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Abstract. The article briefly examines modern standards regulating the measurement of
lighting parameters of digital video projectors. It is pointed out that existing standards do not
have the ability to take into account the settings of video projectors that are performed after
factory calibration at the places of their operation. The authors proposed a method for setting
and measuring the output lighting parameters of a video projector, which affect the quality of
the resulting image, in a real room other than a completely dark room. Following this method,
it is possible to obtain reliable values of the lighting parameters of the video projector directly in
the room where it is operated, which is especially important for the multimedia video projector
market. This takes into account the operating conditions and service life of the video projector,
and in particular factors such as the imposition of external highlights on the illumination of
the screen and the design features of the lighting and projection systems of projectors. An
experiment is described to measure the luminous flux, contrast and brightness of eight video
projectors for different market segments with different service life. It is concluded that the
obtained values of lighting parameters are more reliable in comparison with those indicated by
projector manufacturers in the specifications.

Keywords: digital video projector, luminous flux, contrast, illumination, calibration

Citation: Perelygin S.V., Gudinov K.K., Kuklin S.V., Parfenov A.P. A method for evaluating
the lighting parameters of digital video projectors in real operating conditions. Computing,
Telecommunications and Control, 2023, Vol. 16, No. 4, Pp. 7—17. DOI: 10.18721/JCSTCS.16401

© Perelygin S.V., Gudinov K.K., Kuklin S.V., Parfenov A.P., 2023. Published by Peter the Great St. Petersburg Polytechnic University



4yCTp017ICTBa N CUCTEMbI Nepeaayn, npueMa n obpaboTkn cMrHanos

>
I
Hay4dHas cTaTbs @ 013)
DOI: https://doi.org/10.18721/]JCSTCS.16401 T
YK 681.775

METO/[, OLUEHKU CBETOTEXHUYECKUX
NMAPAMETPOB LIUDPOBbLIX BUAEOINMPOEKTOPOB
B PEAJIbHbIX YC/TOBUAX SKCNNYATALLIUU

C.B. lNepenvicun'? = |, K.K. lyduHOG',
C.B. KyknuH', A.Tl. NappéHoB?

! CaHKT-MNeTepbyprcknin rocyaapCcTBeHHbIN MHCTUTYT KUHO M TeNEBUAEHUS,
CaHkT-MeTepbypr, Poccuitickaa Pegepauns;

2 CaHKT-MNeTepbyprckunii rocyaapCcTBEHHbIN YHUBEPCUTET TENEKOMMYHUKALNIA
um. npod. M.A. boHu-bpyesunya, CaHkT-MeTepbypr, Poccuiickas ®Pepepauyms;

