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PROGRAM SIMULATION OF MEASURING POSITIONING
INACCURACIES OF THE LARGE REFLECTOR PANELS OF THE ROT-
54/2.6 RADIO-OPTICAL TELESCOPE ANTENNA
USING A LASER RANGEFINDER

N.H. Hambardzumyan
National Polytechnic University of Armenia

During its long-term preservation, various physical-mechanical and radio-technical pa-
rameters of the ROT-54/2.6 radio-optical telescope have likely deviated from their original
values due to the influence of natural and anthropogenic factors. In recent years, an interna-
tional team working under the framework of the “Herouni National Space Center” project
has committed to the reactivation of the telescope. A comprehensive business plan has been
developed, along with a system for addressing the diverse scientific challenges associated
with the restoration process.

One of the primary engineering challenges of the reactivation is the reassembly and
calibration of the antenna. The first essential stage in this process is the comparative evalua-
tion of the antenna’s current condition against its ideal reference geometry. The magnitude
of the detected deviations will directly serve as a correction coefficient during the reassem-
bly process. The general methodological framework includes a set of approaches that allow
for reliable technical diagnostics without the need for direct physical intervention.

A particularly critical task is ensuring the precise spherical geometry of the large reflec-
tor. In this paper, a measurement methodology is proposed that enables the identification of
the overall positional deviation and possible deformation of each panel forming the large
spherical reflector. This is achieved by performing measurements at five points on each
panel using a laser rangefinder positioned in four predefined locations around the reflector
surface.

The article presents a software-based simulation and three-dimensional mechanical
analysis of the proposed method, which automates several stages of data processing based
on the measurements. A test evaluation has been conducted using randomly generated ini-
tial data to assess the radial positional state of the panels composing the large reflector.

The toolset developed based on this methodology is essential for ensuring the precise
performance of the antenna. It not only significantly reduces the volume of future physical
calibration work, but also lays a technological foundation for the integration of a fully
automated control system.
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Introduction. The ROT-54/2.6 radio-optical telescope was constructed between
1980 and 1987 by a team led by Academician Paris Herouni. The operation of the
antenna continued until 2012, after which the instrument was placed in preserva-
tion and transferred to the National Body for Standards and Metrology CJSC for
safekeeping. During its operational period, several technical parameters were im-
proved, and the method of radio astronomical measurements and research was ap-
plied [1-4].

One of the most complex stages in the construction of the radio-optical tele-
scope was the installation of the panels of the large reflector in such a way that the
reflector would form a spherical surface. The installation of the panels was carried
out usmg the invar cable method (F1g 1) [5].

Fig. 1. The process of installing the panels of the large reflector of the antenna

During the preservation period, the telescope was subjected to various natu-
ral and anthropogenic influences, which inevitably led to the deterioration of its
radio-technical characteristics. These changes require detailed documentation and
assessment to ensure that the work plan for the reactivation of the radio-optical
telescope's antenna is developed with greater accuracy in terms of time, financial
costs, and overall scope.

In recent years, the “Herouni United Space Center” project has been deve-
loped. Its professional team intends to reactivate the ROT-54/2.6 radio-optical tele-
scope, and a business plan is in place for this purpose [6]. An international team,
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composed of highly qualified specialists from Armenia and abroad, has gathered
for the implementation of the project. The project's action plan primarily includes
the adjustment and calibration of the antenna [7].

Before performing the measurement operations provided by the comprehen-
sive plan in practice, it is advisable to first design them in a virtual environment,
which will subsequently significantly facilitate and automate the actual measure-
ments.

In the author's previous works, the precise three-dimensional model of the an-
tenna and the software simulation for determining the position of the large reflec-
tor's center were developed using the C++ programming language. They are pre-
sented in [8-10].

This article presents a software simulation for assessing the positional accura-
cy of approximately 4000 panels of the large spherical reflector.

The problem statement and justification of the methodology. The precise
determination of the position of the large reflector’s center in the radio-optical tele-
scope’s antenna enables the transition to the next step of the adjustment and cali-
bration plan—measuring the radial distance of each panel from the center.

