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Krasimir Velinov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, candela@mail.bg, http:/light-bg.eu/

ABSTRACT. The development of modern technologies has allowed the creation of increasingly sophisticated systems for visualizing information. The evolution of the
technology in this area has taken place in the following sequence: CRT, LCD, LED, OLED, AMOLED. Within the existing LCD, LED, OLED, AMOLED technologies,
2D, 3D and holographic displays can be developed. A team of engineers from the European Union are engaged in the development of elements of this technology.
For this purpose, the Optintegral project has been activated with the idea of developing better and more modern LED display displays using the use of pressurized
injection molding. Optintegral's goal is to demonstrate the feasibility of technology, flexibility, resilience and cost savings in this revolutionary manufacturing process.
This will enable the competitive production of a wide range of LED displays within the European labor market. The consortium includes nine European partners from 5
European countries, including Fundacié Privada Ascamm (ASCAMM), Simulacions Optiques SL (SNELL) and Spain's Spanish Assaciation for Standardization and
Certification (AENOR), VTT Technical Research Center of Finland (VTT) Neonelektro Oy (NEO) from Finland, LumyComp Design Ltd. (LUMY) and Megatex
Commerce Ltd (MEGATEX) from Bulgaria, Holografika Hologramel8allitd Fejleszté és Forgalmazd Kft. (HOLOGRAFIKA) from Hungary and UBATH from the United
Kingdom. In order to evaluate the qualities of the constructed modules and displays, a system to measure their parameters has been developed at the NIL "Lighting
Engineering" at the University of Mining and Geology "St. Ivan Rilski". The system is a set of optical measuring equipment and a specially designed and manufactured
coordinate table with a JETI spechos 1201 spectrometer mounted. The coordinate table has dimensions of 1300x1400 mm and allows measurement of displays up to
1200x1200 mm. The shifting of both axes X and Y is accomplished by two stepping motors. For testing, a measurement methodology has been compiled in
accordance with current regulatory documents. With the measurement system so constructed, control measurements of a LED module.
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CUCTEMA 3A U3MEPBAHE HA IUCINEN
Kpacumup BenuHoe
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PE3IOME. Pa3BuTieTo Ha CbBPEMEHHIUTE TEXHOIOTN NO3BONSBA Cb3faBaHe Ha BCE NO-ChbBBPLUEHN CUTEMM 3a BU3yanu3upaHe Ha nHdopmaumsta. EBontoumsTa Ha
TEXHoMorumTe B Taau obnact npotuya B cnegHata nocneposatenHoct: CRT, LCD, LED, OLED, AMOLED. B pamkuTe Ha cbluecTByBaLuuTe TexHonorun LCD, LED,
OLED, AMOLED worar ga ce paspa6otar 2D, 3D n xonorpadcku aucnnen. Ekun urxeHepu ot EBponelickus Cblo3 ca ce 3aenu ¢ paspaboTkata Ha enemeHTi ot
Tasu TexHonorus. 3a uenta e aktueupaH npoekTbT Optintegral ¢ naesTa aa ce paspabotat no-gobpyu u MoaepHn peknamiu LED gucnnew, kato ce w3nonasa
TexHomorusiTa Ha xvbpugHO MHTErpupaHe u4pes LinpuusaHe noa Hansrade. Llenta Ha Optintegral e ga ce [okaxe MPUNOXMMOCTTA Ha TeXHomorusita, Aa ce
[EMOHCTPUPa MbBKABOCTTA, YCTOMYMBOCTTA U HaMansiBaHETO Ha pasxoauTe Mpu TO3U PEBOMIOLMOHEH MPOM3BOACTBEH Mpoliec. ToBa Lie fafe Bb3MOXHOCT 3a
KOHKYPEHTHOCMOCOBHO MPOM3BOACTBO Ha LUMPOK Kpbr OT pasHoobpasHn LED aucnneun B pamkuTe Ha eBponeiickus TpynoB nasap. KoHCopuuymbT BKMtOYBa AEBET
€BpOneiickn MapTHLOPU OT 5 eBponencku cTpaHW, B ToBa umcno Fundacié Privada Ascamm (ASCAMM), Simulacions Optiques S.L.(SNELL) u VcnaHckata
acoynauys no crtaHaapTusaums u ceptudmkaums (AENOR), LieHTbpa 3a TexHuuecky npoyysanus (VTT) u Neonelektro Oy (NEO) ot ®unnanamsi, LumyComp Design
Ltd. (LUMY) u Megatex Commerce Ltd.(MEGATEX) ot Bbnrapus, Holografika Hologramel6allitd Fejleszté és Forgalmazé Kft.(HOLOGRAFIKA) ot YHrapus
Yuusepcuteta B bat (UBATH) ot ObeauHeHoto KpanctBo (UK). 3a ga ce HanpaBu OueHKka Ha kayecTBaTa Ha KOHCTpyupaHute mogynu v aucnneu, B HUAJ
“OcseTnTenHa TexHuka" npu MuHHO-reonoxkus yHuBepcuteT “CB. MBaH Puncku” Gelwe cb3fafeHa cucTema 3a u3MepBaHe Ha napametpute um. Cuctemara
npeacraensea Habop oT anapaTypa 3a ONTU4HU M3MEPBAHWS 1 CMeLanHo KOHCTpypaHa 1 n3paboTeHa KoopauHaTHa Maca C MOHTUpaH criekTpopagnomeTsp JETI
specbos 1201. KoopauHatHata Maca e ¢ pasmepyu 1300x1400 Mm 1 no3Bonsisa u3amepsaHe Ha gucnnen o pasmep 1200x1200 mm. MpemectBaHeTo no AseTe ocu X
1Y ce oCblyecTBsiBa OT ABa CTBIMKOBW ABUraTeNs. 3a MPOBEXAaHE Ha U3NWUTAHUSITA € CbCTaBeHa MeTOAMKa 3a M3MepBaHe B CbOTBETCTBUE C [eicTBaluTe B
MOMeHTa HOpMaTuBHN okymeHTH. C Taka Cb3fafeHaTa u3mepBaTenHa cuctema ca U3BbPLUEHN KOHTPONHM M3MEpPBaHIS Ha CBETOAMOAEH MOAYT, MpeaHasHaueH 3a
n3pabotka Ha aucnnen. CbagageHara u3mepBaTenHa cucTemMa e TecTBaHa, kato ca M3BbPLLEHN KOHTPOMNHM U3MepBaHUS Ha CBETOAMOAEH MOAYr, NpeaHasHayeH 3a
n3paboTka Ha Aucnneu. TectoBeTe ca nokasanu HeliHata paboTocnocobHocT. HanpaBeHw ca npenopbku 3a Gbaelya pabora.

