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Abstract—An all-sky monitor (MVN) is an instrument intended for a long-term experiment for
measurement of cosmic x-ray background (CXB). It will be installed on the international space
station (ISS) surface in 2018. In this instrument four CdTe detectors are used to measure CXB
energy spectrum. To obtain accurate spectral measurements with planned accuracy, detectors’
temperature should not deviate by more than two degrees from minus 30◦ C during the experiment.
Thermal stabilization of the detectors is complicated because of strongly variable external thermal
conditions on the ISS surface. Inﬂuence of variable heat ﬂuxes can be compensated for by using
oppositely oriented radiators. In this article we describe the method application in the case of MVN.
DOI: 10.1134/S1810232817030079

INTRODUCTION
An all-sky monitor (MVN) is an instrument to be mounted on the international space station (ISS)
during a three-year period from 2018 to 2021. The MVN experiment has been proposed by the Space
Research Institute of the Russian Academy of Sciences and is being developed in collaboration with
the Energia Rocket and Space Corporation. The MVN instrument is planned to be mounted on the
universal workplace (URM) of the Russian Segment of the ISS with zenith orientation (see Fig. 1). The
ﬁeld of view of the MVN (7.7 square degrees) is limited by shielding collimators. As a result, the MVN
will observe ∼ 83% of the celestial sphere every 72 days because of the precession of the ISS orbit.
The main scientiﬁc objective of the MVN is to measure the CXB surface brightness on the sky
with high precision in a 6–70 keV energy band. The mission performance estimates show that CXB
measurements performed with the MVN will exceed accuracy of all measurements performed in the
previous experiments [2].
To measure x-ray spectra, four semiconductor detectors based on a CdTe crystal are used as radiation
receivers in the MVN. The size of each crystal is 24 × 24 × 1 mm3 . The detectors work on the principle
of the Schottky diode. The crystals are manufactured by Acrorad (Japan). Experimentally it has been
found that to obtain the desired spectral properties of the detectors their temperature should be lowered
to minus 30◦ C and should not deviate from this level by more than ±2◦ C. On the other hand, the external
surface of the MVN will be irradiated by the highly variable ﬂux from the Sun as the ISS moves on its
orbit. Direct sun irradiance (Es) varies from 0 to 1400 W/m2 during a 1.5 hours ISS orbit. Fluctuation
of a reﬂect sun irradiance (Esp) makes 0 . . . 490 W/m2 .
Sun irradiance ﬂux on some MVN surface is a function of time periodical with the ISS orbit.
Diﬀerently oriented surfaces of the MVN are irradiated by diﬀerent direct sun irradiance ﬂuxes. We may
say that the ﬂuxes are shifted on some phases (as a function of time) on each surface of the MVN.
This property can be used to compensate for high variability of the ﬂux irradiating particular MVN
surfaces. Below we will describe in detail the method implementing this approach.
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Fig. 1. MVN on the universal workplace on the ISS surface.

THE PRINCIPLE OF OPERATION OF MVN
The main reason of the inaccuracy of the CXB measurements is the internal instrumental background, which is diﬃcult to separate in the x-ray spectra. Most part of the internal background originates
from the x-ray photons arising in the matter surrounding detectors due to its irradiation by the space
particles and photons. Since cosmic radiation and particle ﬂuxes are highly variable, the internal detector
background is as well highly variable. It also depends on the current orientation and latitude of the ISS.
In the MVN, in order to separate CXB from the internal background, there is a screen having a
form of a semidisk that rotates in front of the collimators (see Fig. 2). The screen periodically closes
each detector from the CXB radiation for 30 s within one minute. The detector measures both internal
background and CXB when it is not closed by the screen from the sky, and only internal background in
the opposite case.
The CXB spectrum results from subtraction of the spectrum obtained with the detectors closed by
the screen from the spectrum obtained with the detectors opened.
It should be noted that the technique to separate a signal from the background by temporal
overlapping detectors with a screen is not new. There were attempts to obtain the spectrum of the diﬀuse
background in the past [3]. Nevertheless, in previous experiments the period of aperture overlapping was
of order of the orbital period. Therefore, it was not possible to conﬁrm that the changes of the overall
measured spectrum are due to the CXB screening and not due to the internal background variations. In
the MVN the aperture overlapping is much shorter than the orbital period (1 min vs. 1.5 h). It is expected
that the shape and normalization of the internal background do not change on this timescale.
The short period of aperture overlapping allows one to exclude the external background which is not
relating to CXB from measurements. Such a background is created by the South Atlantic Anomaly and
charged particles at high latitudes. Measurements are not taken on those orbit section where the factors
have inﬂuence. It gives about 20% of time to loss.
THE OPTIMAL ORIENTATION OF THE MVN RADIATORS
As was mentioned above, the targeted quality of the CXB measurements is reached at MVN
detectors temperature minus 30◦ C. It is also important to maintain detectors temperature at a stable
level within the range of ±2◦ C.
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Fig. 2. Method of separation of useful signal from the cosmic x-ray background that is implemented in the experiment MVN.

