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GOAL and CHALLENGES 2

Aim: Search Methods and instruments to increase metrological
and functional characteristics of the tracking antenna systems (AS),

based on the electronic and software ways.

Development of the optoelectronic intelligent angle sensor with built-in functions to
detect and compensation of errors occurring in mechanical constructions of support-
rotary device AS.

OG’ekT _pgocnifKeHHsaA — npouec npeumsinHoro KepyBaHHSA Ha3eMHUMMU
aHTEHHUMM KOMMMEeKcaMn rNpu HasiBHUX noxmbkax B KOHCTPYKLil AC.

NMpeameTr gocnigxeHHA — MeToAu Ta NporpamMHo-anapaTHi 3acobu
NigBMLWEHHA TOYHOCTI KepyBaHHA aHTEHHUMKW CUCTEMaAMK NMpUMomy iHpopmauil.

Research objectives :

1. Errors source analysis, occurred in pointing Antenna Systems and
design methods to reduce them,

2. Review of experimental results of angle sensor errors; smart angle sensor
design & its error estimation;

3.The methodology of the surface investigated on deviations from the reference
surface in the point of measuring ;

4. Electronic and software ways to incrise the accuracy of tracking AS




AS MARK-4B Radiotelescope RT-32 3
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a3UMYyTaJbHE KOJIECO, 22 - IEHTPAJIbHA BiCh.




AS MARK-4B CONSTRUCTION PARAMETERS 4

» The diameter of the main mirror is 32 m, of the counter-reflector is 2.8 m.

« The F/ D ratio is approximately 0.35.

« Shading overlapping of the main mirror of the counter-reflector by its
supports 2%.

« The standard deviation of the surface shape E/D * (36): 4.107

« -under normal operating conditions (wind speeds up to 48 km / h -(13.6 m /
s)with gustsupto 72km/h (20 m/s) — less

 under extreme conditions (wind speeds up to 72 km / h (20 m / s) with gusts
upto 96 km/h (27m/s)less 6-107

The maximum permissible wind speed is 193 km / h (53 m / s); expansion should be

carried out at a wind speed of 129 km / h (36 m/ s);

Weight on an angle axis 121 t, total weight on the rails 243 t;

Rails diameter 16.97 m; wheels diameter of the cart - 900 mm;

Permissible solar radiation of 1.2 kW / m?;

« Ambient temperature -30 ... + 50 C Relative humidity 0-100%;

 Acceptable: rain 100 mm / h; snow 10 cm / h, 30 cm / day;

« Earthquake Resistance: 8-th Mercalli Modified Intensity Scale; ground tangential
acceleration 0,3g;

 Frequency eigenvalue at the rotor slowing 2 Hz.



MAIN EQUATION OF THE PARABOLIC ANTENNA PARAMETERS 5
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Diagram and main equations of the parabolic antenna



ADMISSIBLE DEVIATIONS of the ANTENNA REFLECTOR

6

The admissible deviation of the antenna reflector surface from the
paraboloid must be less then 1 mm.

Is determined from the condition of ensuring the in-phase state of excitation of the

reflector surface with an accuracy of /2.
The admissible deviation of the surface depends on the wavelength A and should be:

5. < M6

Admissible deflection of the antenna reflector surface and focus
displacement for different frequency ranges (must be less then 1 mm)

Frequency Wave Lenght The admissible deviation of antenna reflector
fg/fog TTI Mt/ Mgy MM ey from the Displacement from the
parabolic surface, mm | focus in the axial direction

L 08/1,0 375 /300 23,4/18.75 Sram = g jos
S 2024 150/ 125 9.0/7.8 ¥o)
C 4,0/6,0 75750 4.713.1
X 8,084 37.5/36 2.3412.25 15-20

K/Ku 12,0/18,0 25117 16/1.1 5-10

Ka/Q 20,0/30,0 15/10 0,9/0.6




ACCURACY POINTING with Various Reflector Diameter !