The panel installation mechanism, utilizing four adjustable screw-jack sys-
tems, allows for the controlled positioning of each panel. Thus, to clarify the opera-
tions that will be performed with the screw-jacks during the actual calibration pro-
cess, it is necessary to determine the radial distance of each panel in advance.

Studies conducted by researchers working on this issue suggest the use of a
laser rangefinder for this purpose [11]. A corresponding measurement methodology
has been developed to determine the radial distances of the panels. The actual
measurements imply the following sequence of operations:

e the high-precision laser rangefinder must be installed at the exact center of
the large reflector of the antenna. However, this is not possible, as the ac-
tual center of the large reflector is located within the central part of the
tubular section of the metal structure supporting the small reflector
(Fig. 2). For this reason, the rangefinder must be installed on this metal
structure, but at a certain distance from the center;

e four corner points are identified on each panel, along with the intersection
point of the diagonals, which is considered the center of the panel;

e the distance from the center of the large reflector to each of these points is
measured using the rangefinder;

e this distance is compared with the ideal data, according to which all edge
points of each panel should be exactly 27 meters from the center - the
radius of the large reflector;

e five measurements are taken for each point of each panel, and the root
mean square (RMS) error of these measurements is calculated;
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e in cases where radial inaccuracies in the position of the panel are detected,
the corresponding adjustable screw-jack mechanism responsible for that
point is corrected. This adjustment must be performed simultaneously with
the measurement to assess the result on-site and, if necessary, repeat the
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Fig. 2. The position of the center of the large reflector on the three-dimensional
model of the antenna

The distance of the rangefinder from the actual center must be measured in
three-dimensional space using x, y, and z coordinates. Based on this, a new ideal
distance from the rangefinder to the panels should be calculated, accounting for the
displacement of the rangefinder from the actual center of the large reflector. The
most suitable area near the center that can serve as a platform for the rangefinder
is the surface of the ring rigel.

To facilitate the execution of practical operations, the simulation represents
the projection of the large reflector onto a plane perpendicular to the horizontal
axis as a virtual grid, with the coordinates of each panel (Fig. 3). Subsequently, the
ideal distance from the rangefinder to each panel’s coordinates is calculated, taking
into account the displacement of the rangefinder from the actual center of the large
reflector.

The calculations are performed using Equation (1):

d=J(x—x)+ @ —y)?+(z—2)? , (1

where:
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e xand y are the coordinates of each panel on the virtual grid (Fig. 2);

®  Xo,Yo0,Z0 represent the position of the laser rangefinder relative to the actual
center of the large reflector;

e 7z is the height of the given point on the reflector panel relative to the
lowest point of the large reflector calculated using Equation (2):

z= /R?—x%2—-y?—R, 2)

Where R is the radius of the large reflector of the antenna.

Consequently, if the rangefinder is positioned 1 meter above and 3 meters
eastward from the actual center of the large reflector, the distance to each edge
point of each panel will be calculated using Equation (3):

d=J@—3y+yLHjiﬁf?Z77—2®2. 3)

Subsequently, the central (5th) point of the panel will be calculated using
Equations (4) and (5) to record the surface deviations of the panel.

a a
p = LD )
_bY 4 epalt
g =0 (5)
where a is the length of the panel, b - the width of the panel.

Since the metal structure supporting the small reflector not only prevents the
rangefinder from being placed at the actual center of the large reflector but also
obstructs the visibility of certain panels from the rangefinder during measurements,
it is advisable to conduct the measurements in four different stages, covering dif-
ferent sectors of the large reflector, with a new position for the rangefinder on dif-
ferent sides of the ring rigel during each stage (Fig. 4).

For the first, second, and third sectors, it is convenient to perform the mea-
surements from the structure supporting the small reflector. To measure the panels
of the fourth sector, the rangefinder must be placed at the edge of the large reflec-
tor, from where the panels that were obscured by the small reflector during the
measurements of the other sectors become visible.

