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Abstract—The aim of the Uragan space experiment on board the International Space Station (ISS) is to adjust
the scientific equipment and improve the methods for monitoring various objects and phenomena on the
Earth. Part of this scientific equipment is already operated on board the station, and the other part is planned
to be delivered in the orbit soon. In contrast to the Russian orbital stations Salyut and Mir, the ISS was not
designed for pointing the installed equipment at the survey targets, because the gyrodines used on the Amer-
ican segment for the ISS attitude control had a too small kinematic momentum. For this reason, special
methods and devices had to be developed for pointing the Uragan scientific equipment at the survey targets.
This paper considers the methods for pointing the scientific equipment, which would optimize the research
program of the Uragan experiment on board the ISS.
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INTRODUCTION
At present, space experiments in various research

areas are being run on board the ISS. On the orbital
stations Salyut and Mir, the experiments within the
Russian research program were traditionally con-
ducted in all research areas [1]. In a large number of
these experiments, it was necessary to point the scien-
tific equipment at the survey targets. The ISS mission
takes place in quasi-orbital attitude, and it is almost
impossible to rotate the station for the experimental
purposes. This is explained by the fact that the gyrod-
ines of the American segment have a small value of
available kinematic momentum. The reasons for this
ISS mission mode are as follows. For the NASA and
other participants of the project implemented by the
ISS American segment, the main scientific task was to
investigate microgravity and to conduct medical
experiments at the station. These experiments do not
require any special attitude of the ISS; it should be ori-
entated in the orbital coordinate frame so that the
gravitational perturbing moment is close to zero. The
ISS attitude is controlled by means of gyrodines
installed on the American segment of the ISS, and by
means of thrusters on the Russian segment (RS) of the
station. It should be noted that the use of gyrodines for

controlling the attitude of large spacecraft is associ-
ated with serious problems, mainly due to the large
moments of inertia of these spacecraft, including the
ISS. The available kinematic momentum of four
gyrodines of the ISS American segment is
19 000 N·m·s, which can only maintain the station
attitude in the orbital coordinate frame when the main
axes of the ISS inertia are matched with the axes of the
orbital frame. For the ISS rotation or arbitrary attitude
setting, the orientation, thrusters of the ISS RS can be
generally used as actuators, but this will be too fuel-
consuming. Therefore, it is virtually impossible to
point the devices fixed tightly to the ISS by rotating the
station.

The ISS flight mode in use required special meth-
ods to be designed for pointing the scientific equip-
ment of the RS at the survey targets. In the case of the
Uragan space experiment aimed at studying the targets
on the Earth, different approaches were developed for
pointing the scientific equipment. Some of the Uragan
devices, such as photographic (PSS) and video spec-
tral systems (VSS), as well as photo equipment with
large focal distance have a narrow field of view [2]. Ini-
tially these devices could be pointed at the survey tar-
gets only by the station crew members, so the scope of
investigations was limited. In order to point this equip-
ment at the survey targets automatically, it is necessary
to use steerable pointing platforms (SPP) [3]. The

1The article is based on the plenary paper presented at the
XXX St. Petersburg International Conference on Integrated
Navigation Systems, 2023.
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Fig. 1. Steerable pointing platforms.

(a) SOVA-1 (b) SOVA-2
devices with a relatively large field of view (e.g., the
RIVR high-resolution infrared radiometer designed
within the Uragan program, or photo equipment with
a large field of vision) are pointed due to the ISS
motion along the orbit and the station orbit preces-
sion. In this case, the scientific equipment is fixed rig-
idly to the station hull [2].

In the Uragan program, some of the devices rigidly
fixed to the station hull, such as ICARUS equipment
and RIVR radiometer, can operate in automatic
mode. The team of the ISS RS installs the Hyperspec-
trometer scientific equipment on the porthole no. 9 to
perform the surveys. It is not necessary to rotate the
ISS in order to point the RIVR and Hyperspectrome-
ter equipment at the survey targets; however, these
devices consume the resources of the station: the
crew’s time for preparatory and final operations with
the scientific equipment to perform the experiment;
the memory capacity of the recording units, etc., and
this should be kept in mind when planning the obser-
vations using these devices [2, 4].

Since there are a lot of targets to observe, a possi-
bility for different combinations of the observation
priorities, a possibility for simultaneous use of a few
sets of SPP on different portholes, a large volume of
existing and developing scientific equipment of the
Uragan program (VSS, PSS, photo equipment, the
Hyperspectrometer, the RIVR infrared radiometer
etc.), as well as limitations on the observation capabil-
ities and required resources, it becomes necessary to
optimize the observations planning.