Necessary accuracy pointing of the antenna with various beams is:
(tenth (1/10) diagram of width antenna beam on level 3dB, units = angular minutes).

Admissible angles error for pointing of antenna beam (angular minutes)
for different frequency ranges provided 1/10 diagram width
Frequency Wave The diameter of antenna reflector D, m
f oo /oy T Mo A MM 3,0 3,6 5 7 9 12,0 25,0 32,0

L 08/10 375/300 35,0 28,8 21,1 15,0 11,7 8,75’ 44 33

S 20024 150/125 18,0 15 10,5 75 5,8 44 2,2 1,3’

C 40060 75/50 8,8 4,9 53 38 2,9 2,2’ 11 0,75 (42”)

X  80-84 30-36 35 7.3 2,1° 1,5 117 0,9’ 0,44’ 0,35’ (22”)
K/Ku 12,0/18,0 25/17 2,9’ 2,4 1,8 1,3 0,9’ 43sec. | 21 sec. 16 sec.
Ka/Q 20,0/30,0 15/10 1,8 1,46’ 1,1° 45 sec. 35 sec. 26 sec. 13 sec. 9,0 sec.

The Accuracy of static and dynamic tracking of satellites or space object (Star) is provided by
the antenna control system (ACS).

Since the weight of such antennas ranges from tens hundred of tons, the
support-rotary platforms (SRP) has a significant influence on the accuracy of
the guidance and the tracking of the trajectory.



Block Diagram of ACS MARK-4B
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FUNCTIONAL SCHEME of ACS “MARK-4B”
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ANTENNA CONTROL SYSTEMS of AS MARK-4B

LlEiy




MAIN PARAMETERS of ACS MARK-4B

2 1IT.

+270 rpan.
6...90 rpan.

2*7.5 kBt
2*7.5 kBt

0,7 rpan./c.
0,4 rpan./c.

0,6 rpan./c.
0,3 rpan./c.

0,3 rpan./c2.

0,3 rpan./c2.
- pydyHE Ta NPOrpaMHE pETYIIOBAHHS YaCTOTH
00epTaHHs JBUTYHA,;
- TOPOrpamMOBaHMM dYac PO3TOHY Ta IUJIABHOTO
raJIbMyBaHHS,
- IIBHUJIKA 3yMUHKA JBUTYHA MPU €KCTEPHIN 3YIHHII
AC,;
- YIpaBIiHHS TAJIbMaMH JIBUTYHIB.

380 +£10% Tproxda3zHa Mepexa
40 kBt

11




ERROR SOURCES IN THE ANTENNA POINTING 12

The total errors for electrical axis pointing AS consist the following groups:

1. Methodical, astronomical from inaccuracy coordinates determination ()

2. Instrumental: angle measurement, influences of mechanisms angle sensors fastening,
Support-Rotary-Device-constructions influences, influence of the reflector construction.

Behavior of them is unchangeable during a large period of time or changes according to the
certain law.

Features of the object and structure of the control system:

The most significant sources of errors in control system is:

- the moments of inertia of modules vary from the angles of the reflector and the ratio
of positions of the antenna modules for different axes,

- change in stiffness of mechanical gear

- changes in friction resistance,

- backlash

- Instability characteristics of electric drives,

- stochastic influence of wind loads, etc.

Such dynamic systems as management objects have a nonlinear character

The error reducing methods based of constructive ways are complicate
mechanical parts of SRD and lead to increase costs for their projecting,
adjustment and maintenance.