3 MexayHapoaHblii KuHodectueab «lMocnaHne K 4enoseky»,
CaHKT-MeTepbypr, Poccuitickan deaepaums

= sergey.perelygin@gmail.com

Annoranus. B cTaTbe KpaTKo pacCMOTPEHBI COBPEMEHHBIE CTAaHIAPTHI, peTJIaMeHTHPYIOIINE
M3MEPEHUE CBETOTEXHMUYCCKNX ITapaMeTPOB HM(PPOBEIX BUACOIPOSKTOPOB. YKa3aHO HA OTCYT-
CTBME BO3MOXHOCTH Y CYIIECTBYIOIINX CTAHIAPTOB YIMTHIBAaTh HACTPONKU BUIACOIIPOCKTOPOB,
BBITIOJTHSIEMBIE YK€ TI0CJIe 3aBOACKON KaarOpPOBKM B MECTaxX UX KCILTyaTalMu. ABTOpaMHU Mpe-
JIOXXEH METOIl HACTPOMKU U U3MEPEHUS BBIXOJHBIX CBETOTEXHUYECKMX MapaMeTPOB BUACOTIPOEK-
TOpa, KOTOPHIE BIMSIIOT Ha KAYeCTBO ITOJIYYaeMOTO M300pakeHMsI, B YCIOBUSX PEaTbHOTO ITOME-
IIEHUS, OTIMIHOTO OT a0COJIIOTHO TEMHOM KOMHATHI. Clieryst TaHHOMY METOY, MOXKHO IMOJIYIUTh
JIOCTOBEPHBIC 3HAUCHUST CBETOTEXHMUYCCKNX ITapaMETPOB BUICOIIPOCKTOPA HEIIOCPEICTBEHHO B
IMOMEIIeHUH, TJIe OH SKCIUTYaTUPYETCS, YTO OCOOCHHO aKTyallbHO JUISI PhIHKA MYJIbTUMEINHHBIX
BUACONPOEKTOPOB. [1p1 3TOM yUUTHIBAIOTCS YCAOBMS SKCILIyaTallii U CPOK CIY>KOBI BUAEOIPO-
eKTopa, U B YaCTHOCTHU TaKue (haKTopbl, KaK HAJOXEHUE BHEIIHUX 3aCBETOK Ha OCBEIIEHHOCTD
9KpaHa ¥ KOHCTPYKIIMOHHBIE 0COOEHHOCTH pabOTHI OCBETUTEIBHO-TTPOSKIIMOHHBIX CUCTEM IIPO-
eKkTopoB. OmucaH 3KCIIEPUMEHT M0 U3MEPEHHIO CBETOBOTO ITOTOKA, KOHTPACTHOCTU M IPKOCTHU
BOCHBMM BUIEOIIPOCKTOPOB IJIST Pa3TMIHBIX CETMEHTOB PBIHKA C Pa3HBIM CPOKOM 3KCILTyaTaIliMN.
CrenaH BBIBOA O OOJIbIIEH JOCTOBEPHOCTH MOJYIeHHBIX 3HAUCHUI CBETOTEXHUICCKUX ITapaMe-
TPOB B CPaBHEHUU C YKa3bIBAEMBIMU TTPOU3BOIUTEISIMU ITPOESKTOPOB B CIIELIU(UKALIUSIX.
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KaauOpoBKa
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evaluating the lighting parameters of digital video projectors in real operating conditions //
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Introduction

Digital video projection technologies today are widely used in schools, offices, home and commer-
cial cinemas, in university classrooms and in many areas where visual information is required to be
displayed on the big screen [1-9].

Appropriate standards have been developed to describe the technical characteristics of digital video
projectors.

In accordance with the DCSS (Digital Cinema System Specification v1) approved by the DCI (Digital
Cinema Initiatives) association of leading Hollywood film studios in 2005 [10], recommendations of the
Society of Film and Television Engineers SMPTE431-1-2006 [11] and SMPTE RP 431-2: 2011 [12],
International Organization for Standardization (ISO) and International Electrotechnical Commission
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Fig. 1. Test image for calibration of projector before measurements
according to GOST 1EC 61947-1-2014 [13]

(IEC) developed standards to describe the technical characteristics of video projectors, as well as their
specifications. Measured parameters are given in the ANSI (American National Standards Institute) sys-
tem, for example, ANSI lumen, ANSI contrast.

In the CIS countries, the Euro-Asian Council for standardization, metrology and certification
(EASC) deals with standardization and regulatory documentation of technical devices. In 2016, the
EASC standards GOST 1EC 61947-1-2014 and GOST IEC 61947-2-2014 were put into effect as a
national standard of the Russian Federation. They establish requirements for measurement and doc-
umentation of key operating parameters for electronic projection systems (projectors) with constant
and variable resolution, respectively [13, 14]. Next, we will focus on the interstate standard GOST IEC
61947-1-2014 (identical to the international standard IEC 61947-1: 2002).

The bibliographic search carried out by the authors revealed the absence of scientific publications that
would contain recommendations on setting up and measuring the lighting parameters of the projector
in a real room. A separate standard regulating the corresponding setup and measurement procedures in
real premises has not been developed at the moment either. Therefore, the experience gained in the course
of many years of practice in the field of video projection equipment maintenance at entertainment
events and the recommendations of specialists (enthusiasts) in this field are relevant. However, despite
the widespread dissemination of such recommendations, both among lighting engineers (an example is
A.P. Parfenov, one of the authors of this article) and on the Internet, sources containing them cannot be
attributed to scientific works. The authors of the article proposed the simplest and most effective method
for setting up and measuring the lighting parameters of video projectors in real operating conditions.
This method allows to assess the actual condition of video projectors, regardless of their service life.

Setting up and measuring lighting parameters of a video projector in laboratory conditions

According to [13], before starting measurements, the projector brightness and contrast controls shall
be calibrated using the test image shown in Fig. 1 as follows: the brightness shall be set to the maximum
value at which the maximum number of brightness bands corresponding to brightness levels of 0%, 5%,
10%, 15% (upper row) is discernible. The contrast should increase from the minimum value to the max-
imum, at which the maximum number of brightness bands corresponding to brightness levels of 85%,
90%, 95%, 100% (lower row) is visible and distinguishable, or until the image brightness stops rising due
to the automatic brightness adjustment scheme of the projector.

