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TOTAL SPECTRAL RADIANCE FLUX (TSRF)
REALIZATION
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TSRE realization with spectro-radiometer and photometer

VNIIOFI carries out works on realization of independent methods for reproducing TSRF of incoherent optical radiation' sources
- reference high-temperature blackbodies (BB), halogen lamps, and LED with quasi-Lambert spatial distribution of radiance.
Schemes for measuring facilities use photometers, spectroradiometers and computer-controlled high-class goniometer

designed and manufactured by GL-Optics (Poland).

Reproduction of TSRF from an external source (either BB or LED)
using a spectroradiometer as an independent measurement tool
provides spectral information in addition to a photometer:
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where i(A,0,9) — is the S|gnal measured by a spectroradiometer
using a goniometer.
The same reference source with spectral radiant intensity I(l.q.j) is
measured with a photometer and spectroradiometer, and their
luminous fluxes can be equated:
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Relative measurements of the signal i(A,8,¢) are carried out by a
non-calibrated spectroradiometer, and we find as follows:

i(40,¢) I(A,9,
Let(A,0, @) = o000 i,sm;’:)
where A0, 80, @0 — are the wavelength and the direction of
observation chosen for calibration of the photometer against the
BB, for example, those at which the measured signal is maximal.
As a result, we find the required TSRF

(p()l') = ksca.le : Iﬂo Ir‘e[()h g, (P)dﬂ
where the absolutizing factor measured by means of photometer,

is as follows: _
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spectro-radiometer
Konika Minolta CS-2000

Scheme of TSRF realization from Blackbody or

LED as an external source
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TSRE REALIZATION ON THE BASIS OF
GONIO-SPECTRORADIOMETER

The scheme of the TSRF realization from optical source in the form of a halogen lamp is based on a goniometer (made by GL
Optic, Poland), which includes a 127-mm integrating sphere with a spectroradiometer (1) and a high-speed photometer class A
- all elements are temperature stabilized.

Characteristics of computer-controlled high-class goniometer designed on the basis of blackened aluminum profiles are as
follows: radius of measuring arm 500 mm, both axis driven be a stepping motor with a smooth acceleration and speed control,
set of baffles reducing stray light, handle for precise fix of light sources (170-mm max. size of the light source), possibility of
changing a position of light source within 180 degrees, laser system for geometry control. Mounting unit enables precise
fixation of a measuring unit to a goniometer arm, or to a calibration system based on BB source.

Scheme of calibration of
the spectroradiometer
and photometer located
in the detector block (1),
according to spectral
characteristics,
according to the
reference BB with the
radiation flux generator
in the form of a block of
precision apertures (A)

Computer-controlled high-class goniometer designed and manufactured
by GL-Optics.
1) Integrating sphere with spectroradiometer and highspeed photometer
(temperature-stabilized); 2) Main rotation axis - uniform rotation with a
constant angular speed; 3) DUT slow uniform rotation with a constant
angular speed
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New Standard facility for
Total Spectral Radiant Intensity

Spectral range: 350-1000 nm
Bandwidth: 3.5 nm

Measurand range: 10%—5.108 W/m
Exp. Unc. (k=2): 05%—-2%
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Facility for measuring the spectral sensitivity
of THz receivers
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At VNIIOFI, in 2018, at the improving the State primary standard of units of
absolute and relative spectral sensitivity in the wavelength range from 0.25 to
14.00 um GET 213-2014 in terms of expanding the spectral range to 300 um
(up to 1 THz ) it was developed a block diagram of a reference facility for
measuring the spectral sensitivity of THz receivers.

This facility provides traceability of the results of measuring spectral sensitivity
to the primary standard based on a cryogenic radiometer.