To solve these tasks, precise methods and algo-
rithms have been developed, which provide approxi-
mated solutions in the cases when precise solutions
require unacceptable computational costs. Full or par-
tial similarities with the vehicle routing problems are
used, in particular, with multiple travelling salesmen
problem (mTSP) [5]. The precise method is usually
based on the selection of optimal combinations of
observation programs, using the methods of integer
linear programming, from the sets of all possible pro-
grams that are formed in advance for each device, tak-
ing into account the specified limitations. The approx-
GYR
imated methods are based on the genetic and ant col-
ony optimization (ACO) metaheuristics.

The presented methods are implemented in special
software of the ISS experiments and are used for opti-
mal planning and execution of photo and spectromet-
ric surveys of the Earth surface. The scientific equip-
ment can be simultaneously pointed in the automatic
mode by means of SPP installed on the portholes
inside the inhabited room of the station.

USE OF SPP FOR POINTING THE SCIENTIFIC 
EQUIPMENT AT THE TARGETS STUDIED 

FROM THE ISS RS
At the initial stage of the ISS mission, the scientific

equipment was pointed at the survey targets by the sta-
tion crew [2, 6]. There are certain advantages in the
austronauts’ involvement in the investigation process.
Unfortunately, the austronauts are not able to be on
such a “scientific duty” all the time, because they have
to do other work most of the day and have a rest at
night.

In order to expand the capabilities for target pro-
grams implementation on board the station, RSC
Energia in cooperation with the Sevchenko Institute
of Applied Physical Problems (Belarus) have designed
special SPP (Fig. 1) within the Uragan program for the
Earth research experiment implemented on board the
ISS RS. These SPP SOVA are used for installing dif-
ferent scientific equipment on the portholes of the ISS
RS service module and the ISS multirole laboratory
module (MLM), and for conducting the surveys
according to a specified procedure with or without the
operator’s participation.

The SOVA system comprises an SPP installed on a
porthole; survey equipment and a control laptop
located at a distance of 1.5–3 m from the porthole are
mounted on this platform. The SOVA system makes it
possible to point the fields of view of the scientific
equipment and to monitor the object by its image on
the laptop display.

There are several versions of the SOVA equipment
to be installed in the ISS RS.
OSCOPY AND NAVIGATION  Vol. 14  No. 4  2023
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Fig. 2. Powell dam, USA.
The SOVA-228 SPP is mounted on the porthole
with a diameter of 228 mm in the ISS RS service mod-
ule and can rotate the installed scientific equipment at
±180 deg about the axis of sight and point it with at
least 20 deg angle of deviation from the optical axis of
the porthole in one plane.

The SOVA-426 SPP is mounted on the porthole
with a diameter of 426 mm both in the ISS RS service
module and multi-purpose lab module, and can point
the survey equipment along two orthogonal axes with
the deviation angles of at least ±30 deg.

At the design stage, two structural options for
SOVA SPP were considered. The SOVA-1 SPP option
(Fig. 1a) is designed as follows. The survey equipment
is fixed fast to the SPP, and the Earth surface is
scanned by means of a mirror on a suspension which is
rotated by electric drives.

The SOVA-2 SPP option (Fig. 2b) has a classical
design based on the previous pointing systems. Linear
actuators are used as the electric drives rotating the
installed equipment.

The angular velocity of the optical axes of the
SOVA-1 and SOVA-2 SPP is 0.75–1.5 deg/s and 0.5–
6.0 deg/s, respectively.

Although the pointing capabilities of such “inter-
nal” platforms in the ISS RS are generally limited
compared to the potential capabilities of external SPP,
it should be noted that they also have some important
advantages, first of all, inexpensiveness and easy
maintenance. One of these SPP already works on
board the ISS RS, and two more SOVA platforms were
delivered to the station this year and are being pre-
pared for use. The SOVA SPP ensure that the VSS
instruments and photo equipment are pointed at the
survey targets in the automatic mode. Characteristics
and capabilities of the VSS scientific equipment are
described in [7–9]. Digital cameras Nikon D3X and
GYROSCOPY AND NAVIGATION  Vol. 14  No. 4  20
Nikon 800 used in the Uragan program produce col-
ored photos with a resolution up to 2 m. Examples of
photos taken from onboard the ISS RS are shown in
Figs. 2–5.

The SPP application expands significantly the ISS
capabilities for researching the Earth and the celestial
sphere. In this case, methods of optimal planning of
the research experiments program can be used for
observing the specified targets. The optimization
methods ensure that the maximum volume of useful
scientific information will be obtained if certain lim-
itations on planning are fulfilled.

