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Now integrating spheres (I1Ss), including ones that uses light emitted diodes (LEDs)
as primary light sources, have become essential components of modern photometric and
calibration systems for optical sensors, digital cameras, photodiodes, and machine vision
systems [1]. This work aims to compare the illuminance—current characteristics of
several high-power LEDs and to identify suitable sources for a digitally controlled
integrating sphere.

To reach maximal possible uniformity of brightness throughout IS output aperture
all used LEDs should have similar illuminance—current characteristics. That is why only
LEDs with similar characteristics can be selected for high uniformity IS. When these
LEDs characteristics are known it is possible to apply individual current correction to
guarantee the equal radiance of each LED inside IS.

There have been proposed and tested the
technique for automatic measurement of LED
illuminance—current characteristics based on State
Standard of Ukraine and novel recommendations
[2, 3]. Instead of implementation of special
technical solution the designed IS is used for
luminance measurements [4].

The set of powerful white LEDs was carefully
investigated as the candidates for IS light sources
(Fig. 1, Table 1).

Fig. 1. Investigated LEDs with heat sinks.
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Table 1. Main parameters of investigated LEDs

No | LED model power | Color Color Voltage, Current, Luminous flux, | Emission
temperature, K | V mA Im angle, deg

1 | SERZCT  SW I 5y | Natural White | 4000-4500 3234 | 700 260-280 120°

High Power LED
2 | XMLL2-20000K | 10W | Cold White 20000-30000 | 3.0-3.6 | 350-3000 | 1100-2000 115-120°
3 | Cree XM-L ~5W C‘vaht:i;a' I Cool | 4000-6500 3.0-36 | 700-3000 | 300-900 ~120°
4 | Cree XRE 3W | Cool White 6000-6500 32-36 | 350-1000 | 200-300 115-120°
5 | cree xHp7012 | 10-20 | Neutral /- Cool | )54y 6e 12.0 500-1000 | 2000-4000 ~120°

W White

6 g}ngRGBWW' 5W | White 3000-3500 30-36 | 500-1500 | 200-300 ~110-120°
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The LEDs Iluminance-current characteristics are presented on Fig. 2, where each
point represents the average value of three measurements. LEDs exhibit a quasi-linear
region at low and medium currents, followed by saturation near upper operating limits,
which is consistent with the classical electro-optical modeling of LED behavior (Fig. 2).
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Fig. 2. llluminance-current characteristic of high power LEDs.
For a direct comparison, Fig. 2 presents only the LEDs belonging to the comparable
low-voltage class. Cree XMLL2 and Cree XHP7012V were excluded from this plot
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because of their different power and voltage ranges. These data are used for design of IS
digital control system that set the current to each LED depending on its luminance—
current characteristics.

Keywords: integrating sphere, light emitting diode, measurement, luminance—current

characteristics, digital control system.
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HeoOxigHUM KOMIIOHEHTOM Ha eTalll HaBYaHHS CHUCTEM IITYYHOTO I1HTENEKTYy €
Habopu 300paxkeHp (Data Sets) Bemmkoro oOcsry. TumoBuM crmocoOoM 30UTBIICHHS
00csary Habopy 300paxeHb € (YHKI[T TEOMETPUUYHHUX TMEePEeTBOPEHb Mij 4yac IudpoBoi
00poOku 300paxens (L1O3). HaiiOinbn BKMBAHMMH B AOCHIIHUIBKOMY CEpPEIOBHIII
3acobamu 1103 € cucrema komm torepHoi marematuku MATLAB Tta ckpinroBa (Script)
anroputMmidyaa moBa Python. 3acobu reomerpuunux mneperBopeHb it MATLAB
mictuth Gibmioreka Image Processing Toolbox (IPT), ams Python — 6i6mioTexun Open
CV (OCV), Python Image Library (PIL), SciPy Tomro.

[IpoBeneno nmocmimkeHnHs edekTuBHOCTI BOymoBanux 3aco0iB IPT MATLAB Ta
Python nis reomerprunux adiHHUX (3CyB, MacITabyBaHHs, 0OEpTaHHS, TEPEKOIICHHS)
Ta MEPCIEKTUBHUX TOMOTPa(IUHIX NEPETBOPECHD MUPPOBUX 300paKEHb.

['eomeTpuuHi TMEPETBOPEHHS BCl OI10JIOTEKHM TPOBOMASTH SIK 31 CTaHIAPTHUMH
OTHOOAMTOBUMM JaHMMH THIy UINt8, Tak 1 3 pO3MIMPEHWMHU JaHUMH TUMIB UINt16,
float32, float64 (xpim PIL). Bci 6i0mioTekn MicTATh K yHIBepcaldbHI QYHKIII — OJHY
JUTSL BCIX P13HOBUIB MEPETBOPEHD, TAK 1 CHEIlali30BaH1 JJisi OJJHOTO THUILY NIE€PETBOPEHB
31 CIPOIIEHUM BUKIIUKOM.
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