The best temperature of operation of other electronic and kinematic nodes of the MVN is about
+20◦ C when permissible variation from that level ±30◦ C. The “warm” environment of “cold” detectors
is an additional challenge for thermal stabilization of the crystals on a low temperature level.
Temperature of the universal workplace can change in an extremely wide range from −150 to +100◦ C.
It follows that the device should be thermally isolated from the mounting planes and the MVN thermal
mode has to be provided by the internal thermal control system. The thermal control system in such a
conﬁguration should contain a radiator for radiation of a heat ﬂux produced by the MVN and absorbed
by its surface. Due to the ISS and Earth orbital movement the Sun changes its orientation in the MVN
system of axes. The ISS orbital period is 94 min. The orbital period of the Earth is one year. Moreover,
the degree of shielding of the MVN surfaces from cosmic heat sources (the Sun and the Earth) by the
hull of the ISS changes along with the changes in direct heat ﬂuxes. In this regard, there is an extremely
high variability of the direct and reﬂected Sun radiation and IR radiation from the Earth on the radiator
of the MVN.
There are two ways to passively smooth temperature variations of the radiator caused by the
variability of the external heat ﬂuxes. The ﬁrst way is to use a heat accumulator. The second option
is to replace a single radiator by several radiators oriented in diﬀerent directions [4]. Heat accumulators
are used very seldom in the scientiﬁc equipment because of the diﬃculty of their integration into the
device, and signiﬁcant material cost and time needed for their creation and testing. On the other hand, it
is quite simple to mount several diﬀerently oriented radiators on the instrument. This radiators’ system
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Fig. 3. Specialized thermal nodal model of the MVN for determination of the optimum radiators’ areas.

should be conﬁgured in such a way to receive approximately constant in time external heat ﬂux despite
of the Sun direction in the instrument axes.
For the temperature maintenance we used the approach with several radiators in the MVN. In order
to deﬁne conﬁguration of the radiators on the MVN surfaces we perform computations with a specialized
mathematical thermal model of the MVN. This model consists of the central thermal node (5 in Fig. 3)
and four radiators (from 1 to 4 in Fig. 3) directed at right angle to each other. Thermal ﬂuxes irradiating
the radiators were set according to the environment conditions expected in the URM where MVN will be
installed. We use above-presented thermal model of the MVN to deﬁne the optimal ratio of the radiators
surface areas, which will provide minimal temperature ﬂuctuations of the central node.
It should be noted that two surfaces have been excluded from the list of possible radiators. These are
the bottom surface and the surface directed to the ISS. These surfaces are closed by ISS structure and
can not be used as radiators.
At the Earth orbital movement around the Sun external thermal conditions in the ISS orbit slowly
change within a year. For this year it is possible to allocate three characteristic orbits of the ISS. The
ﬁrst case is the orientation of the ISS orbit with the direction to the Sun lying in the plane of the orbit
(angle between the plane of the orbit and direction to the Sun ψs = 0◦ ). The second and third cases are
cases with maximum ﬂuctuations of direction to the Sun from the plane of the orbit (ψs = +75◦ and
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ψs = −75◦ ). External thermal ﬂuxes in all other orbits will have intermediate levels between ﬂuxes in
these three characteristic orbits.
For analysis of the problem the system of the equations describing the nodal model represented in the
Fig. 3 has been used [5]:
dTi (τ )
× Ci = (Asi × (Esi (τ, ψS ) + Espi (τ, ψS )) + εi × Epi (τ, ψS ))
dτ
Ti (τ ) − T5 (τ )
− εi × σ × T4i (τ ) × Fi
×Fi −
Ri−5
4