It should be noted that the optimization tasks are
set in different fields of science and engineering. For
example, the multiple travelling salesmen problem is
solved to ensure optimal automated centralized plan-
ning of search for fish clusters using several unmanned
boats, and in this context, both an accurate method
(based on the idea of dynamic programming of the
Held-Karp algorithm modification) and a more rapid
approximate method (the auction method modifica-
tion) have been developed [10]. The approach based
on dynamic programming is used for solving signifi-
cantly complicated variants of the traveling salesman
problem, which are set, in particular, when designing
the pattern cutting technologies [11, 12].

An even more common approach to ensuring the
precise routing of vehicles is to formulate these tasks as
the problems of linear integer and partial integer linear
programming [13, 14]. For example, the analysis of
selected works on UAV flights optimization, published
in the second decade of this century, shows that the
share of linear programming methods in searching for
accurate solutions is estimated at more than 40 per
cent [15]. The approximated methods include an
equally significant share of algorithms that are based
on genetic metaheuristics, and the next most fre-
quently used type of algorithms is ACO [15]. The evo-
23
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Fig. 3. The Krimean Bridge in Kerch, Russia.

Fig. 4. Adler city, Russia.

Fig. 5. New York city, USA.
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lutionary algorithms, in particular the genetic ones,
are used for routing other types of autonomous vehi-
cles, taking into account the existing limitations [16],
and for pattern cutting [17]. Then linear programming
methods and genetic algorithms also play an import-
ant role in solving the tasks of optimization of the
Earth surface surveys performed by automated remote
sensing satellites [18, 19]. In addition, different heuris-
tic methods and their combinations [15] are proposed
for controlling the groups of unmanned aerial vehi-
cles, such as a multi-phase iterative algorithm which
combines the Monte Carlo method, the greedy algo-
rithm, and other heuristics [20].

The operations related to sequential tracking of
several targets, using a research device fixed rigidly on
an SPP, can be divided into two main types: tracking a
single object and re-pointing, i.e. changing the targets
tracked.

The single object tracking algorithms in the Uragan
experiment depend on the research objectives and are
restricted primarily by the conditions of the object vis-
ibility from the ISS, the maximum angles and the
maximum speed of the device’s sensitive axis rotation.
The examples of such algorithms are taking a single
photo image of an object, spectrographic survey of a
specified object within the entire time interval of its
visibility, sequential photography of parts of a rela-
tively large object, etc.

It is assumed that the operations performed by any
of possible algorithms to track individual targets have
expected start and end time points of tracking, direc-
tions of the device’s sensitive axis at the beginning and
end of tracking, the sum of angles of the sensitive axis
rotation within the tracking time, and information
value, i.e., quantitative assessment of relevance of the
scientific data obtained from the target survey [5].
Based on these data, the algorithm for planning the
observation of several targets should select the targets
and the sequence of transitions between them, taking
into account the specified limitations, and when solv-
ing some optimization problem, for example, it should
maximize the total information value of targets obser-
vation or minimize the sum of angles of the device’s
sensitive axis on condition that the total information
value of observations will not fall below a given value.

Targets can be observed simultaneously by several
research devices installed on different SPP. Then,
each platform should have its own program of obser-
vation of some subset of targets from a common list. In
this case, tasks are set to optimize some total value,
such as the total information value of observations
using all the platforms, or the sum of platforms’ rota-
tions.

An approach using the linear programming meth-
ods, first proposed in [21, 22], is suitable for optimal
control of a single platform with scientific equipment
installed on it. Observations performed from several
controlled platforms within the Uragan space experi-
GYROSCOPY AND NAVIGATION  Vol. 14  No. 4  20
ment on board the ISS RS were optimized using addi-
tional variants of formulations in terms of integer lin-
ear programming, based on the analogy with so-called
“extended” formulation of the routing problem for
several vehicles [5, 23, 24]. In this approach, possible
programs of targets observation are made up for each
platform, and then the observation programs (one per
each platform) are selected from these sets to compile
a common optimal solution.

In addition to manned space missions, consider-
able experience of planning and implementation of
surveys of specific terrestrial targets has been accumu-
lated in the control of constellations of automated
Earth remote-sensing satellites [18]. The ground ser-
vices tend to stop participating in the preparation of
detailed mission scenarios. Instead, basic planning of
surveys and their results delivery to the Earth are car-
ried out jointly by onboard software of satellites within
the constellation [19, 25].

A similar approach based on the use of both ground
and onboard software for detailed planning of experi-
ments (especially those related to the Earth remote
sensing) is applied to the scientific studies organiza-
tion on board the ISS RS within the Uragan experi-
ment.

