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A new trend of science and technology is now rapidly developing both in Russia and abroad — the development of
miniature unmanned aerial vehicles.

The key system of on-board control equipment (avionics) of an unmanned aerial vehicle (UAV) is the orientation
system for determining UAV attitude relative to reference system. In small-size UAV, we can meet the application of
strapdown attitude reference systems, magnetometric, pyrometric, video systems, etc.

Rapid development of mini- and micro-UAVs requires the development of information-measuring systems (operating
on different physical principles) in order to determine UAV attitude parameters in flight. With UAV mass and wingspan
reduction, there are growing requirements for these systems, concerning the accuracy of positioning parameters and
more compact dimensions.

Manufacturing of most information-measuring and control systems of manned aircraft and heavy UAVs rely on tra-
ditionally used gyroscopes and accelerometers. They are complex fine-mechanics instruments of considerable power
consumption, rather large size, weight and high cost.

A significant improvement of the accuracy in UAV angular coordinates determination is achieved by integrating
orientation systems of various types. The use of GPS / GLONASS signals also improves the accuracy and reliability of
determining UAV angular coordinates and supplies the additional function of measuring its geographical coordinates.

Keywords: information-measuring system, unmanned aerial vehicle, pyrometric sensor.

NHOPOPMAIIMOHHO-U3MEPUTEJIbHAS CUCTEMA ITIMPOMETPUYECKOI'O THUITIA
JJISI MAJIOPASMEPHOI'O BECITMJIOTHOTI'O JIETATEJIBHOI'O AIIIIAPATA

A. P. Axzururos*, H. C. Ilucapes, H. U. Cranenxo, FO. A. Heepos, P. A. Ak3urutos

Cubupckuii rocy1apCTBEHHBI YHUBEPCUTET HAYKH U TEXHOJIOTHH MMeHH akanemuka M. @. Pemernena
Poccutickas ®enepamus, 660037, r. KpacHosipek, mpoctt. uM. ra3. «KpacHosipckwuii paboumnii», 3 1
*E-mail: balals@mail.ru

B nacmosawee epems 6 Poccuu, kax u 3a pybescom, cmpemMumenbHo pa3eusaemcst H0goe HanpaegieHue HayKu u mex-
HUKU — pa3pabomKa MUHUAMIOPHLIX OeCnUIOMHbIX JlemamenvHulx annapamos (MBIIIA).

Kmiouesoii cucmemoti 6opmosoii annapamypsei ynpaenenusi (asuonuxu) BII/IA sensiemes cucmema opuenmayuu 0Jist
onpedenenus yen06ozo noaoxcenusi BII/IA omnocumenvro onoprou cucmemvl koopounam. B MBIIJIA moeym npume-
HAMbCS becnaamgopmentbie CUCeMbl OPUSHMAYUY, MACHUMOMEMPUYEcKUe, BUOCOCUCTNEMbI, RUPOMempUdecKue U op.

CmpemumenvHo pazeusaioweecsi Hanpagienue Munu- u Muxkpo-bBIIJIA mpebyem paspabomxu unpopmayuorno-
UBMEPUMENbHBIX CUCHEM, HeoOXo00umblx Ot onpedeneHus napamempos opuenmayuu bIIJIA 6 npocmpancmee,
NOCMPOEHHBIX HA PA3IUYHBIX QU3UYECKUX Npunyunax. Bumecme ¢ ymenbuienuem maccel u pasmaxa kpwvlivee BIIIA,
603pacmalom mpebosanusl K makum CUCemam no moyHOCmu OnpeodeneHus Rapamempos U MUHUMU3AYUY 2a0apumos.

B nacmoswee epemsi 60MbUUNCINEO UHDOPMAYUOHHO-UZMEPUMENLHBIX U YAPAGIAIOWUX CUCEM RULOMUPYEMbIX
camonémog u msicénvix BIIJIA cmposmces na b6aze 2upockonog u axkcenepomempos mpaouyuonHo2o ucnoanenus. Onu
npeocmagsniom cobol ClodCHble NpUbOPbl MOYHOU MEeXAHUKY, 0061adalwue 3HAYUMENbHBIMIU dJHEP2ONOmpeoeHueM,
2abapumamu, Maccou u blCOKOU CMOUMOCMBIO.
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Cywecmeennoe ynyuuienue moyHocmu onpeoenenus yenogulx koopounam BIIJIA docmueaemcs komniekcupoganu-
eM cucmem opuenmayuu paziuuHsix munos. Mcnoavsoeanue cuenanos cucmem GPS/TTIOHACC maxoice nogviuiaem
MOYHOCIb U HAOENHCHOCMb Onpedenienus yenosvix koopounam BIIJIA u dobasnsiem @yukyuro onpedenenus eeocpaghu-

YecKux Koopduﬂam €20 NOJIOMHCEHUA.