After calibration of the video projector, the main parameters determining the quality of the obtained
image are measured [13].

To measure light, a completely white image is projected onto the screen. Screen illumination is
measured using a light meter for nine areas in the center of each equal rectangle (1+9 points in Fig. 2).
Next, the illumination values are averaged and multiplied by the screen area value. The light flux value
obtained in this way is given in ANSI-lumens.

Contrast is determined using two methods. The first of them is to measure the ratio of screen bright-
ness when projecting a white and black field (Sequential Full On / Full Off, Full) in a completely dark-
ened room. The Full On/Off contrast indicator is not informative, since the brightness of the black field
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Fig. 2. Grid with points for measuring image illumination in accordance with GOST I1EC 61947-1-2014 [13]

Fig. 3. Test image for measuring contrast and black level in accordance with GOST I1EC 61947-1-2014 [13]

can be significantly reduced, for example by automatically diaphragm (decrease in aperture) of the lens.
Adaptive aperture control is always used by manufacturers declaring thousands of contrast of their pro-
jectors [2], for example, 3000:1 or more.

For a more reliable measurement of the contrast of the projector the second method is used. It in-
volves — measuring a ratio of the total (or average) brightness of white and black rectangles on the screen
when projecting a checkerboard (Intra-frame Checkerboard) (Fig. 3). The contrast value obtained in
this way is called ANSI contrast.

Since some multimedia projectors use color filters with a transparent sector to display colors [2], of-
ten the maximum brightness of a white image is more than the sum of the maximum brightness of images
of primary colors. Therefore, in addition to prescribed measurements [13] of WLO values (White Light
Output — output luminous flux), to estimate the total useful light flux of the projector it is necessary to
measure the color light flux CLO (Color Light Output). To measure it, test images are supplied to the
screen, consisting of nine rectangles of RGB primary colors in three different combinations (Fig. 4) [15].
A total of 27 light measurements are carried out. For each measured color, the average illumination value
is taken, then the obtained illuminations are added.

If WLO value exceeds CLO value, then the projector uses the so-called "white gain" (white boost),
which leads to inaccuracies in color transmission compared to standards widely used for digital images
such as sSRGB and BT.709/BT.1886 [15].

The method of measuring the lighting parameters of a tuned video projector in a real room

WLO and CLO values specified by the projector manufacturers in the specification, cannot be a factor
determining the quality of the projected image, since the real projected image often achieves the best quali-
ty with additional settings (for example, color correction and color balance), which can significantly reduce
the output luminous flux. Therefore, during the experiment, the authors of the article will also measure the
output WLO and CLO Iuminous flux of projectors after making settings in accordance with [13].

10
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Fig. 4. Test Images for CLO Measurement

Fig. 5. Test image for additional black level adjustment of the projector

As already noted, no separate recommendations have been developed for measuring the lighting
parameters of the projector in a real room. The authors of the article propose a method for setting up
and measuring the parameters of video projectors in real operating conditions based on the method pre-
sented in [16]. We emphasize that the original source focuses only on adjusting the color rendition of the
video projector without any additional objective or subjective assessments, as well as without specifying
the conditions for using this method and the service life of the video projector at the time of adjustment.

It will be appropriate to compare the test images discussed in [16] with the test calibration images
specified in the standard [13], and then use them to configure the video projector and then to perform
measurements of its lighting parameters.

For the correct display of dark tones, we adjust the projector according to the image shown in Fig. 5.
The image consists of squares of different gray levels (white intensity varies from "0" to "255") on a black
background. The brightness and contrast settings of the projector are set to the maximum position at
which a square with a gray level of "5" is visible and distinguishable, which corresponds to about 2%
brightness level, unlike calibration images [13], following in brightness increments of 5%.

To correctly display light tones, we adjust the projector according to the image shown in Fig. 6. The
image consists of white-gray "chess" patterns of various levels of gray (white intensity in the gray parts of
the pattern varies from "200" to "254") on a white background. The brightness and contrast settings of the
projector are set to the maximum position at which a pattern with a white intensity of "251" is visible and
distinguishable, which corresponds to about 98% brightness level, again unlike calibration images [13],
following in brightness increments of 5%.

