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ypoBHsa uHTemiexra [IpHC nmpuBena k MOSABICHUIO
MHTEJJIEKTYaIbHBIX U3MEPHUTENILHBIX CPEJCTB, KOTO-
pble paguKaIbHO U3MEHUIIN TPEOOBAHMUS K COCTaBY H
OpraHu3aIui U3MEPUTENBHOTO oOecmeueHus. OTMe-
THUM, YTO JAAHHBIH BHJI WM3MEPHUTEIBHBIX CPEICTB
IpearoiaraeT MmoyiHyo ¢Gopmanmsanuoo [1] npex-
CTaBJICHUS WCIONB3YEMBIX W IOIy4YaeMbIX 3HaHHH,
THIIOTETUYECKHX, HACATbHBIX U HEUACATHHBIX H3ME-
PUTENBHBIX IPOLEAYD.
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Introduction. One of the priorities of the Bela-
rusian industrial policy is energy saving. Up to 20%
of consumed in the country electricity is used for
lighting of streets and buildings. So-called energy
saving lamps) are widespread in last years.

The one of the main problems by the assessing of
the correctness validity of light source exploitations
is the measurements of created illumination.

This value (illumination) is strictly standardized
by the number of technical regulations and should be
controlled carefully [1-3]. However, all types used in
Belarus luxmeters are calibrated or tested against the
standard source CIE type A with correlated color

temperature 1 ¢ = 2856 K, which relative spectral

distribution of the radiation power is quite different
the spectral distribution of the LED. Theoretical
studies show, that by this reason the measurement
error of illumination should significantly rise [4-6].
In our previous research was defined, that in the case
of changing from CIE type A source to the LEDs
illuminance measurement uncertainty in some cases
increased [4]. In this case the illuminance relative
measurement uncertainty of the luxmeters is not
bigger than 4 %, the illuminance relative measure-
ment uncertainty decelerated by the producer is 6% -
10% according to the type of luxmeter.

The nowadays used in BelGIM Facility UPF for
calibration of luxmeters are obsolete, the automated
Facility for calibration of luxmeters/photometers
UPF-2 was created. Facility based on the light
source, which includes both incandesced lamps and
LEDs.

According to the definition, illuminance (at a
point of a surface) is a integral, taken over the hemi-
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sphere visible from the given point, of the expres-
sion L,cos0dQ, where Lv is the luminance at the
given point in the various directions of the incident
elementary beams of solid angle dQ2, and 6 is the
angle between any of these beams and the normal to
the surface at the given point. Unit: Ix = lm-m-2.
From other side according the Lambert law the illu-
minance is proportional the cosine of the angle of
the light direction and the illuminance is possible to
calculate from the follow equation.

E =Lvcos(a)/ r’ (1)

where r — distance to the light source. The most
common method of the assessing the measurement
error (uncertainty) is the method of substitution, i.e.
comparison of measurements of illuminance pro-
duced by stable light source done with the standard
photometer and the DUT. Thus, the measurement
error of the DUT is defined as

2(Ey —E)

AE= 2)

n
where E;,., — illuminance measured by the DUT, E;,
— illuminance measured by the standard photometer,
n — number of measurements, usually not less than 3.
The required value of illuminance is created by
changing the distance from the light source or with
use of the neutral attenuator of luminous flux. On
the base of the Facility UPF-2the the both methods
was decided to use. The block diagram on Figure 1

shows the Facility’s structure.
The Facility consists of four units. There are the
unit of the linear positioning and the luminous flux
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adjustment, the unit of electric measurements equip-
ment and standard receivers, the unit of automatic
registration of measurement results and the unit of
light source based on a combination of a hemispheri-
cal light source.

1 - laser pointer; 2 - light source; 3 - power supply of the
light source; 4 — attenuators of the luminous flux; 5 - mo-
bile automated platform 8MT295-340-2,5; 6 - a video
camera; 7 - automatic mobile platform 8MT175; 8 - stand-
ard optical detector and DUT in the holder; 9 - DUT;
10 - a personal computer.

Figure 1 — Block diagram of the automated Facility
for calibration of luxmeters/photometers UPF-2

The unit of linear positioning and the lumi-
nous flux ad justment. As can be seen from eq.(1)
the significant illuminance measurement uncertainty
source is the distance to the light source reproduc-
tion accuracy. Calculations show, if the distance
between the source and detector is 1 meter and the
error due to the positioning of DUT is 1cm, the pro-
vided illuminance measurement uncertainty is 4%.
Also due to the spectral sensitivity of the receiver
area non-uniformity (which is especially important
for receivers with the large area, such as the luxme-
ters type U-116),the precise positioning of the light
spot in the same place of the photodetector is im-
portant.