Knioueswvie cnosa: qubopJvtauuoyyo—usmepumeﬂbﬂaﬂ cucmema, bOecnuniommuolii 1emameiibHblil annapam, nupomem-

puyecKuil 0amuux.

Introduction. The proposed model relates to devices
measuring aircraft (AC) attitude, and can be used as a
device for orientation and stabilizing of small-size un-
manned aerial vehicles.

There is a free-running orientation system that sup-
plies the angle values of a moving object successive revo-
lutions, known as Krylov angles, to be taken as orienta-
tion parameters. It consists of three angular velocity sen-
sors, the sensitivity axes of which are normal to each
other, and the angle calculators, the main elements of
which are angular velocity calculators for Krylov angles,
plus integrating and summing devices [1-3].

The disadvantage of the free-running orientation sys-
tem is time-dependent errors in determining the object’s

attitude, due to the presence of integrating links in the
attitude rate sensor.

Pyrometric vertical. The closest analogue is the py-
rometric vertical as part of the Co-Pilot CPD4 (fig. 1)
model aircraft autopilot designed by FMA Inc (USA,
Maryland).

This vertical consists of four pyrometric sensors (py-
rometers) located horizontally on the printed board in the
aircraft plane [2-5]. The principle of attitude determina-
tion is based on measuring the difference in infrared
(thermal) radiation from the earth surface and from the
sky (fig. 2). Since the earth is always warmer, there is a
certain gradient distributed vertically from the zenith to
the nadir.

Fig. 1. Co-Pilot CPD4

Puc. 1. Co-Pilot CPD4

Sky = -25°C

Earth =+10°C

Fig. 2. Gradient between sky and earth

Puc. 2. I'paguienT Mexxay HEOOM U 3eMileit
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Fig. 3. Pyrometric sensors location

Puc. 3. PacrionoxeHue NUpOMETPUUCCKUX JaTUYHKOB

Measuring the temperature with four perpendicular
pyrometers located along the axes of symmetry of the
aircraft, it is possible to determine bank and pitch angles
without accumulating errors due to the absence of inte-
grating links [6-9].

The known pyrometric vertical has the drawback of
inability to operate in the absence of visible horizon
(when flying in deep gorges, tunnels, along city streets)
and with uneven thermal pattern on the opposite sides of
the aircraft (for example, when there is a forest fire to the
right and a cold sea to the left) [10; 11]. In the first case,
the pyrometric vertical will not be able to function at all;
the second case implies a significant error in determining
bank and pitch angles (fig. 3).

Technical objective. The technical objective of the
proposed device is to expand the capabilities of the py-
rometric vertical by adding the function of controlling the
accuracy of angles calculated by that pyrometric vertical
and of bank and pitch angle calculation in the absence of
visible horizon or in conditions of uneven thermal pattern
[12-14].

The technical problem is solved by additional installa-
tion into the pyrometric vertical (containing four pyrome-
ters on a printed board set perpendicularly in the same
plane), a biaxial or three-axis unwedging angular velocity
sensor independent of the pyrometers, and with the sensi-
tivity axis parallel to the symmetry axes of the aircraft.
The angular velocity sensor itself is located in the aircraft
center of mass, and has the function of controlling the
accuracy of bank and pitch angles. The pyrometers’ read-
ings are taken to calculate only dryness; the calculation
of bank and pitch angles is also performed, but only
by indications of the angular velocity sensor within
a limited period (when the bank and pitch angles supplied
by pyrometers are considered incorrect). In conditions
unfavorable for the pyrometric vertical, it becomes
possible to instantly switch the task of attitude calculation
from the pyrometric vertical to the angular velocity sensor

(AVS), using the last correct reading of the pyrometric
vertical as the initial bank and pitch angle value, and also
to detect unfavorable conditions according to the AVS
readings.