In this case, the displacement of the rangefinder’s position from the actual
center of the large reflector becomes significantly larger than in the other stages.
However, it is still recalculated using Equation (1), considering that the displace-
ment along the x-axis is 27 meters.
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Fig. 3. The structure of the coordinate table for the panels of the large reflector
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Fig. 4. Sectoral division of the large reflector for measurement purposes

The results of the study. Measurements are conducted at the four edge points
of each panel, with five measurements taken at each point. The deviation from the
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ideal data is then calculated, along with the root mean square (RMS) error, using
Equation (6):
MSE = -3, (2 + 22, (©6)
where z; is the actual value; Zi/\ - the ideal value; n - the number of measurements.
The simulation program is developed using the C++ programming language
and, upon receiving a set of initial input data:
e the distance of the rangefinder’s position from the actual center of the large
reflector;
e the radius of the large reflector of the antenna;
e the number and dimensions of the panels;
returns the measurement results calculated for each point of each panel, along with
the root mean square (RMS) error (Fig. 5).

o Tile 3795 at (-5, 11)

» Ppint 1 (-5.25, 18.75)
Measurements: 31.8248m 31.8284m 31.8232m 31.8253m 31.8283m
RMS Error: 2.65363 mm

» Point 2 (-4.75, 108.75)
Measurements: 31.6073m 31.6061m 31.6005m 31.5089m 31.6088m
RMS Error: 3.43851 mm

» Point 3 (-5.25, 11.25)
Measurements: 32.2067m 32.2036m 32.1977m 32.2033m 32.1996m
RMS Error: 3.17562 mm

» Point 4 (-4.75, 11.25)
Measurements: 31.9817m 31.9849m 31.981m 31.9863m 31.9874m
RMS Error: 2.57923 mm

» Point 5 (-5, 11)
Measurements: 31.8982m 31.8947m 31.9045m 31.8954m 31.9011m
RMS Error: 3.74337 mm

Fig. 5. A fragment of the simulation program output for a specific numbered
panel

The range of the simulated value for the positional inaccuracy of the panel has
been conditionally set to 0.5-5 c¢m, taking into account the lengths of the screw-
jacks.

Conclusion. On the path to solving the primary scientific problems of the ad-
justment and calibration of the ROT-54/2.6 radio-optical telescope antenna, simu-
lation programs have already been developed. These simulations facilitate the me-
ticulous planning of practical operations and reduce the scope of work required for
the adjustment and calibration of the antenna, thereby accelerating the overall pro-
cess as much as possible.
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The simulation program presented in this article enables a further development
of the adjustment and calibration action plan by proposing a method for measuring
the radial distance of each panel. This method not only allows for the assessment of
the panels' positions but also determines the necessary correction for the radial dis-
tance of each panel in real time.

The practical work is extensive, considering the number of panels and the
natural wear of the screw-jack positioning mechanisms over time.

10.

11.

References

Herouni P.M. The First Radio-Optical Telescope // Trans. of Sixth International
Conference on Antennas and Propagation ICAP 89/ IEEE-URSI. — 1989. - Vol.1. —
P. 540-546.

Herouni P.M., Oskanian V.S. Radio Flare at Eta Gemini Star // Proc. of Flare
Stars IAU 137th Symposium. — Byurakan, 1989. - P. 145-146.

Herouni P.M. Construction and Operation of Radio-Optical Telescope ROT-
32/54/2,6 // Trans. of the URSI International Meeting of Mirror Antenna Construc-
tion. Riga, 1990. - P. 34-41.

Tepynn IL.M. M3mepernns xapakrepuctuk POT-54/2.6// BKAU-5. — 1990. - C. 22-
26.

Heiitaun H.A. AnTeHHbI KOpOoTKUX BOJIH. — M.: CBs3b, 1966.