KniouoBu AYyMU: avenne, M3mepBaTenHu CUCTeMu

Introduction standard display with a resolution of 640x480 tp. The most

common screen resolution currently is from 1280x1024 t to

For a relatively short period of time, | have witnessed how 1920x1200 t.

technical devices fpr visual infgrmatipn have changed. !nitially, The development of state-of-the-art technologies has
these were CRT displays for displaying textual information, but  ayowed us to create increasingly sophisticated systems for
it quickly came to the idea that a picture was more powerful yigalizing information. The evolution of the technology in this
than the text, and the first PCs had the ability to display area was performed in the following sequence: CRT, LCD,
graphical images. The quality was cryptic - a screen resolution LED, OLED, AMOLED. The last three technologies have
of 320x240 dots and a monochrome image. Things changed, enabled an even higher resolution - full-color 4K - 4096 x 3112

however, as in 1986, the most common computer had a dots, with low energy costs.
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In August 2016, Japan's national television company, NHK,
launched the world's first regular 8K satellite broadcasting. The
Super Hi-Vision Test Channel ran on Aug. 2 with a picture
resolution of 7,680 to 4,320 pixels. Last September, Sharp
presented a 85-inch receiver with a resolution of $ 133,000. [1]

The processing of such an image requires large
computational power. At the SIGGRAPH 2016 event, the AMD
Radeon Pro graphics card has demonstrated an equivalent
monitor resolution of 16K - 15,360 x 8640 (132 megapixels) [2].

Within  the existing LCD, LED, OLED, AMOLED
technologies, 2D, 3D and holographic displays can be
developed. A team of engineers from the European Union are
engaged in the development of elements of this technology.
For this purpose, the Optintegral project has been activated
with the idea of developing better and more modern LED
displays using the use of pressurized injection molding.