Let us consider a relatively simple task of survey of
particular ground targets using cameras with long-
focus lenses as an example of application of the soft-
ware designed for the Uragan space experiment. In
Fig. 6, the horizontal axis with level 0 conventionally
represents the ISS flight trajectory. The f light time is
counted (in seconds) along this axis from left to right,
starting from the conventional reference point 0. The
vertical axis perpendicular to the trajectory reflects the
angles (counted in degrees) at which the cameras’ axes
of sight deviate from the nadir; positive values of
angles correspond to the deviation to the left from the
path, while the negative values mean deviation to the
right.

The recommended 25 targets for photographing
are represented as circles in Fig. 6. The horizontal
coordinate of each circle is the time point at which the
distance between this object and the ISS is minimal;
and the vertical coordinate is the angle at which the
sight axis of the camera should decline from the nadir
at this time point in order to successfully take the
photo of the object.

Pointing at the targets and their shooting are car-
ried out within approximately 100 seconds, using three
SPP at the same time. One platform is of SOVA-1 type
with the maximum rotation rate of 1.5 deg/s and the
maximum possible deviation of the camera sight axis
from the nadir being 30 deg. The other two platforms
are of SOVA-2 type; they provide the maximum rota-
tion rate of 6 deg/s and the maximum deviation of
20 deg from the nadir.

It is required that the camera sight axis on each
platform declines at a given angle no later than one
23



358 BELYAEV et al.

Fig. 6. Graph of shooting of 20 targets out of 25 specified
ones (one platform of SOVA-1 type and two platforms of
SOVA-2 type are used).
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second before the moment of the closest approach of
the ISS to the object, and in one second after this
moment one may start turning the platform to take a
photo of the next object. Thus, photographing takes
two seconds.

Considering the above restrictions on the rotation
rate of the platforms and on the time of photograph-
ing, 8659 possible observation programs were pre-
pared for the SOVA-1 platforms and 241919 ones for
the SOVA-2 platforms.

The problem of linear programming was formu-
lated as follows. It was necessary to find binary
vector X that affords a maximum to function

(1)

where nr is the number of targets observed according to
a program number r.

Vector X with a length M = 250578 elements rep-
resents all possible observation programs and is com-
posed by combining vectors X1 (with a length of 8659)
and X2 (with a length of 241919), corresponding to the
platform types SOVA-1 and SOVA-2. If the observa-
tion program with a particular number r (from 1 to M)
has been chosen for observation from a corresponding
platform, then the element with this number will take
the value of 1 in the vector X. On the other hand, if this
observation program has not been chosen, the element
of X with this number is equal to zero.

Thus, the simplest function of observation infor-
mation value, equal to the number of observed targets,
was used in (1) as a target function.

The number of platforms of each type used was
specified by the following conditions:
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It was prohibited to shoot the same object using
more than one platform of any type, so the following
restriction was applied:

(3)

At the same time, the binary coefficient air was
formed so that for the first 8659 values of index r the
value of air is equal to 1 if an object with the number i
was chosen for observation from the SOVA-1 platform
in the program r; for the next 241919 values of r the
value of air is equal to 1 if an object with the number i
was chosen for observation from the SOVA-2 platform
in the program r. In all other cases, the value of air is
equal to zero.

As a result of solving this problem by the methods
of linear programming, it was found that the maxi-
mum possible number of targets that could be photo-
graphed under the given conditions was 20, and one of
the sets of observation programs which support the
survey of this number of targets was also found. This
solution is shown in Fig. 6.

Then the task was set to find such a set of observa-
tion programs where 20 targets are shot with the min-
imum sum of rotation angles of all the platforms. In
this case, the following function was minimized:

(4)

Here, θr is the sum of rotation angles of an SPP for
which the program with number r has been prepared.

Along with the limitations (2), (3), the following
was taken into consideration:

(5)

The solution is shown in Fig. 7. The minimum sum
of rotation angles is approximately twice less than the
sum of rotation angles shown in Fig. 6.

Thus, a two-criterion problem of optimization
(which is in many cases also typical of the problems of
unmanned aerial vehicles control [15]) has been set
and solved. Generally, each of these criteria can be, in
turn, composed of a few criteria; for example, the
number of observed targets can be replaced with a
composite target function of informativity similar to
those formulated hereinafter for the RIVR and Hyper-
spectrometer scientific equipment.

In the above examples, it turned out to be impossi-
ble to take photographs of all specified targets, and the
set of photographed targets may change depending on
the chosen observation programs. In this case, in order
to shoot all the targets within a given time interval,
additional platforms are required.
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Fig. 7. Graph of shooting of 20 targets out of 25 specified ones with the minimum sum of platforms’ rotation angles.
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If the number of specified targets and the number
of platforms involved in their observation are
increased, it may become impossible to obtain an
accurate solution of the optimization task within
acceptable time. In such cases genetic algorithms are
applied [26], which work in accordance with the fol-
lowing general procedure [23].