OCHOBHI OXXEPEJNA NOXUBOK HABEAOEHHA CK AC 13

[edopmauia KOHCTPYKLUIN aHTEHM Nig BNAMBOM: rpasiTaUiMHUX CUN
Npun Pi3HUX KyTax Micus — NpUBOANTb A0 3MilleHs1 oci npomeHst AC;

- BiaxnneHHs BepTUKarbHOI OcCli;

- HenepneHOWKYNAPHICTbL OCeW;

- edopmauia pednekropa Big Barm Ha pi3HUX KyTax Haxuny;

[MoxnbKuM KpinneHHA KyTOBOro CeHcopa: nepekocu, HECTIBBICHCTb
OCEeWN CeHcopa i aHTeHuU, rictepesnc nepexigHol mydTu;

JllodpTn y BUKOHaBYMX MeXxaHi3aMmax CUNOBUX MPUBOAIB LUECTEPHSAX;

Bnnne BITPOBOro HaBaHTa)XXeHHA MPU MNOCTIMHIM LWUBUAOKOCTI BITPY
abo npu nopusax BITPY;

Oedopmaduil BIO Heo4HOopIAHOro po3irpiBy COHAYHUM
BUMNPOMIHIOBAHHAM,

3MiHN HaBaHTaXXeHHSA rMpu obmepaaHHi, iHepuil MPU NPUCKOPEHHSAX.

Bnnune kniMatnyHMx dpakTopiB Ha KoopAUHATU HaBeOEeHHS.



ANTENNA CONTROL METHODS and DEVICES OVERREVIEW 14

An important element of Antenna control system is an executive electric drive of high
power, which should provide a wide dynamic range of adjustment with high accuracy
and stable point.

At the existing antenna systems (AS) precision control of power devices is provided by
the use of synchronous DC motors, special types of brushless DC (BLDC) engines
or valve motors (Servo Drivers)

Induction motors (IM) in squirrel cage, or asynchronous drive (AD), widely used at
the industry, have a number of advantages compared with other types of drives.

However, induction motors inherently are not designed for speed control over a wide
range without loss of torque and is used mainly in tasks that require constant rotational
speed or slightly its regulation.

IM with frequency control are used in many technological processes, but there is no
research on the possibility of their use in precision systems for pointing and
tracking of LEO satellites for the ERS.

The use of IM in conjunction with frequency control devices in precision control
systems of AS is a promising solution and will allow to reduce the cost of the AS and
Increase their reliability.



REQUIREMENTS FOR THE ANTENNA CONTROL SYSTEM 15

ACS must improve of the antenna accuracy guidance and
tracking by using schematic and software-algorithmic
methods;

» Improving of the accuracy and reliability of the antenna angular position
determining ;
« The extending of azimuth angles range (up to /- 270 degrees)

« Mechanics disadvantages compensation (SRD, deformation, etc.) by
electronic and algorithmic methods, adaptability to changes in mechanics,
robustness;

 Adaptation to SRD and electric drives (modular hardware and algorithmic);

 Functionality extension, AS intellectualization: automatic execution of most
operators functions : forecast of trajectories of CO in the observation area, guidance
tables calculation, synchronization of time with GPS /UTC / UT1, search of the
max. signal mode, self-diagnosis;

» CS cost reduction due to the modern element base.

* It is necessary to develop both schematic and software-algorithmic
methods in ACS.



Measuring Elevation axis RT-32. BumipoBanns kpaapanTom (30”) 3 16
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Elevation Axis Meas RT-32. The hysteresis of the coupling is || 17

about 0.5 angle min (30 )
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The STRUCTURE of SMART ANGLE SENSOR 18

We have design optoelectronic sensor of absolute angular position able to
determine and compensate errors caused by technological reasons of
manufacturing, as well as constructive-technological factors occurring at
connection of sensor shaft with AS axis.

The method of determination of code disk axis deviations was patented.

Patent UA57750

Disadvantages of the given angle determination methods are measurement errors caused by deviations of
the code disk axis which in its turn can be resulted by eccentricity of the code disk, and also:

Inaccurate setting or offset code disk,
* Bearings wear,
» influence of joint mechanisms of shafts and connections between the sensor and antenna axis.



