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Standard Radiometric Facility
for ground high-accuracy Pre-flight calibration
of the Earth observation instruments
with apertures up to 500 mm
In (0.3+25) um wavelength range
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VININOFEI's Standard Radiemetrc Eacility, for preflight
caliration of the Earth elhservation instruments (0,3-25' um)
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Radiometric calibration in 0.3-3 pm range Radiometric calibration in 3-25 pm range
in cryo-vacuum chamber

Blackbody on fixed

Large area Blackbody with 500- point of Ga

monochromatic source mm aperture

Integrating sphere

Instrument under
calibration

Instrument under
calibration

@

Translation stage
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Large-area low
temperature blackbody Ga fixed-point blackbody

Integrating sphere,
hlgh temperature blackbody
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Calibration ofiIntegrating Sphere hy: cemparisen
against high temperature blackbody:

High temperature

black body with

: WC-C High
Integrating sphere | femperature Fixed
=] Point

Double monochromator

Radiation
thermometer &
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Calibration efiintegrating Sphere by cemparisen |
against high temperature blackihedy:
With WC-C HIGH TEMPERATURE FIXED POINT:

h

Specifications of the Cells
Cell diameter
Cell length
Cavity opening

T
-
> F a‘h& . Cavity diameter
3 R eI T TR T NI IR
¥ M = AN Cavity depth 34.5 mm
4 — — LT |

b Cell type Hybride
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5 tﬁg ] g Graphite type SG;}:';SUP
SO OO A A\ %

34.5 L A | Nominalpurity |

Filling method -EJE_

Carbon Composition during filling

0.9997
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Metrological facility for radiometric
calibration within 3 ym to 14 pym range

The large-area blackbody model (LABB) characteristics

Working temperature range, °C

Temperature stability, °C

Opening aperture diameter, mm

Effective emissivity at -60°C, wavelength A=14 mkm

VTBB Specifications

Working temperature range, °C

Temperature stability, at -10°C

Opening aperture diameter, mm

Temperature gradient along cavity at -10°C, °C
Cavity inner diameter, mm

Effective emissivity

Value

-60 to 150
+0,02

500

20,99

Value

-60 to 150
+0.02

<0.1

40
=02990/
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lLarge area low temperature blackihody (CABB)
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Blackboedy-Based IR Menechromatic Radiation Seurce for Preflight Spectral
Radiance Calibration Facility

Standard
detector

Vacuum Chamber

Standard
Detector

Characleristic
Spectral range (pm)

Output beam diameter (mm)

Spectral resolution (nm) , L Monochromator

Output beam divergence

Spectral range (pm)
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Facility fer: Preflight studying of Gallium Cells
N a Space-hased Blackbody model

N §1 ]
‘ xl'ﬂ'l'l'l'l'\ -

ﬁ;ﬁ/ M.W

Figure 2. Facility for Studying Space-Based Blackbody
Model Gallium Cells. 1 - Blackbody model at gallium
m.p., 2 - Changeable Teflon cell filled with gallium, 3-
Heat exchanger with a removable liner, 4 - Emitting
copper cavity, 5 - Platinum resistance thermometer, 6 -
Digital multimeter, 7 - Computer, 8 - Liquid thermostat, 9
- Vacuum chamber, 10 - Liquid nitrogen vessel, 11 -
Radiation shields, 12 - Input window, 13 - Precision
pyrometer.

Figure 5. The phase transition temperature plateau of the
Gallium cell for a case when the black body is connected to
the vacuum chamber but without a liquid nitrogen in the
reservoir.
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Hyper-Spectral Earth Obsenvation Instrument
andiits Pre-flight Calibration

Hyper-spectral Earth
obsen/ation instrument GSA-RP.

located atop the Resurs-P.
SO satellite.
Ve Q Calibration of GSA-RP!unit at

W

b ) 1 ~ 7o\ | VNIIOFI against National
| Standard
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Calibration of space-borne radiometer (IKl Russia Ac.Sci)
at FGUP “VNIIOF1”
= ! "“']'"’"!,v;.‘::":ié“' ‘
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In-flight calibration of Earth
Observation Instruments
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Development of the noevel space-horme standard blackiboedies
that Incerperate the phase transition 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
PCMs) in zero-gravity environment.
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FElight tests

Experiment Planned experiment
on board “REPER-KALIBR” on board the
the “Foton-M” #4 “Bion-M" #2

Flight test of the Flight test of the novel

novel high stable is being prepared high stable space-borne BB

space-borne BB i G prototype
prototype ( )

(launch —
( 2018) (launch — 2021)

The space-borne
fixed-point BB test
model with the Ga
as a PCM

The space-borne fixed-
point BB test model with
the eutectic alloy In-Bi as a
PCM
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AWTeHHa BOpTOBOR

PURPOSE:
Studies of the effect of zero-gravity on the temperature G Gormeed Mo e rrema

Garapen annapar GoproBon
annapatype

characteristics of phase transitions to be used as the fixed : ; \ i
points in the calibration of equipment for radiometric : K
measurements within the framework of Global Earth
Observation System (GEOSS);

CHETEMBI

Nnatdopma cpegeTs
OTAENEHIA

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

/ oxnagitens

KALIBR

g 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:

(S
b

=3
=1
°
2
=

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 -
Repeatability (&
temperature P y () Overall

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

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

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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SPACE EXPERIMENT “"KALIBR-2"
Pre-flight laboratory studies

. Nominal eutectic
Cell Alloy mass, Composition,

Eutectic alloy .
marking g mass%

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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Low-temperature BBs for remote-
sensing instruments’ calibration
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Low-temperature blackbody =
BB-100V1 D = e
for JAXA and - ,=
NEC-Toshiba Space Systems,
Japan

Cross-section of BB100-V1 blackbody. The PRT-100 sensors are located at the
edges and in the middle of cavity bottom, and in lateral walls — close to the
gﬁ’ff; cavity bottom, and in the vicinity of blackbody opening aperture.
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3-D view (computer ACAD simulation)

of BB100-V1 blackbody.

The screen-vacuum insulation around black
radiating cavity is made of multilayered
polyethlenetheraftalat film
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Low temperature BB10OK1 for KRISS, South Korea

B -
Computer

Thermostat
HUBER
Unlstat-750
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Middle-temperature
blackbody

BB1000
for SDL, USA

€15 micron Foil, Cerami
Spacer,
20 - 25 Layers)

N

see
ININININDN
—

=11/

N

N

Cold Reflector
Au Coated Al
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Middle-temperature
blackbodies

BB900-BB100
for DLR, Germany
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Low-temperature blackbody

BB80/350
for RNIIKP [RISDE], Russia

BB-80/350 aperture scan at T = 72.2 °C.
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Thank you !
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