A definition of genotype Y is introduced as a com-
bination (concatenation) of three numerical strings,
each representing an observation program for one of
the three SPP. Since the above example introduces a
strict chronological sequence of targets shooting, each
observation program can be represented by a binary
vector with its components corresponding to the tar-
gets from the common list ordered by the time of their
observations. The targets selected for shooting are
marked with 1, and those not selected—with 0.

The initial generation of population (set of geno-
types) is formed randomly, and then the process of
evolution is run, where the next generation is formed
on the basis of the previous one, using standard oper-
ators of crossing, mutation and selection. As a rule, the
algorithm is stopped after a specified number of gener-
ations has been achieved. During selection, the geno-
types with the largest values of the following fitness
function are distinguished:

(6)

where Ii is the estimate of efficiency of the observation
program number i included in the genotype (in this
example it is the number of targets observed using an
SPP according to the program). Two penalty functions
were used, which ensured the quantitative count of
violations of specified restrictions.
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Firstly, the pairs of targets that could not be
observed simultaneously due to the preset restrictions
were identified in each sequence of observations
within a genotype. The total number N1 of such viola-
tions found in a genotype was counted and multiplied
by the amount of penalty P1.

Secondly, in the sequences of observations per-
formed by different platforms, the same targets
selected for observations were identified. These coin-
cidences were deemed prohibited and their number N2
was also multiplied by some penalty P2.

At the end of the algorithm, the genotype with the
maximum value of expression (6) was chosen on con-
dition that the number of violations of both types was
equal to zero.

The sums of platform rotation angles were mini-
mized in a similar manner. In this case, in addition to
the above penalties, the penalty for deviation of the
number of targets from a given value was introduced.

In contrast to the linear programming algorithms,
the genetic algorithms cannot guarantee that their
result will be optimal in the strict sense. For instance,
when special onboard software based on a genetic
algorithm with the fitness function (6) was used for
solving the problems presented in Fig. 6, the resulting
value was the same as that obtained by the linear pro-
gramming methods. However, when solving the prob-
lem shown in Fig. 7, the resulting sum of the plat-
forms’ rotation angles was by 4.3% higher than the
theoretical minimal value.

Nevertheless, despite the loss of accuracy com-
pared to the linear programming methods, the genetic
algorithms can provide quite efficient and practicable
solutions within a short time, which is especially
23
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Fig. 8. Graph of shooting 103 of 200 specified targets (one
SOVA-1 and two SOVA-2 platforms are used).
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important for planning the observation of targets from
large catalogues. For example, for a list of 200 targets
and an interval of observations lasting 300 s, the task
was set to find the largest number of targets that can be
observed using one SOVA-1 and two SOVA-2 plat-
forms. A genetic algorithm obtained an estimate of this
number, equal to 103, and one of possible sets of pro-
grams which make it possible to observe this number
of targets. Then another genetic algorithm formed
programs with a 2.5 times smaller sum of rotation
angles of platforms pointed at 103 targets from 200
specified ones. This solution, suitable for practical
application, is shown in Fig. 8.

The software for planning the observation of exter-
nal targets from onboard the ISS can also solve the
problems similar to the multiple traveling salesmen
problem, which could occur, for example, in the case
of optimization of several astronomical targets obser-
vation using a few moving platforms [5]. Similar prob-
lems can be set when observing the Earth’s surface.
Their approximate solutions are found by means
of special genetic algorithms without penalty func-
tions, as well as the algorithms based on ACO meta-
heuristics.

OPTIMIZATION OF OBSERVATION 
PROGRAM FOR RIVR SCIENTIFIC 

EQUIPMENT

High-resolution infrared radiometer RIVR is being
developed for the Earth monitoring in the middle and
far infrared ranges. This equipment is manufactured at
the Russian Space Systems enterprise and, taking into
account the ISS orbit height, it will provide the world-
level information. The equipment has the following
basic characteristics [2, 4]:

• number of information channels: 2;
GYR
• limits of the spectral ranges of channels by the
level 0.5:

3.5–4.1 μm,
8.0–10.0 μm;

• spatial resolution from the ISS nominal orbit
height (400 km): 30 m;

• field of view for an orbit 400 km high: 70 km;
• difference of temperatures measured at the level

of 300, equivalent to noise:
in the range of 3.5–4.1 μm: ≤ 0.5 К,
in the range of 8.0–10.0 μm: ≤ 0.2 К;

• output information bit depth: at least 10 bit;
• operation mode: sessional.
Functionally, the RIVR equipment consists of two

units:
• optoelectronic unit (OEU) generating the video

information in two spectral ranges: 3.5–4.1 and 8.0–
10.0 μm;

• radiometer control unit for operating the OEU
and interfacing it with the ISS onboard systems.