The utility model is illustrated by drawings, where fig.
4 shows a configuration of the pyrometric vertical to-
gether with non-serviceable AVS. The proposed device
contains a printed board 1, on which four pyrometers
2 are perpendicular to each other and in the same plane,
located in the same plane (the printed board 1 is installed
in the aircraft so that the direction of pyrometers’ sensitiv-
ity axes is parallel to the aircraft axes of symmetry), and
two- or three-axis AVS 3 located in the aircraft center of
mass with sensitivity axes parallel to the axes of symme-
try of the aircraft. Pyrometers and AVS are linked with
computer 4.

The introduced device performs as follows: in the
standard mode, the calculation of bank and pitch angles is
performed only by the readings of the pyrometers 2. In
flight, the bank and pitch angles are continuously meas-
ured according to the readings of the pyrometers 2 inte-
grated in the pyrometric vertical, and AVS 3; the recent
readings are accumulated in the RAM of computer 4, and
compared (fig. 4).

The execution of sensor readings’ inequalities means
that the readings of the pyrometric vertical and of inde-
pendent AVS for the latest meterage are correlated, and
the pyrometric vertical works correctly. With this g,
AVS pitch angle is assigned the value of the pyrometric
vertical pitch angle, and the AVS bank angle — the value
of the pyrometric vertical bank angle, and the reading of
the AVS angular position restarts every time from the last
value supplied by the pyrometric vertical. Thus, continu-
ous monitoring of the angle accuracy supplied by the py-
rometric vertical is supported. As the integration errors do
not get accumulated, the reliability and multi-functional
operation of the given device are perfected, as compared
with the known units [15].
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Fig. 4. Location of pyrometric sensors together with angular velocity sensor

Puc. 4. PacrionoxeHne MupoOMETPHUIECKUX TATYIUKOB COBMECTHO
C JaTYNKOM YTIIOBOH CKOPOCTH

In case of the inequalities’ non-execution, the assign-
ment of angles does not occur. If the inequalities are not
executed in succession of times set by the construction,
the operating conditions of the pyrometric vertical are
considered unfavorable, and the task of bank and pitch
angle calculations is fully transferred to AVS, by integrat-
ing the readings of which the current bank and pitch an-
gles relative to their last correct values are obtained.
Switching to AVS can also be performed at the command
of the aircraft pilot or UAV operator. The values of other
parameters are assigned specially for the presently oper-
ated aircraft and autopilot.

The most commonly used AVS have their own reduc-
tion rate of 0.33 degrees per minute. As the aircraft con-
figuration allows, they may be able to maintain the stabi-
lization with bank and pitch angle error from 1 (for not
self-stabilizing aerodynamic designs) to 5 degrees (for
self-stabilizing aerodynamic designs). Thus, with the ac-
cumulation of errors of bank and pitch angle readings at
the rate of 0.33 degrees per minute, the aircraft can go on
stable using the readings of the non-serviceable AVS
from 3 to 15 minutes, which allows not only to get out of
the zone unfavorable for the pyrometric vertical opera-
tion, but also to carry out short-term flights in gorges,
tunnels and city streets.

Returning to stable flight by the pyrometric vertical
readings is possible with execution of inequalities several
times running.

As the stable flight according to the pyrometrical ver-
tical readings is resumed, the values of bank and pitch
angles are reset, and the attitude reading by AVS starts
again as before, from the last correct value determined by
the pyrometric vertical — that allows to exercise AVS con-
trol many times over without accumulation of integration
errors.

Thus, the combination of device attributes appropriate
for implementation allows to extend the pyrometer func-
tions as to the vertical — in the absence of the visible hori-
zon or in conditions of uneven thermal pattern — by intro-
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ducing the control of accuracy calculated only by bank
and pitch angle pyrometer readings, and calculation of the
same angles only by indications of the angular velocity
sensor within a limited period, when the bank
and pitch angles supplied by pyrometers are considered
incorrect.

Conclusion. The article analyzes the characteristics of
information-measuring system of pyrometric type in ap-
plication for small-sized unmanned aerial vehicle. The
advantages of applying the system are evident on the
background of drawbacks demonstrated by the orientation
system used to determine UAV attitudes relative to the
reference system.

The reviewed way of using pyrometric sensors can
help to considerably improve the accuracy of UAV angu-
lar coordinates determination.
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