In connection with the foregoing, we have de-
cided to create (build-up) the linear positioning and
regulation of luminous flux unit. This unit is based
on Motorized Linear Stages 8MT295-340-2,5 and
8MT175 (Standa, Lithuania). These translators allow
the linear movement of the DUT and the standard
photodetector in 2 perpendicular planes with the
12.5 micrometers accuracy and the high reproduci-
bility. The illuminance regulation without the mov-
ing of the photodetectors is performed by using the
automated iris diaphragm and 3 neutral attenuators
from frosted glass, which are mounted on the re-
volving holder. The moving of the photodetectors
with the respect to the light source, the disclosure of
the iris diaphragm and insertion of the attenuators is
carried out automatically under the control of Facil-
ity’s software. The range of the produced illumina-
tion together with the hemispherical light source
(HLS) is from 0.1 to 40 000 lux.

The unit of el ectric measurements equipment
and standard receivers. Unit of electric measure-

ments equipment and standard receivers consists
from photometer head LMT P30 SCT (dynamic
range of the measurement illuminance from 0.00001
to 100 000 lux, f1< 1.0%, extended standard illumi-
nance measurement uncertainty < 0,8%), and a dig-
ital multimeter Keithley 2100.

The unit of automatic registration of measure-
ment results. Most common types of luxmeters in
our country are: TKA-TIKM, TKA-JIrokc (Russia)
and the photometer-brightnessmeter TOC 0693
(Ukraine). The design peculiarity of these devices
does not allow connecting them directly to the elec-
trical equipment of the Facility or to the computer.
In this regard, for automatic registration of meas-
urement results we have created a new software and
hardware. The unit includes the video camera for
recording the measurement information directly
from the display panel of luxmeter and the program
for its recognition. The data, together with the re-
sults of the measurements received from the stand-
ard receiver are processed with software and dis-
played on (the computer display) as finished proto-
col with the conclusion pass / not pass.

Unit of light source based on a combination of
a hemispherical light s ource. On the picture are
demonstrated the structure chart of created HLS,
which consists of a hemisphere and a reflector. The
inner surface of the hemisphere is coated with bar-
ium sulfate. The ratio of the hemisphere diameter to
the diameter of the output aperture ration is 5/1. [5]
According to test results HLS showed high stability
and reproducibility. Drift of illuminance produced
per 3 hours is not higher than + 0,25%. The uneven-
ness of the light spot at a distance of 0.5 m was
2.23%. Correlated color temperature to 2863 K. [5]

5 —

1 — optical axis of the HLS; 2 — tube; 3, 14 — cooling radi-
ators; 4 — circuit board of the HLS; 5, 8, 11, 13 — screws;
6,12 — pillars; 7 — ring; 9 — hemisphere; 10 — light sources

Figure 1 — Construction of the HLS

Conclusion. It was founded that the Facility has
high performance and metrology characteristics.
Due to the implementation of automation measure-
ment the uncertainty was reduced. It was provided
the possibility of calibration of photometers against
energy-efficient light sources with the Facility spec-
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tral distribution of the radiation power. The safe
implementation of the energy-saving light sources is
provided on this work, and it is an important part of
ensuring the uniformity of measurements of light
sources with a Facility spectral distribution of the
radiation power. The patents for a utility model of
the created Facility and a hemispherical radiation
source are received.
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ONPEJEJIEHUE T'EOT'PA@UYECKOTO ITPOUCXOKIEHUS
BUHOJIEJIBYECKOI NPOAYKIIMU U3 BUHOTPAJIA
C NIOMOIIbIO MHOTOIMAPAMETPUYECKOI'O AHAJIN3A CHEKTPOB ITPONIY CKAHUS

Xonacesuu MLA.', Cxop6anosa E.A.%, Porosast M.B.', Munko U.C.!, Kam6yp E.H.
! Uuemumym ¢usuxu HAH Benapycu
Mumnck, Pecnybauka benapyce
? Hayuno-npaxmuyeckuii uncmumym niodo800cmea, 6UHO2padapcmed U NuLeebix mexHono2uil
Kuwunes, Pecnyonruxa Monoosa