The OEU is installed on the outer surface of the
MLM of the ISS RS, and the radiometer control
unit—inside the MLM. The RIVR radiometer uses the
principle of multi-row mechanical scanning. Even
with a relatively small number of sensitive elements in
the radiation detector, this method implements the
spatial resolution of 30 m and the field of view of
70 km (angle of sight 10 deg) with the noise-equivalent
difference of measured temperatures being at least
0.2 K at the background temperature level of 300 K.

The OEU of the radiometer comprises a f lat scan-
ning mirror oscillating with a period of 1.144 s using a
low-speed precision drive; a catadioptric lens; spec-
trum-splitting system and multi-element detectors of
radiation. The radiation detectors are Russian multi-
element (matrix) IR photodetectors with 4 × 288 ele-
ments, cooled by a microcryogenic system down to
cryogenic temperatures (80 К). Their operation time
between failures is at least 6000 h. The scanning mirror
oscillation axis and the rows of radiation detectors are
oriented along the spacecraft f light direction, due to
which a microframe with a format of 288 ×
2350 elements can be formed in a single cycle of line
scanning by the radiometer. The microframes overlap
is 10 to 40 elements. During the on-ground process-
ing, the microframes are geometrically corrected and
put together to form a single track image.

The RIVR will be integrated with the information
and control system (ICS) of the ISS RS. The ICS will
support the transmission of control digital arrays and
the distribution of ballistic data. In addition, the ICS
will provide for intermediate storage of the informa-
tion received from the RIVR and its further transmis-
sion to the Earth via a broadband communication line.

Using the RIVR radiometer in the Uragan space
experiment, it will be possible to obtain trace images in
OSCOPY AND NAVIGATION  Vol. 14  No. 4  2023
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the IR spectrum, which can be used in a wide range of
applications:

• monitoring and prediction of human-made and
natural emergencies;

• detection of forest and underground fire foci,
large thermal emissions of pollutants into the environ-
ment;

• monitoring of natural hydrometeorological phe-
nomena;

• assessment of the soil moisture content and the
groundwater levels;

• search for groundwater and geothermal sources;
• research of dynamic processes in water areas;
• various types of thematic mapping of the Earth’s

surface, including geological mapping (search for
mineral resources, their identification, detection of
possible oil and gas fields);

• research of volcanic and seismic activity;
• assessment of industrial and domestic waste

landfills and their effect on the environment;
• detection of heat emission and pollution sources,

etc.
This information will be useful for the Federal

Agency of Forest Protection, the Ministry of Emer-
gency Situations, environmental agencies, geological
exploration services, as well as regional industries and
businesses.

Also, during the space experiment at the ISS RS, it
will be possible to test the high-resolution IR radiom-
eter prototype in standard operation conditions for its
further use in different automated information systems
of remote sensing.

While implementing the research program with the
RIVR equipment, several coherent sequences of
observation of targets selected from a specified general
catalogue can be made up for a specified planning
interval up to a few days or weeks. These sequences are
traditionally called the observation zones [5].

When planning and conducting the observations
using the RIVR scientific equipment, the information
value of such zones is calculated as follows:

where: M and j are the amount of zones and their
numbers; N and i are the amount of all targets in
the catalogue and their numbers; pi is the priority of
the i-th object, (1 ≤ pi ≤ 10); oi is the cloud cover coef-
ficient when observing the i-th object (0 ≤ oi ≤ 1); li is
the illumination coefficient when observing the i-th
object; si is the coefficient of the object’s scanned sur-

face area, , where Si and  are the area of
the object and the area of the surveyed part of the
object; zij is a binary indicator of the presence of targets
in the experiment zones.

=
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If the i-th object of the catalogue is selected to be
observed in the j-th zone, the value of zij is equal to 1,
if not selected—0.

If the i-th object is located on a part of the Earth
not illuminated by the Sun, li = 1. For the targets illu-
minated by the Sun, li = 0 if hi > hmax, and li = (hmax –
hi)/hmax in all other cases. The value hi is the angle of
the Sun (angular elevation of the Sun above the local
horizon) for the i-th object; hmax is the maximum per-
missible angle of the Sun during the survey.

