen brightness. The
first approach is based on changing the screen luminance,

when the light emitted by the source is continuous. The second
approach is based on using PWM, when the light emitted
by the screen has certain pulsation frequency. This means that
there is some backlight flicker frequency (for example, 120 Hz),
which, depending on the pulse length, i.e. the time for that
the light-emitting diodes (LEDs) are turned on (on-off time
ratio), determines the resulting light intensity of screen. The
differences between the approaches are illustrated by Fig. 1.

The PWM symptoms can represent eye pain, eye fatigue,
spasm of accommodation, headache, and nausea making
it impossible to use the screen with PWM. In case of prolonged
exposure, failure of the visual system adaptation causing temporary
visual impairment can be observed.

It is important to consider that an LCD screen consists
of liquid crystals not emitting, but only transmitting light. The liquid
crystal layer has its own refresh rate (this parameter is usually
specified in the screen technical characteristics). The underlying
layer of LED backlight, in contrast, emits its own light, which
is what leads to the emergence of PWM. This means that
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Fig. 1. Comparison of different techniques to change the screen brightness — through changing luminance (on the left) and applying PWM (on the right). The figure is

taken from the free source [13].

the cause of PWM in LCD screens is the backlight flicker
[14], not the screen refresh rate. Furthermore, manufacturers
do not publish this parameter for commercial reasons, thereby
creating a certain risk for the susceptible population when
buying screens.

We have not found the reason, why the PWM technology
is used in modern screens, since, as it was mentioned above,
not all parameters are specified in the technical characteristics of
screens. There is a number of opinions actively discussed
on forums, such as 4PDA [15]: that in the recent years
manufacturers have set the goal to create the screen that can
be used in bright outdoor light and that such an innovation has
significantly increased the screen brightness characteristics.
Moreover, high screen brightness is associated with the
characteristic noise of electromagnetic origin. Thus, to reduce
the voltage resulting in such noise, manufacturers have probably
taken the path of reducing the flicker rate, and that causes
uncomfortable sensations in some proportion of the population.

The other, more grounded version is the change
of the backlight technology from luminescent to LED, which
has led to the emergence of PWM [14].

From a physiological point of view, PWM can be compared
with the critical flicker fusion frequency (CFFF), when the eye
stops recognizing pulsation with increasing frequency, and
the estimated threshold value is about 60 Hz. Furthermore,
there is a term “transient twinkle perception” (TTP) showing that
the human eye is capable of recognizing a more high-frequency
flicker under certain conditions [14].

The literature provides the data suggesting that the
recommended safe PWM threshold should not drop below 200 Hz.
Otherwise, such screens can cause visual discomfort [14].
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GOST 33393-2015 “Buildings and structures” [16] provides
a standard value of light pulsation in the workplace, which
is 300 Hz. Furthermore, on sale there are more expensive
screens with the PWM exceeding 2000 Hz that cause no
visual discomfort. This probably represents a technical solution

to the problem.

The author does not set a goal to substantiate the screen
pulsation standards. However, it can be concluded that the
screen PWM values of 100-120 Hz are undesirable and can
cause visual discomfort in the susceptible part of the population.
The paper provides the author’s opinion about the main available
methods to assess PWM that is based on the results of testing
the PWM measurement method by taking pictures of the screen
in dynamics and the literature data.

Methods to determine PWM of the screen

The method developed by enthusiasts and distributed via
Internet [17], which can be also found on the web-site
of photographer Anatoly Lupashin, is of interest. In accordance
with the method, screens of various designs (Huawei MateBook
D14, HP Pavilion 14-ec002ur, Xiaomi 11 Light 5G NE, iPhone
11, 23-inch AOC monitors) with the table displayed were used
to determine PWM (Fig. 2). The Canon EOS 2000D camera
with the exposure time set to 1/20 s was used to perform
shooting in motion (horizontal motion along the screen) aimed
to obtain blurred vertical lines of the diagnostic table (Fig. 2).
Then the image of vertical lines of the diagnostic table was
visually assessed. When there was pulsation, the alternating
light and darkened bands corresponding to the phases
of the light-emitting diode pulsation of the screen could be seen



Fig. 2. Example of the table for PWM determination by taking pictures in dynamics

on the vertical lines. To quantify PWM, the number of bands
was multiplied by the exposure time (20) to obtain the number
of pulses per second (Hz).

Determining PWM of the screen is an important problem.
The pulsation coefficient (Cp) is calculated using the following
formula:

C — max min

P 2E,

where E is luminosity (Ix). This means that the coefficient
considers luminosity values only (maximum, minimum and
average) and does not consider the oscillation frequency,
therefore, this method involving the use of luminometer-
pulsmeter is unsuitable for assessment of PWM.