According to the principle of operation, the reference facility is a
spectrocomparator. An optical pumped molecular gas laser is used as a
radiation source. The unit of spectral sensitivity is transmitted to the calibrated
receiver from the reference THz range radiation receiver.
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Reference facility for measuring the spectral sensitivity
off THZz receivers

h

Spectral comparator on the
basis of monochromator and
“white” laser

within GET 213-2014 standard
Trap detector

Spectral comparator on the
basis of He-Ne laser

Standard THz
receiver 5(632,8)

GET 156-2013 IR Fourier-spectrometer

standard Specular reflection R(A;y,)
Specular reflection 1 um <Ay, <300 pum
R(632,8) -

Standard THz receiver

1-RAry,)
S{A‘THI}=S{632¢8}W3T;L8}

Spectral comparator on the
basis of THz laser,

ey This algorithm has already been
iImplemented at the PTB (Germany).

Pyroelectric thin-film THz receiver with constant The traceabi"ty of measurements of the spectral

spectral sensitivity within 0,05-5 THz wavelength sensitivity of THz receivers to an absolute cryogenic
range (i.e. from 60 pm to 6 mm) radiometer
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shutter

Parabolic é\A(:nlttor
mirrors etector

THz
camera

chopper

Standard /
detector / Linear
receiver translation

stage

Block diagram of a setup for measuring
| OECl] Wiy of THZ radiation

recelvers



o

*BEHUAOD U~

oryn —

BCEPOCCHICKMIA
HAYYHO-NCC/IEAOBATENIbCKNIA

MHCTUTYT ONTUKO-®OU3NYECKUX W3MEPEHWUIA

O T Basic elements of the reference
THZz-facility

Radiation source

Characteristics of the outp
the far IR region

Wavelength, pm Far-infrared laser Pump line CO, Typical Power, mW
gas molecule
96,5
118,8
184,3
432,6

513,0
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Incident
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Reflected
radiation

Wavelength, nm

Design of a THz reference Dependence of the internal transmittance of a plane-parallel
thermocouple receiver wafer of NG1 glass 1 mm thick on the wavelength
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Radiation receivers

Basic elements of the reference

THZz-facility

Appearance of the reference and

calibrated receivers on the translation

stage

Appearance of a THz pyroelectric camera
for visualization of terahertz radiation
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In-flight calibration of Earth Observation Instruments
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Development of the novel space-horme standard blackhoedies
that Incerperate the phase transitien phenemenon

the dynamic range of temperature measurements with Earth
observation systems (~ 230+350 K)

Investigations in this field at VNIIOFI were started from laboratory experiments with
the suitable phase-change materials (PCMs), and further proceeded with flight tests
of the PCMs and the novel space-borne fixed-point BB prototypes (with different
PCMSs) in zero-gravity environment.
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PU RPOSE : AWTeHHa BOpTOBOR
Studies of the effect of zero-gravity on the temperature Gnume g e eeom s
characteristics of phase transitions to be used as the fixed : i s

CHETEMBI

points in the calibration of equipment for radiometric
measurements within the framework of Global Earth
Observation System (GEOSS);

Nnatdropma cpegeTe
CTAENEHNA

The FIRST FLIGHT TEST of the prototype of the novel high-
stable space-borne calibration blackbody incorporating the et pamaep.
phase transition phenomenon.

KALIBR

e, BUEPO3ALUMTA

(the Ga fixed-point blackbody)
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SPACE EXPERIMENT “KALIBR”

Scheme drawing of the prospective
space-borne blackbody test model
KALIBR utilizing the Gallium as a
phase-change material:
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SPACE EXPERIMENT “KALIBR”

Pre-flight studies: Flight test:

[e]
b

=3
<1
=]
=3
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40 42 44 46 48 50 52 54 56 58 60 62 64

Time from start of the flighttest, h

KALIBR

zero-gravity conditions

Obtained in zero-gravity melting plateaus
demonstrate rather good repeatability:
about 15 mK (16)
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“REPER-KALIBR” experiment (1st STAGE)
Pre-flight laboratory: studies of the phase-change materials
selected for the flight test (Ga-based eutectics)

(at realization in small-sized cells)

Melting o
Repeatability (&
temperature P y (8) Overall

(approximate) (individual sequences)| repeatability (,,)

(at realization in small-sized cells)
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Pre-flight preparation: development of the equipment

Flight test “REPER-KALIBR” with the
PCMs potentially suitable for on-orbit
temperature and radiometric references -
IS being prepared at VNIIOFI and
Russian Space Corporation "Energia“.