The final part of the setup is carried out using the image shown in Fig. 7. The image consists of bands
of main (R, G, B) and additional (C, Y, M) colors of various brightness levels. The brightness and con-
trast settings of the projector are adjusted so that the brightness levels "1" and "2," as well as "30" and "32"
of the maximum number of colors are visible in the image.

According to SMPTE, in rooms with a large amount of sunlight (for example, in school and lecture
classes), the brightness in the center of the screen should be more than 170 cd/m? (50 ft-1b). You can
reduce the required image brightness using light-tight curtains. In such a darkened room, brightness
from 100 cd/m? (30 ft-Lb) will be enough [11, 17].

11
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Fig. 6. Test image for additional white level adjustment of the projector

Fig. 7. Test image to further adjust the projector by levels of primary and secondary colors

The experiment on measuring the parameters of the output light flux by the authors of the article
will be carried out not in ideal conditions of an absolutely dark room, but in real rooms, therefore, the
readings of the light meter at each measurement have three components [18]: EDR — direct component
of illumination, created directly by the projector light flux, ERF — reflected component of illumination,
created as a result of multiple reflections from the surfaces of the room and screen, and EBG — back-
ground component of illumination, which takes place due to the impossibility of completely eliminating
the ingress of light through the doors and windows of the room:

EZ =Epg +Egp + Egg» (1)

where E2 is the total (full) measured illumination indicated by a light meter located in the plane of the
screen. The combination of reflected ERF and background EBG components of illumination is designat-
ed as Eg, (side illumination).

The screen may be located close to the different reflecting surfaces of the room by each edge thereof.
Therefore, the combination of reflected and background light components cannot be considered evenly
distributed across the screen and side illumination should be evaluated for each test rectangle separately.
For this, the direct light flux from the projector is blocked by a light-impermeable object in such a way
that the light meter in the plane of the screen is in the shadow of this object. Since illumination is an ad-
ditive value, the direct contribution of the video projector to the illumination level of the corresponding
area of the screen will be equal to the difference between two consecutive measurements:

12
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Fig. 8. Tested video projectors and their service life: @« — UNIC YG-620 (home cinema, new),
b — EPSON EH-TW6800 (cinema center «Dom Kino», «White» hall, 4 years),
¢ — EPSON EH-TW6800 (cinema center «Dom Kino», «Small» hall, 4 years),
d — EPSON EH-TW7000 (cinema center «Dom Kino», «Lilac» hall, 2 years),
e — Christie CP2210 (cinema center «Dom Kino», «Blue» hall, 13 years),
f— InFocus In1026 (Gymnasium of St. Ambrose of Optina, assembly hall, new),
g— NEC M300W (Gymnasium of St. Ambrose of Optina, classroom, less than a year),
h — Acer X118AH (coworking «GrowUp», meeting room Nel, less than a year)

EDR = Ez _ESD' (2)

Experiment on measuring the lighting parameters of a video projector in a real room

In the experimental part, the parameters of the output light flux of eight projectors were measured
in real conditions of their operation. Photos of the tested projectors indicating the service life from the
beginning of operation are shown in Fig. 8, a—A.

13
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Table 1 shows the main technical characteristics of the tested projectors declared by the manufac-
turers.

To measure the output light parameters of the projectors, measuring devices produced by the “TKA”
scientific and technical enterprise [19] were used: a combined “TKA-PKM 02” device for measuring
screen illumination and “TKA-YAR” brightness meters for measuring brightness.

Test images (Fig. 1, 3—7) were recorded on a USB flash drive connected directly to video projectors
and played back by projectors using the built-in control menu. For each projector, the following values
were measured: output luminous flux (WLO), color luminous flux (CLO), ANSI contrast, brightness
of the resulting image for the center of the screen (Table 2). WLO, CLO and brightness were measured
for each projector twice: with calibration according to GOST IEC 61947-1-2014 (designation “GOST”
in Table 2) and after additional configuration, the method of which was described earlier (designation
“Additional” in Table 2). All measurements were made at the maximum power consumption mode of
the lamp.