B crpanax, ABISIOMHUXCS TUAEPAMH IIPOU3BOJ-
CcTBa BBICOKOKadecTBeHHOTo BMHa B EBpome (Mta-
qus, Ucnanus, [opryranus, I'epmanus u B nocnen-
Hee BpeMsi Poccust), O0NbIIOe BHUMAHUE YACISACTCS
COBEPILIEHCTBOBAHUIO METOJ0B KOHTPOJII KadecTBa
MPOAYKIIUKM U3 BUHOTPaaa. B 3Tol CBsI3M 0OBEKTHB-
Hasl OIIEHKa BO3pacTa BBIAECPKKU BMHA M BUHOMATe-
puanos [1], unenrudukanus npousBogutens [2] u
reorpapuuecKoro MpPOUCXOKIACHUS HAanmUTKa [3] siB-
JISTIOTCSI aKTYyalIbHON TIPOOIEMOT.

B ocHoBe kimaccubpuKanyu BUHOTPAJHBIX BHH B
ctpaHax EC neXHT pernoHaNbHOE MPOUCXOKICHHE
U KadecTBO. MOJIAaBCKOE BHHOJENHE TaKKe MPO-
IIBUTAETCS K MPOW3BOJCTBY BHH, OpEHIH, AWBHUHOB
(KOHBSIKOB) M IPYTHX HAIUTKOB C TeorpaduIecKuM
yKa3aHHeM ¥ HauMEHOBAHHEM IO MECTY MPOUCXOXK-
JIeHUSL.

YcTaHoBIIEHHE PETHOHANBHON MPUHAIEKHOCTH
BUH U JPYTrUX BHHOJCIBYCCKUX MPOAYKTOB IPH UX
ACCOPTUMEHTHOW HICHTH()UKAIMH — JIOCTATOYHO
clokHAs 3amava. [ ee pelreHust MPUMEHSIOT pas-
mugHele  Mertoabl. OIWMH W3 HHUX OCHOBaH Ha
HCCIICIOBAaHUH OOJIBIIOTO MACCHBa JaHHBIX (TIepe-
MCHHBIX) 00 OOBEKTaX XEMOMETPUYCCKUMH METO-
JIaMH, TIO3BOJISIFOIIUMH HAWTH CKpPBITBHIC B3aMMO-
CBS3H MEXIY ITHMHU TEPEMCHHBIMHA U IPABIIBLHO
OTIPEJICNINTh BKJIQA KAXIOH M3 HUX B CTaTHCTHYE-
CKYIO MOJIeNb, IEIbI0 MOCTPOSHHUS KOTOPOH SBIIS-
€TCs peleHre NISHTU(UKAIIMOHHOW /WU KIIACCH-
(ukanmmoHHOW 3amad. Yame BCEro B ITHX CIIydasx
MIPUMEHSIOTCS METOJ| TIaBHBIX KoMroHeHT (MI'K
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[4]), muckpumunanTHBIN aHamm3 (JJA [5]), uckyc-
ctBenHble Heliponnsie cetn (MHC [6]), meton dop-
MaJIbHOTO HE3aBHCHUMOI'0 MOJICIMPOBAHMS aHAJIOTOB
knaccoB (SIMCA [7]), xnactepubrit aHaimms (KA [8])
u 1p.

B nameii pabote riccneoBana BHIOOpPKa MOJIIAB-
CKHX TUBUHOB (KOHBSKOB), coaeprkarmias 24 obpasma
OT IBYX reorpaMuecKu pasInM4aronIuXxcs MPOHU3BO-
auteneil. CeKTpsI IPOITyCKaHHUS JUBHHOB OBLIH 3a-
PETUCTPUPOBAHBI C IOMOIIBIO 3aNUTHIBAEMOIO OT
USB-nopra KOMIbIOTEpa MOPTATUBHOTO CHEKTPO-
Mmetpa OceanOptics USB-650 VIS-NIR (cm. puc. 1)
(mmamason muH BojH oT 350 mo 1000 HM, neTekTop
¢ 650 axtuBHBIMHU 3yeMeHTaMu (650 3HaueHUHl Ha
OJIMH NOJHBIM crekTp, uiau 1 3HayeHue Ha | HaHO-
METp), BXOJHAS LN MIUPUHOH 25 MKM obecredn-
BAaCT ONTHYECKOE Pa3pelIeHHe OKOJIO 2 HM).

Pucynok 1 — Crekrpometp OceanOptics USB-650