dT5 (τ )
T5 (τ ) − Ti (τ )
× C 5 = Q5 −
,
dτ
Ri−5

(1)

i=1

where
i—index corresponding to the number of thermal node (i = 1 . . . 4);
Ti (τ )—temperature of the thermal node (i = 1 . . . 5);
Ci —heat capacity of the thermal node (i = 1 . . . 5);
τ —time;
Asi , εi , and Fi —absorptivity of solar radiation, emissivity in the infrared range, and the area of the ith
node external surface, respectively;
Esi (τ, ψS ), Espi (τ, ψS ), Epi (τ, ψS )—direct sun irradiance, reﬂect sun irradiance, and earth infrared
irradiance, respectively, (i = 1 . . . 4);
Ri−5 —thermal resistance between the ith node (i = 1 . . . 4) and the ﬁfth node;
Q5 —heat release of the ﬁfth node;
σ—the Stefan–Boltzmann constant.
This model has been adapted for the problem of the optimum radiators areas ratio evaluation. The
adaptation included three transformations. Firstly, for adaptation, sensitivity of the model to inﬂuence
of external radiation ﬂuxes was increased. For the purpose parameters Ci , Ri−5 , Q5 were decreased to
zero in the model because these parameters smooth the ﬂuctuations of temperature caused by variable
external inﬂuences. Secondly, the area of each radiator from four has been expressed as part of the
total area of all radiators: Fi = ki × FΣ (i = 1 . . . 4), where FΣ = (F1 + F2 + F3 + F4 ). It is necessary
to determine radiators’ area ratio but not the absolute area of each radiator. Thirdly, it was accepted
that external surfaces have equal thermo-optical coeﬃcients (Asi = As, εi = ε). As a result of these
transformations the optimizing model will have an appearance:

T(τ, ψS , k1 , k2 , k3 , k4 ) =
where

4



 4


4
(As × (Esi (τ, ψS ) + Espi (τ, ψS )) + ε × Epi (τ, ψS )) × ki
 i=1
ε×σ

,

(2)

ki = 1.

i=1

By this formula, temperatures are calculated for diﬀerent sets (k1 , k2 , k3 , and k4 ). The calculation was
done at time points: 0, Δτ , 2 × Δτ, . . . , τo (τo —orbital period) for each of the three orbits (ψs = −75◦ ;
0◦ ; +75◦ ).
As a result to the jth set of coeﬃcients (k1 , k2 , k3 , k4 )j there correspond the following sets of
temperatures:
for ψs = −75◦ orbit: Tj1 = T(0, ψs = −75◦ , (k1 , k2 , k3 , k4 )j ); Tj2 = T(Δτ , ψs = −75◦ , (k1 , k2 , k3 ,
k4 )j ), Tj3 = T(2 × Δτ , ψs = −75◦ , (k1 , k2 , k3 , k4 )j ), . . . , Tj(n/3) = T(τo , ψs = −75◦ , (k1 , k2 , k3 , k4 )j );
for ψs = 0◦ orbit: T(Tj(n/3+1) = T(0, ψs = 0◦ , (k1 , k2 , k3 , k4 )j ), Tj(n/3+2) = T(Δτ , ψs = 0◦ , (k1 , k2 ,
k3 , k4 )j ), Tj(n/3+3) = T(2 × Δτ , ψs = 0◦ , (k1 , k2 , k3 , k4 )j ), . . . , Tj(2n/3) = T(τo , ψs = 0◦ , (k1 , k2 , k3 ,
k4 )j );
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for ψs = +75◦ orbit: Tj(2n/3+1) = T(0, ψs = +75◦ , (k1 , k2 , k3 , k4 )j ), Tj(2n/3+2) = T(Δτ , ψs = +75◦ ,
(k1 , k2 , k3 , k4 )j ), Tj(2n/3+3) = T(2 × Δτ , ψs = +75◦ , (k1 , k2 , k3 , k4 )j ), . . . , Tjn = T(τo , ψs = +75◦ ,
(k1 , k2 , k3 , k4 )j ,
where n—the total number of time points at which the temperatures are calculated deﬁned on the three
characteristic orbits (ψs = −75◦ ; 0◦ ; +75◦ ) for the each set of coeﬃcients (k1 , k2 , k3 , k4 )j .
For each set of coeﬃcients (k1 , k2 , k3 , k4 )j results of the calculation have been united in the array:
{T}j = {Tj1 , Tj2 , . . . , Tjn }. For array {T}j the maximum deviations and mean square deviations are
deﬁned:
ΔTMAXj = MAX{T}j − MIN{T}j ;