PRINCIPLE FOR DETERMINING THE ANGLE IN SMART SENSORS | 19
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Where:
¢r — disc turn angle relatively to the reference point;

o. ..o -angles from the start of zero sector (disc reference point) to the sectors boundaries that are
1 e o 0 4 . -
projected onto the centers of both sensor arrays (fig.3);

b1 b i - linear deviations of sector boundaries relatively to the center of corresponding sensor array.
Code disc axis shift Ax along sensor array axes can be determined by formula:



RESEARCH of SENSOR ACCURACY 20
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USING SENSORS in ACS

Angle sensors operated as a measuring indicator of antenna

systems«Vityaz-/m» Ta «Quasar + 7.6» with reflector diameter 7m
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KyT. BlAX M eHHA BIA TH, MUH

L N - T TN

Results of the research sensor errors together with the ACS & AS
3aganuii kyt | Ilokasu cencopamo | Iloxasu Teomomita [ToxuOka IToxuOka Aac
HAaBEICHHA a3UMYyTy (Olac) o a3UMYTY (0lr)

100,0000 100,0028 100,0086 -0,0058 -0,0086
130,0000 130,0067 129,9819 0,0181 0,0208
160,0000 159,9939 160,0089 -0,0150 0,0061
190,0000 190,0083 190,0031 0,0053 -0,0031
P e ,0000 220,0122 220,0086 0,0036 -0,0122
. 10,0000 249,9994 250,0050 -0,0056 0,0006
i | : { ,0000 279,9986 280,0178 -0,0192 0,0247
s WF\” " 5,000 310,0122 310,0067 0,0067 -0,0122
— W‘vIW ,0000 339,9994 340,0158 -0,0164 0,0006
,0000 10,0142 10,0031 0,0111 -0,0142
40,0000 40,0006 39,9847 0,0158 -0,0011
70,0000 70,0103 70,0019 0,0083 -0,0103
FTom— 0181 100,0086 0,0100 -0,0086
S ),0042 130,0178 10,0136 10,0067
),9939 160,0103 -0,0164 0,0061
,0031 190,0114 10.0086 10,0031
- ,0069 210,0036 0,0033 -0,0036
o ),0072 240,0006 0,0067 -0,0072

) e —....... 0111 270,0194 0,0083 0




Method of backlash compensates in gears of reducers
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Used 3-mass model of ACS against 2-mass model
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Control circuit with backlash sampling and PID controller
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The compensation of errors method in the mechanical design 25

of the antenna
e ) 1 0 0
Ny =|0|i N=T,T,T,N,, T,=|0 cosg —sin qo‘
0 0 sing COS @
VA i 0 —sing
6:':05—1 N,N, CO5 g
( 0 ) T‘P —[ ﬂ' 1 D ]
sing 0 coso
(No,N) = NN, + N, N, + Ny N.. cosy —siny 0
T, = |siny cosy 0

0 0 1

The method is based on
measuring deviations
with an inclinometer and
Introducing guidance
corrections.

Marpuiisi TOBOPOTY HaBKOJIO JJOBUIBHOI OC1
cos(@) + (@1—-cos@))-(v,)>  (L—cos(@))-v, -V, =sin(@)-v, (L1-cos(@))-v, v, +sin(@d)-v,
M(v,0) =] L-cos(@))-v, v, +sin(d)-v,  cos(@)+(L-cos(®))- (vy)2 (L—cos(@))-v, -v, —sin() -v,
(L-cos(@))-v, -v, —sin(d)-v, (L-cos(@))-v, v, +sin(@)-v,  cos(@)+(1-cos(@))- (v,)?
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Estimation of the deviation surface of antenna reflector by
scanning of the Tacheometer
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"of known signal sources coordinates.
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"Error matrix": a matrix for adjusting the coordinates of the antenna by the

using of known signal sources coordinates.
The method eliminates the set of errors sources: angular sensors, couplings, mechanical
components, such as deviations in the design of the SRD AS and, most importantly, the
effect of deformation of the reflector from its own weight at different angles
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The use of ANC allows us to adaptively adjust the parameters of the ACS
taking into account the peculiarities of the mechanical structures of the SRD
(Support-Rotary Device) AS without detailed bulky calculations of the
parameters of the actuators, and on the previously prepared training test
trajectories of the AS.