In the RIVR scientific equipment, the measure-
ments are initially recorded on its own recorder which
has a limited volume. The number of the device runs is
also limited due to the device’s cooling system capac-
ity. We denote the following:

Kj is the number of scientific equipment runs in the
j-th zone;

Vj is the amount of information received in the j-th
zone;

KO is the upper limit of the scientific equipment
runs;

VO is the upper limit of the information amount,
which depends on the device’s recorder capacity;

IO is the lower limit of the total information value of
selected zones;

xj is the j-th component of the binary vector X,
which is equal to 1 if the j-th zone is selected for the
experiment; otherwise it is equal to 0.

During the ISS RS mission, the following tasks can
be stated for the survey optimization:

(1) Maximization of information value under given
limitations on the number of scientific equipment runs
and the amount of information for recording in the
scientific equipment recorder. In this case, vector X
that maximizes the target function is to be found:

under the limitations  and

.

(2) Minimization of the amount of information to
be recorded under the limitations on the information
value and on the number of runs. Vector X minimizing
the target function is to be found:

under the limitations  and

.

(3) Minimization of the number of runs under the
limitations on the information value and on the
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Table 1. Information value and resources spent in the zones

Zone Zone information value Number of runs RE recorder filling 
percentage

Amount of information
in the zone, Gb

1 20.10 9 15% 37.50
2 23.70 8 13% 33.33
3 23.45 12 20% 50.00
4 24.95 9 15% 37.50
5 31.85 10 17% 41.67
6 30.85 11 18% 45.83
7 24.50 13 22% 54.17
8 24.50 9 15% 37.50
9 21.85 8 13% 33.33

10 25.50 12 20% 50.00
11 24.33 13 22% 54.17
12 29.05 11 18% 45.83
13 23.70 7 12% 29.17
14 26.20 12 20% 50.00
15 20.45 13 22% 54.17
16 22.75 10 17% 41.67
17 29.10 9 15% 37.50
18 25.55 15 25% 62.50
19 23.35 11 18% 45.83
20 25.60 9 15% 37.50
21 21.95 7 12% 29.17
22 21.10 14 23% 58.33
23 31.30 9 15% 37.50
24 32.40 10 17% 41.67
25 29.35 9 15% 37.50
26 26.80 13 22% 54.17
27 22.55 9 15% 37.50
28 23.95 9 15% 37.50
29 24.90 11 18% 45.83
30 26.25 13 22% 54.17
31 29.00 9 15% 37.50
amount of information to be recorded. Vector X min-
imizing the target function is to be found:

under the limitations  and

.

As an example, the program of observations for the
RIVR equipment, optimized according to the above
approach, is described below. The conditions of obser-
vations in conducted in July, 2022, were simulated for
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j jj
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GYR
real targets of the Uragan and Stsenariy space experi-
ments, including fires.

Information value and spent resources of the zones
were calculated for selected targets (see Table 1). One
zone was assumed to be 24 h, i.e., every 24 h in July,
2022, were considered. The recorder filling percentage
indicated for each zone is the share of the recorder
memory occupied by the information that has been
received in a given zone.

The problem of information value maximization
was solved under the limitations on the number of sci-
entific equipment runs and the amount of information
to be recorded on the scientific equipment’s recorder.
To accelerate the verification, simple limitations on
OSCOPY AND NAVIGATION  Vol. 14  No. 4  2023
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the number of scientific equipment runs (KO = 300)
and the amount of information to be recorded in the
own memory of the scientific equipment (VO = 1300):

For verification, the solution was also obtained by
means of computer search for all options. When the
optimal solution is found this way, it takes by three
orders of magnitude more running time. When the
number of zones or the number of targets in the zones
is further increased, and if more limitations are added,
the speed difference between both methods of solution
will increase as well, and as a result, it will be impossi-
ble to solve this problem by direct search on a common
personal computer.

OPTIMIZATION OF THE PROGRAM 
OF OBSERVATIONS USING 

THE HYPERSPECTROMETER RE
Currently, within the framework of the Uragan

space experiment, the Hyperspectrometer scientific
equipment has been created and is being prepared for
transportation to the ISS RS to further develop the
Earth monitoring system [2]. The Hyperspectrometer
scientific equipment is designed for astronauts to sur-
vey the Earth surface. This equipment was made by the
Moscow Institute of Physics and Technology (MIPT)
and Lepton Scientific and Production Association.
Astronauts can process the survey data on board, using
the Hyperspectrometer. This will accelerate the analy-
sis of the received data, improve the quality of obser-
vation planning, and reduce the data f lows that are
promptly transmitted to the Earth.

The equipment is designed for recording and pro-
cessing the hyperspectral images of the Earth surface
in several spectral channels (at the astronaut’s choice
from 1 to 100 out of 180 channels) in the visible range
and near infrared range of the spectrum, as well as for
obtaining panchromatic images to visualize a given
area of the Earth surface.