The equipment to be delivered to the ISS for realization
“REPER-KALIBR” experiment with Ga-based eutectics

1 — Control block
2 — Container for changeable thermal blocks
(individual block for every PCM to be studied)
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of the “REPER-KALIBR” flight test of and
(~ 288+298 K) filling the gap in the ITS-90
temperature scale between the TPW and the melting point of Ga were selected.

W

-

y
\

o

The thermal block of the
equipment for realizing the
flight test on board the ISS.

The thermal block’s Teflon cell for filling with Ga and
Ga-based eutectics to be studied in zero-gravity

e

eutectic alloy (~ 345.7 K) and (273.15 K) were
selected. That will allow to significantly extend a prospective "on-orbit temperature
scale" in the directions of both lower and higher temperatures
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SPACE EXPERIMENT “"KALIBR-2"
Pre-flight laboratory studies

. Nominal eutectic
Cell Alloy mass, Composition,

marking g mass%o

Eutectic alloy composition,

mass%

In-Bi 37,1% Bi ~ 33,26 % Bi

—InBi-1
—InBi-2

(at realization in small
cells)

12:00 12:28

Current time
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The experiment on board the with the fixed-point BB
(~ 302.9 K) is the first step to establishing "on-orbit radiometric temperature scale"
based on the space-borne low-temperature fixed-point standard blackbodies.

The next important step in this direction will be experiment with the space-borne
blackbody test model KALIBR-2 (on board the ) utilizing
the fixed point of eutectic alloy of higher temperature (~ 345.7 K).

Establishing "on-orbit radiometric temperature scale" is targeted at ensuring
compatibility of data on different IR instruments

A number of onboard reference blackbodies utilizing suitable PCMs, including Ga
(PCM of the KALIBR) and alloy In-Bi (PCM of the prospective KALIBR-2), should
be developed to achieve this goal.
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Dates of the SPACE EXPERIMENIT KALIBR-2

Equipment delivery to the ISS (International Space Station) for carrying out
stage 1 of the REPER-KALIBR Space experiment is scheduled for April 2020.

Space experiment KALIBR-2 at the Bion-M spacecraft No. 2 for testing the
weightless prototype of an onboard black body under zero gravity conditions,
with a simultaneous study of the effect of weightlessness on the phase
transition of its working substance - the In-Bi eutectic alloy - is planned for
2023.

Phase 2 of the REPER-KALIBR Space experiment at the ISS is planned for
2024.
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High power LED standard light sources for
photometric applications
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High power LED standard light sources for
photometric applications

Scheme and external view of a standard LED source designed at VNIIOFI.
1) Chip-on-board type LED, 2) Opal glass, 3) PTFE tube, 4) Aperture,
5) Peltier element, 6) Heatsink, 7) Fan, 8) Pt1000 temperature sensor.
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Development of Standard high-power LED sources
(Chip-on-board)

Relation of LED temperature
stability from ambient temperature
(green - LED temperature, red-
ambient temperature)

'2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

time, s

Relative change of luminous intensity.

10000 15000
time,s
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Standard high-power LED sources

Luminous intensity angle distribution

LED luminous intensity distributions

Lambert distribution

Spectral distributions

Wavelength, nm
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LARGE-AREA HTFP CELLS FOR
IRRADIANCE-MODE MEASUREMENTS
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High-Temperature Eixed Points

Eutectic alloy

Inflection point
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Design: Dimensions.
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Uncertainty Budget

u(k=1), K
Small cell
Tre.c (E. Woolliams)0.177
Others 0.13
Large-to Small Comp. 0.10
Large cell
POl identification 0.02
Furnace effect 0.05
Stability 0.05 555 nm 300 nm
Combined 0.251 0.09% 0.16%
Aperture 0.02% 0.02%
Distance 0.02% 0.02%
0.09% 0.16%
U(k=2) 0.18% 0.32%

Stability  0.07% 0.10%
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