Optintegral's goal is to demonstrate the feasibility of
technology, demonstrate flexibility, sustainability and cost
savings in this revolutionary manufacturing process. This will
enable the competitive production of a wide range of LED
displays ~ within ~ the  European  labor  market.
Optintegral will initially develop three different prototypes of
large-scale displays - 3D glasses-free, lightpipe Displays and
LED direct-illuminated displays - designed for the store
network, for transport and hotels. These prototypes of displays
will be produced and demonstrated by three European SMEs
and an effective impact on observers will be tested and
evaluated through the use of state-of-the-art medical
computerized imaging technologies with EEG enrollment.
Optintegral: This is a three-year project, launched on
01.02.2015 with funding provided by the European Union
amounting to 5,675,337 Euros. The consortium includes nine
European partners from 5 countries, including Fundaci6
Privada Ascamm (ASCAMM), Simulacions Optiques SL
(SNELL) and Spain's Spanish Association for Standardization
and Certification (AENOR), VTT Technical Research Center of
Finland (VTT) Neonelektro Oy (NEO) from Finland, LumyComp
Design Ltd. (LUMY) and Megatex Commerce Ltd. (MEGATEX)
from Bulgaria, Holografika Hologramel8allitd Fejleszté és
Forgalmazé Kft. (HOLOGRAFIKA) from Hungary and the
UBATH University of the United Kingdom (UK).

In order to evaluate the qualities of the constructed modules
and displays a system has been developed to measure their
parameters in the Lab "Lighting Engineering" at the University
of Mining and Geology "St. Ivan Rilski".

The work was done in the following sequence:

1. Buying standards describing the testing methodology of
2D, 3D and holographic displays.

2. Creating a test methodology

3. Construction of an apparatus and a system of measuring
instruments to perform the tests.

Description of a display measurement system

To carry out the measurements a complete
system was used with the following equipment:
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LMT Photometer
B520, ID 04B4021

luminance-meter

L 1003 of angular field
1o, producer “LMT”
Germany, ID 0686191

Automated
goniophotometer

Power Meter
HM8115-2
ID 015447345

Stabilized power
supply ZAFV1.5/270;

Digital multimeter
DMM4050;

Ulbricht photometer
with diameter 2m

Laser rangefinder
DLE-40
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spectroradiometer
JETI spechos 1201,

Pulse light meter

Automated display
measuring table

Spreadsheet
generator

In order to carry out the measurements, a coordinate table
was constructed, on which spectrometer JETI spechos 1201
(Figure 1) was mounted. The coordinate table has a size of
1300x1400 mm and allows measurement of displays up to
1200x1200 mm. The displacement on both axes X and Y is
accomplished by two stepping motors.

Fig. 1. Coordinate table for measuring displays

A suitable software was developed for coordinate table
management and reading of the spectroradiometer data.

With the system so constructed, the following tests can be
carried out:

- Measuring the viewing angle and distribution of
brightness in the space;

- Measuring the pulsation coefficient of light;

- Measurement of white light chromaticity and its uniformity
in liquid crystal display and devices with built-in backlighting
system;

- Reproduction of colors;

The test methodology has been compiled in accordance with
the documents [3 - 13]. In Fig. 2 and Fig. 3. the conditions
under which the measurements are made are shown.
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Fig. 3. Standard measurement positions in the centers of all rectangles
P0-P24

Results

With the measurement system so constructed, control
measurements of a LED module designed for display were
made. The photo of the module is shown in Fig. 4.

Luminous flux emitted from the 37 Im module.

Distribution of brightness on the red color display, cd/sqm

66.4
47.0

68.5
73.0

75.1
64.0

Minimum value = 47.0 cd/sqm
Average value = 65.7 cd/sqm
Uniformity — Uo = 0.72

275
185

289
252

289
186

Minimum value = 185 cd/sqm

Average value = 246 cd/sqm

Uniformity - Uo=0.75

Brightness distribution on blue color display, cd/sgm

49.7
36.7

50.2
475

49.9
294

Minimum value = 29.4 cd/sqm

Average value = 43.9 cd/sqm
Uniformity - Uo = 0.67

Brightness distribution on white, cd/sgm
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352
234

372
406

363
235

Minimum value = 234 cd/sqm

Average value = 327 cd/sqm

Uniformity — Uo = 0.72

Brightness in the middle of the bright segment = 220 cd/sqm
Brightness in the middle of the dark segment = 0.75 cd/sqm
Brightness at the end of the bright segment = 137 cd/sqgm
Brightness at the end of the dark segment = 20.3 cd/sqm

Fig. 4. LED display module

[-Time 630 ms

CCT
CRI
LUX

Ap

Fig. 5. Spectral characteristics

o

15

Fig. 6. Light distribution of the display module
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Conclusion

The established measurement system has been tested by
performing a control measuremeint of a LED module designed
to produce a display. Tests have shown its efficiency.

Guidelines for future system upgrading - mounting an extra
camera to capture portions of the display. From the captured
images, defective pixels, spacing pixels and nonlinearities are
determined directly.
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