Using the Hyperspectrometer RE, it is planned to
solve the following tasks:

• state assessment of forests;
• state assessment of agricultural plantations;
• search and evaluation of the concentration of

various minerals in exposed soil areas;
• detection of vegetation and water pollution with

oil, fuel oil, etc., as well as assessment of respective
damage;

• mapping of chlorophyll concentration in near-
surface waters;

• detection of sites of narcotic plants among other
vegetation, etc.

( )

=

=

{1,  1,  1,  1,  1,  1,  1,  1,  1,  1,  1,  1,  1,  1,  0,  1,
1,  1,  1,  1,  1,  0,  1,  1,  1,  1,  1,  1,  1,  1,  1},

749.325.L

X

X

GYROSCOPY AND NAVIGATION  Vol. 14  No. 4  20
An approach similar to the one developed for the
surveys with the RIVR scientific equipment was used
to plan the observations with the Hyperspectrometer.
At the same time, it should be noted that the Hyper-
spectrometer is installed on the porthole no. 9 of the
service module, and the personnel are required for its
installation, disassembly, or operation in the manual
mode when control commands need to be issued (set-
ting the angles of pointing, start time and end time of
survey). Therefore, the working time of the crew
during the experiments with the Hyperspectrometer,
and the time interval for using the porthole no. 9
which is required for other studies as well, are consid-
ered as essential resources. Since the device operates
in the visible and near infrared ranges, it can only be
used when the survey targets are illuminated.

The information value of the j-th zone when using
the Hyperspectrometer has the form:

In this case, , where hi and

 are the angle of the Sun and the optimal angle of
the Sun for the i-th object. All other parameters are
similar to those used in calculating the information
value of the observation zones for the RIVR.

To optimize the observation program using the
Hyperspectrometer, it is necessary to find binary vec-
tor X that maximizes the target function

under the limitations , 

and , where: Tj is the time of the crew’s
work with the scientific equipment in the j-th zone;TO

is the limitation on the time of the crew involvement in
the scientific equipment operation within the interval
of planning; τj is the time interval during which the
porthole no. 9 is used in the j-th zone; τO is the limita-
tion on the time of using the porthole no. 9 for survey
with the Hyperspectrometer within the interval of
planning.

When preparing the observation program for the
Hyperspectrometer, the conditions for the observa-
tions were simulated for June 2022. Similarly to the
previous example, the targets were taken from the list
of targets of the Uragan, Stsenariy and Dubrava space
experiments.

The information value and expendable resources of
the zones were calculated. One working day was
assumed to be a zone for manual control of the equip-
ment with the involvement of the crew.

For the automatic operation mode of the Hyper-
spectrometer, an example of solution is given where
the program information value is maximized in the
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interval under consideration, taking into account the
limitations on the time of use of the porthole no. 9 and
the memory volume of the recorder in the Hyperspec-
trometer:

For the manual mode of survey with the Hyper-
spectrometer, limitations on the crew’s working time
were additionally taken into account.

The solution maximizing the program for this case
has the form:

CONCLUSIONS

One of the areas of practical astronautics is the
development of manned orbital stations. Thanks to
this development in the outer space exploration, Rus-
sia has achieved the progress recognized all over the
world [27]. Orbital stations have traditionally been
considered in this country as multi-purpose laborato-
ries that perform the experiments in all areas of space
research [1]. The ISS control features associated with
the large size of the station and the small value of the
available kinetic moment of the gyrodines of the
American segment, used for orienting the ISS, have
made it almost impossible to perform the station rota-
tions when pointing the scientific equipment at the
survey targets. For Russia with its vast territory, obser-
vation and study of ground targets are a quite import-
ant direction in the space technology application. Rel-
evant scientific equipment and technologies are being
tested and advanced in the Uragan space experiment
on the ISS RS. For the new scientific equipment oper-
ating on board the ISS RS and being delivered into
orbit, methods of the equipment pointing at the
observed targets have been developed to optimize the
research programs involving this equipment. The pro-
posed approach to optimization and the methods of
planning the observations with the new scientific
equipment, taking into account the new criteria of
information value and limitations, can significantly
increase the efficiency of the observation program
performed with the new scientific equipment.

The proposed methods for optimizing the observa-
tions using the scientific equipment of the Uragan
space experiment have been implemented in the form
of special software. Part of this software has been
implemented on board the ISS RS, and some pro-
grams are used in the ground complex to promptly
prepare the proposals for planning the observations.
The research program optimization methods make it
possible to perform the research on the ISS more effi-
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ciently. The proposed approach is also very important
for the future orbital stations and automatic vehicles.
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