Table 1
Main technical characteristics of the tested projectors
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UNIC 1920x1080 )
YG-620 LCD 1 LED 140 20000 50000 (Full HD) 6500 3000:1
Epson
EH- LCD 3 high- 250 3500 5000 119:%1(1);111%()) 2700 120000:1
TW6800 pressure
Epson mercury 4096x2160
EH- LCD 3 lamp 250 3500 5000 (4K PRO- 3000 40000:1
TW7000 UHD)
ultra-high
Christie pressure 2048x1080 )
CP2210 DLP 3 xenon 1600 3000 — (2K) 12000 2000:1
lamp
InFocus |y -y 3 240 10000 20000 | 1280x800 | 4200 | 50000:1
In1026 hi
igh-
NEC 1 cp 3 pressure 230 4000 5000 1280x800 | 3000 2000:1
M300W mercury ’
Acer lamp
X118AH DLP 1 203 4000 10000 800x600 3600 20000:1

Results of the experiment and their analysis

When comparing the measurement results (Table 2) and the technical characteristics of the video
projectors (Table 1), it can be seen that none of the tested projectors produces the WLO luminous flux
declared by the manufacturer in the specification during calibration according to GOST [13]. There
are several reasons for this. Firstly, some test projectors have a long operating history, which affects
the reduction in the efficiency of light sources and light modulating matrices. Secondly, manufacturers

14
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Table 2
Results of measurements of characteristics of test projectors
WLO, ANSI-Im CLO, ANSI-Im Brightness, cd/m?
. ANSI-
Projector trast. k:1
GOST Add. GOST | Add. | GOST | Add. |¢onrashk
UNIC YG-620 280 270 250 240 120 110 300:1
EPSON .
EH-TW6800 (N 1) 320 260 310 250 35 30 100:1
EPSON .
EH-TW6800 (N2) 420 340 380 310 50 42 35:1
EPSON :
EH-TW7000 1180 970 1170 930 61 50 26:1
Christie CP2210 1890 1490 1870 1490 60 55 100:1
InFocus In1026 2910 2840 2870 2720 320 300 90:1
NEC M300W 1050 840 1050 800 120 110 90:1
Acer X118AH 1070 930 390 380 110 100 11:1

indicate the maximum amount of light flux, which must be reduced to obtain a high-quality image on
the screen.

After additional configuration most of the tested projectors display an image of sufficient brightness
for their purposes on the screen except the EPSON EH-TW6800 projector which gives the brightness of
the image significantly lower than the SMPTE minimum for digital cinema of 37.8 cd/m?.

The CLO value is approximately equal to the WLO value for all tested projectors except the Acer
X118AH single-matrix DLP projector (CLO is approximately 40% of WLO).

The ANSI contrast values measured during the experiment are orders of magnitude less than the
contrast indicators declared by the manufacturers in the specifications. Of the four tested projectors
used for commercial film screenings, only two correspond to the minimum allowed ANSI contrast level
of 100:1 according to SMPTE RP 431-2: 2011.

Conclusion

To date, there are no practical recommendations for measuring the parameters of a video projector in
real conditions of its operation. Specifications of video projectors are often compiled by manufacturers
taking into account the further need for the product to be competitive in the market, therefore, the out-
put lighting values indicated in them, measured in laboratory conditions, fail to correctly characterize
the parameters of the actually projected image.

In addition to the methods prescribed by the GOST 1EC 61947-1-2014 for measuring the output
lighting values of video projectors, the authors have proposed their own method for measuring these
values. The method can be used in relation to video projectors belonging to various market segments,
directly in the premises where the projector is operated (i.e., other than laboratory conditions of an ide-
ally dark room), taking into account its service life.

The results of the experiment show that when calibrated according to GOST IEC 61947-1-2014, the
luminous flux drops to 60—70% of the maximum, and with additional calibration — down to 50% (!).
WLO values with additional configuration of the projector, desirable for obtaining the best image quality,
are on average 13% lower than those measured according to GOST IEC 61947-1-2014.

15
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Thus, the proposed method takes into account factors such as the imposition of external illumination
on the screen illumination and the design features of the lighting and projection systems of projectors
during their use. The method allows additional adjustment of video projectors with subsequent meas-
urements of their output lighting values. This setting makes it possible to obtain the best image quality
directly at the place where the projector is installed and used and, in fact, is a clarification of the re-
quirements of the standard [13] for real operating conditions of the projector. The output lighting values
of the video projector measured using this method turn out to be more reliable than those indicated by
the projector manufacturers in the specifications. This factor is especially relevant for multimedia video
projectors that have been in operation for a long time and allow the user realistically assess the condition
of the video projector and make a timely decision about its replacement.
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