ΔTRMSj




=


1
×
(Tjl − Tj )2 ,
n−1
n

l=1

where MAX{T}j , MIN{T}j —the maximum and minimum values of temperature in the array {T}j ;
Tj = n1 (Tj1 + Tj2 + . . . + Tjn )—arithmetic mean value of the temperature for the array {T}j .
To choose the optimum coeﬃcients set, the sum of the MAX and RMS deviations in all orbits is used:

Fig. 4. External radiant ﬂuxes on radiators of the MVN installed on the ISS URM.
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Fig. 5. Dependence ΔTΣ for place on the ISS surface where MVN is installed.

ΔT((k1 , k2 , k3 , k4 )j )Σ = ΔTMAXj + ΔTRMSj.
This parameter (in abbreviated form ΔTΣ ) is called total ﬂuctuation of temperature. It deﬁnes
dependence between temperature ﬂuctuation and the ratio of radiator areas (coeﬃcients (k1 , k2 , k3 , k4 )j ).
An optimum set of coeﬃcients (k1 , k2 , k3 , k4 )opt corresponds to the minimum of the ΔTΣ . Such set of
coeﬃcients will be optimum only for particular point on the ISS surface because it is determined by
irregularity of external radiant ﬂuxes that diﬀer for diﬀerent points on the ISS surface.
If to place the MVN specialized thermal model (shown in Fig. 3) on the ISS URM that its radiators
will be irradiance by the ﬂuxes shown in Fig. 4 for three characteristic ISS orbits (ψs = 0◦ ; +75◦ ; −75◦ ).
On the basis of these dependences the total ﬂuctuation of the temperature ΔTΣ with diﬀerent sets of
coeﬃcients ki was calculated.
When calculating, it was accepted that the radiators have thermooptical characteristics: Asi = 0.3;
εi = 0.9. It is typical for radiators of space devices. ΔTΣ values for diﬀerent sets of coeﬃcients ki are
given in Fig. 5.
Apparently from Fig. 5 the minimum ΔTΣ corresponding to the minimum ﬂuctuation of MVN model
temperature is realized at a ratio of the areas of surfaces 1, 2, 3 and 4 equal 0.2 × 0.3 × 0.3 × 0.2.
The ﬁgure shows that there are several sets of coeﬃcients ki at which ΔTΣ close to a minimum. All
these sets can be considered as optimum. Any of them can be chosen for MVN.
THERMAL CONTROL SYSTEM OF MVN ON THE BASIS
OF TWO OPPOSITE RADIATORS
The thermal control system based on external passive level (radiators) and two internal active levels
(heaters and Peltier coolers) was oﬀered for MVN (see Fig. 6).
For reduction of MVN radiators’ temperature ﬂuctuation the results of optimization presented in
Fig. 5 have been used. From all optimum combinations of MVN radiators the combination is chosen
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Fig. 6. MVN thermal control system.

from two opposite radiators of equal area perpendicular to an ISS speed vector (k1 = 0.5, k2 = 0.5,
k3 = 0, k4 = 0).
For calculation of the radiators area module we used model (1). Calculation has been made on the
basis of a condition that average temperature of thermal node 5 on all characteristic orbits (ψs = 0◦ ;
+75◦ ; −75◦ ) was −30◦ C. These orbits diﬀer in levels of an average absorbed heat ﬂux (maximum for a
“warm” orbit (ψs = +75◦ ) and minimum for a “cold” orbit (ψs = −75◦ )). When calculating it is accepted
that the radiators were covered by a standard thermocontrol coating ECOM-1 (As = 0.3, ε = 0.9).
Estimated area of every radiator is 0.1297 m2 .
Conductive thermal communication between the MVN thermal control system, external passive level
(radiators), and internal active levels (heaters and Peltier coolers) is provided by two U-shaped heat
pipes. On the shelf of each pipe two detector modules are mounted. Thermal resistance between passive
and active levels is 0.4 K/W.
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Fig. 7. Temperature ﬂuctuation at the exit of the MVN thermal control system passive level when using one and two
radiators within one orbital period.