Precise mathematical models of the control object do not need to be used in the

control circuit;

» ANC can be effectively trained in adjusting dynamic objects with variable
parameters;

* It is important for ANCs to choose an effective topology and training sequences
that fully cover possible system behaviors;

 For control actions, it is efficient to use recurrent SNMs , particulary it is
researched and substantiated the usage of EIman ANC with additional feedback,
which increases the ANC's training capacity;

« Itis rationaled the studying ANC trainings by gradient method (Fletcher-Reeves
algorithm variant).

» The behavior of a control system with a neurocontroller in the mode of testing
Input trajectories with random perturbations is investigated.
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SOFA - Standards Of Fundamental Astronomy
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ACS ERRORS ESTIMATED
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Comparison of legacy algorithm and SOFA

Comparison of abserverd coordinates for legacy algorthm and S0OFA
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Effect of temperature on the refraction

Comparision of observerd coordinates for t=25C and t=-10°C
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Effect of humidity on the refraction

Comparision of observerd coordinates for rh=50% and rh=50%
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Effect of air pressure on the refraction

Comparision of abserverd coordinates for P=10000Fa and P=950hFa
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Effect of the Earth attitude and rotation

« UT1-UTC is less than 1s and affects observed coordinates
for less than 15”

« Effect of polar motion xp, yp 1s less than 17



CONCLUSION 32

The software-algorithmic methods and electronic
desicions in ACS can improve of the antenna accuracy
guidance and tracking;

The pointing accuracy of the antenna at space sources
reaches 20-30 angular seconds

Electronic and program-algorithmic methods to improve
the accuracy of mechatronic systems are much more
effective compared to structurally-technological methods:

versatile,
*don’t require high material spending,
increase functional abilities of systems in general.
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REQUIREMENTS TO the PRECISE ANTENNA CONTROL SYSTEM 20

Additional requirements for functionality of precise control system

» Angle sensor should provide absolute angle counting with binding to global
coordinates with accuracy < 1 min. (must be displayed immediately after power-on).
Incremental sensors with relative readout aren’t suitable (require a lot of time on
alignment procedure. It also complicated the structural limitations in the SRP.

» Wide range of angle positions measurement, especially in AS for ERS: £270°;

« Data transmission over long distances in digital format;

« High reliability and simple interaction with Antenna control system. Self-
Diagnosis sensors and control systems; Smart functions detection of failures;

« Simplicity of AS initial configuration and installation of global coordinates with
high precision (< 1 angle minute).

In general (Summarizing of previous):

Electronic and program-algorithmic methods to improve the accuracy of
mechatronic systems are much more effective compared to structurally-
technological methods:

sversatile,
*don’t require high material spending,
sincrease functional abilities of systems in general.



MOIEJIOBAHHSA BIIVIMBY BITPY HA POBOTY CK AC 21

r
CepenHn

WBUAKICTL

PnyKTyauin
WBUAKOCTI

Y
PV 2 My
F= aT S cum BITPOBOTO MOTOKY Ha po0ouy nosepxHio AC F

y 3anexHICTh 3Ha4. aePOAMHAMIYHOTO KOoedillieHTa @ BiJl

a - aepoHAMIYHUI KOe(iliEHT MOMEHTY, 3aJISKUTh Bill MOJIOXKEHHS aHTEHH 110 asumyTy i KM
reoMeTpudHoi GopMH 3epKaja Ta KyTa aTaku

100

Angle error (grad)

50|

200

Penbed MOMEHTIB BITPOBOTO HABAaHTAKEHHS ['padik moxnOku HaBEACHHS BiJ] BIUIUBY BITPY
B IUTOIIMHI KyTa MiCIlf 1 a3UuMyTa