Ideally, PWM should be assessed using an oscilloscope
with a photosensor capable of plotting the screen luminosity
oscillation curve. Unfortunately, such expensive units are not
included in the list of devices for hygienic assessment of video
display terminals (VDT). In this regard, in our case it was difficult
to access such equipment. Furthermore, it is hard to find
equipment of this type (oscilloscopes with photosensors) in the
free market. There are papers (for example, the post published

on Yandex Zen [18]) reporting that users have manufactured
photosensors for smartphones on their own, however, this
requires certain technical competence.

The lack of information about the presence of PWM in the data
sheets of devices, as well as the method for hygienic examination
of this factors, has led to the emergence of forums and web-
sites focused on “combating PWM” (RTINGS.com), where
enthusiasts test screens for PWM by themselves and people,
ho have faced the problem of PWM, acquire information about
the comfort of their desired device for vision, because in this
category of users buying the screen with PWM can result
in discomfort and inability to use the screen.

There are simple methods to determine PWM, such
as the “pencil test” involving “waving” pencil in front of the screen
or taking a video of the screen in the slow mode, which
reveals the characteristic bands on the screen. However, these
methods do not allow PWM quantification.

The author has tested a PWM measurement method
involving taking pictures of the screen in dynamics using
the available equipment. As a result, PWM values not exceeding
120 Hz (about 100 Hz) were obtained for the screens causing
a subjective sensation of visual discomfort (Huawei MateBook

Fig. 3. Example of taking pictures in dynamics (23-inch AOC office monitor) — no PWM
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Fig. 4. Example of taking pictures in dynamics (Xiaomi 11 Light 5G NE) on an enlarged scale — PWM of 18 bands (360 Hz)

D14, HP Pavilion 14-ec002ur). Furthermore, there was no PWM
at all or PWM exceeding 300 Hz reported for the screens
characterized by subjective visual comfort (Fig. 3, 4).

Measures to reduce visual discomfort
caused by PWM

The main measure is correct selection of monitor or replacement
of the already existing device (if there are complaints). When
using a laptop, it is recommended to connect an external
screen. However, there are some other approaches that are not
effective enough.

The method of increasing brightness to 100% can be found
on many web-sites on “combating PWM”. This, on the contrary,
makes the light emitted by LEDs almost continuous and reduces
pulsation, while the screen brightness is adjusted (reduced)
at the expense of the contrast parameter. However, such
an approach is not always effective. For example, increasing
brightness to 100% on the Huawei MateBook D14 laptop led
to the emergence of pronounced PWM and subjective
sensation of eye pain. This suggests that, despite positive
feedback from the Internet users, the approach cannot be used
for all screen types.

Another approach is based on reducing the screen luminance
through setting a dark theme of the system and browser. This
also does not ensure a 100% efficiency of reducing visual
discomfort, reducing it to some extent only.

Switching to the eye-protection mode of the monitor and
reducing screen time are the important measures.

It is preferable to buy displays with the Flicker-Free [3],
DC Dimming technology that smooth PWM [2] or the “office”
displays with reduced brightness and contrast designed
for the long-term use.
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It is important to note that PWM is not the only factor
determining visual discomfort. A combination of factors can lead
to the fact that devices with PWM and relatively equal pulsation
rate can be subjectively perceived differently. Perhaps, an important
role in this is played by the blue light, image brightness and
contrast. It is well known that adjustment of brightness and
contrast is one of the methods to reduce the PWM negative
effects [19]. Furthermore, for example, polarizing fims represent
an additional factor of the screen design capable of affecting
vision [15]. It is polarizing films pasted on the screens and
special filter goggles that have helped some users reduce visual
discomfort, which also requires further Investigation [15].

Based on the foregoing it can be concluded that the
likelihood of visual discomfort is low when using a screen with
conventional design, while the use of the innovative screen
containing LEDs is associated with the risk of severe visual
discomfort, and the leading factor is PWM.

Thus, currently, LEDs are being introduced into screen
designs everywhere, while the issue of the LEDs hygienic
assessment remains unresolved. It is important to avoid
the situations, when in pursuit of a high-quality image the technology
causing visual discomfort in the susceptible population group
is implemented. In this regard, further research in this field
is necessary, along with comprehensive assessment of the factors
determining the visual comfort of today’s screens, since different
factors can potentiate each other (for example, the combination
of pulsation with high brightness and contrast (sharpness)
of the screen, blue light), thereby causing severe visual discomfort.

CONCLUSION

Pulse-width modulation (PWM) of modern screens is a relevant
hygienic factor that causes visual discomfort in the population
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group susceptible to visual load. Moreover, the number
of domestic papers on the issue is extremely low; it is necessary
to conduct research focused on the issue. Due to complaints,
it is necessary to oblige the display manufacturers to specify
the PWM parameter in the product technical documents
at the legislative level. Furthermore, there is a need to study
the prevalence of PWM symptoms among both students and
children. Such studies combined with the analysis of technical
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