Estimation of decrease in ﬂuctuations of temperature by means of two radiators has been done.
Two cases of calculation of temperature have been performed for this purpose when using two opposite
radiators and when using one radiator. For simulation, nodal thermal model (1) was used. Real thermal
resistances between nodes and nodes’ heat capacities were considered in this model. Also we assumed
constant heat release of the central thermal node Q5 = const.
Results of the thermal simulation have shown that the use of two radiators reduces temperature
ﬂuctuation twice (from 15 to 7.5◦ C) in comparison with the thermal control system with only one radiator
(see Fig. 7).
Two active elements, namely, the heater and the Peltier cooler are entered between the radiators and
the detector of the MVN. These elements are turned on alternately. The heater is turned on in “cold”
orbits, the cooler is turned on in “warm” orbits.
The heaters and the Peltier coolers are not capable to completely amortize temperature ﬂuctuations
because of a thermal lag eﬀect. Therefore, the temperature ﬂuctuations’ amplitude and speed of the
passive level are less the temperature of the active level is more stable. In this regard, double lowering
of amplitude and speed of temperature change reached by means of opposite radiators considerably
increases a stock of stability of active levels of the MVN thermal control system. As a result, reliability
of the system will increase.
This stock of stability is important, in particular, for a thermoelectric cooling agent–radiator system
because instability of this system can arise due to the diﬃcult feedback appearing in this system [6].
For conﬁrmation of the developed concept of the thermal control system the experiment was carried
out in conditions simulating thermal factors of space and inﬂuences of external radiant ﬂuxes to the
radiators of MVN on “cold” and “warm” orbit.
The experiment was carried out in a 2.5-m3 thermo-vacuum chamber with nitrogen cryoscreens (see
Fig. 8).
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Fig. 8. MVN before installation in the thermo-vacuum chamber.

Fig. 9. Results of the MVN thermo-vacuum tests.

The conductive simulator of the average absorbed heat ﬂuxes was used for reproduction of the
inﬂuence of external heat ﬂuxes on MVN radiators on “warm” and “cold” orbits of the ISS. Maintenance
of temperature of the MVN mounting faces was carried out by means of the simulator of mounting faces.
Irradiance sensors were used for accounting a temperature error because of deference in heat ﬂux
on radiators from space and from nitrogen cryoscreens. The sensitive surfaces of these sensors were
codirectional with surfaces of the radiators. The irradiance sensor showed the radiation temperature of
the space surrounding the radiator. Results of the carried out experiment are presented in Fig. 9.
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The tests included three modes: two modes of testing the MVN thermal control passive level in a
“cold” and in a “warm” orbit and the mode of compensations of temperature ﬂuctuations on the passive
level by means of the Peltier cooler. The ﬁrst two modes have shown that the average temperature
provided with radiators (passive level) deviates from required temperature (−30◦ C) by −10◦ C in a “cold”
orbit and by +10◦ C on a “warm” orbit. These data are deﬁned taking into account the amendment on
the indication of the irradiance sensors. The amendment is entered because of the fact that the radiation
background in the vacuum chamber was from 158 to 163 K on “cold” orbit and from 166 to 171 K on
“warm” orbit instead of 4 K as in space. Temperature deviation of the passive level was less than the
compensating ability of the MVN thermal control system active levels.
Analysis of this experiment has shown that the passive level of the MVN thermal control system was
in the predicted temperature ranges on the modes imitating a “cold” and “warm” orbit.
The greatest danger of loss of stability of the MVN thermal control system arose when sharing
the Peltier cooler and the radiators. To investigate degree of this danger, the third test mode has been
carried out. Thermoelectric coolers together with radiators worked at this stage. Two orbital periods have
been reproduced. The maximum diﬀerence between radiators’ temperature and temperature stabilized
by the Peltier cooler made 15 . . . 20◦ C. The maximum speed of change of radiators’ temperature (up to
∼ 20◦ C/h) was imitated. In the conditions the thermoelectric cooler stabilized the detectors temperature
on a level minus 30 ± 0.1◦ C. It is much higher than that required.
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