Capresn A.C. CoBpeMEHHOE COCTOSHUE U MEPCHEKTUBBI BOCCTAHOBJICHUS aHTECH-
HBI 3epKaibHOrO paauoreneckona ['epynu // Pagnorexnuka. - 2023. - T. 87, Ne 1. -
C. 158-166. DOI: https://doi.org/10.18127/j00338486-202301-12

Capresin A.C. MeTouKa IpeJBapuTeIbHOTO dTara ICTHPOBOYHBIX PadoT 1o pac-
koHcepBanmu aHTeHHBI POT-54/2.6 // Pammorexnuka. - 2023. - T. 87, Ne 2. - C.
172—177. DOLI: https://doi.org/10.18127/j00338486-202302-20

Sargsyan A.S., Hambardzumyan N.H. Solving first scientific problems on
preliminary adjustment of the antenna of the ROT-54/2.6 radio-optical telescope
/I Proceedings of NPUA: Information Technologies, Electronic and Radioengineer-
ing — 2024 — Vol.1.- P. 89-98.
doi:https://innovative.polytechnic.am/files/publication_article/1/1727078830978.pdf
Sargsyan A.S., Hambardzumyan N.H. Margaryan L.M. Design of a three-
dimensional model of the ROT-54/2.6 radio-optical telescope // Proceedings of the
RA NAS and NPUA. Series of Technical Sciences. — 2024 — Vol.2.- P. 160-170.
Hambardzumyan N.H. The second stage of solving priority scientific problems on
preliminary adjustment of the radio-optical telescope ROT-54/2.6 // Proceedings of
NPUA, Information Technologies, Electronic and Radioengineering. — 2024. — N2.-
P. 137-144.

Khachatryan A.R. Spheriacal radiotelescope surface ajustment using arbitrary lo-
cated laser rangefinder // Proceedings of the RA NAS and NPUA. Series of Tech-
nical Sciences. —2018. — Vol. 71, N2.-P. 181-187.

Received on 21.05.2025.
Accepted for publication on 10.07.2025.

117



LURGMU3PL <6NURRUPHh UhRNSNY N01-54/2.6 NUPNONShLULUL
ThSuubh ULSELU3b U0 <U3tLNk fhf@t1LE P SE1UMUULL
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L.L Swdpwpénudju

Gpywp dwdwuwy Ynuubpjugywsd pbwynwd guuybint pupwgpnid puwdht nt
dwpnwoéhu  gnpdnuubph  wanbgnigywtu  wpryniupnd d6S hwjwuwywuniypjudp
ulgpuwlwu wpdtpubiphg 2tnyt) Gu NON-54/2.6 nwnhnowywhlywlywu nhnwyh dh 2wpp
dhahywdtfuwuphlwywu W nwnhnunbfuuthwlwu wwpwdbwnptp: Ybpohtu  wwphubphu
dowlqws  {<Lbpniunt wgquiht whbgbpwlwu Yeunpnu)  twjuwgdh dhowqguihtu phdp
htwnwdnun £ nhnwyh yGpwgnpdwpydwup, dowyynud £ ybipwgnpdwnydwu hbn Yuwyyws
pwqdwwbuwl ghrnwlwu fuunhpubph nédwu hwdwlwpgp, dowyyb) b hwdwwwpthwy
phqubiu wwu:

dbpwgnpdwpldwtu  hphduwlwu  pudbubpwywu  fuunhpubphg G wuwnmbuwgh
hwdwjwpnwu nu Ywpgqupbpnwp, npnug hpwgnpddwt hwdwp wuhpwdbon  wnwehu
thnyp wuwnbuwih pnbwwywu W ubpluwihu yhtwyh hwdbdwwnwywu quwhwnnwu k:
Lwynuwpbpywd nwppbpnigjut swihp hupupunhupjwtu hwunhuwtwint £ hwdwjwpdwu
gnpdpupwgh 2nydwu gnpdwyhg: Cunhwunip dbpnnwpwuniypjut hwdwhpp punyuguwd
E Jdph owpp dbpnnubphg, npnup huwpwynpnigynu Bu wmwihu' wwwhnybint Juinwhbih
nbfuthyuywu Jbpindnipnu’ wnwiug wudhowlwt $hghluwlywu dhowdwnnipjwu:

Lwdwwndwu Jwplnp fuunhpubiphg £ wuwnbuwh dGé hwikint dogphin qunwal
dwytpunyph wwwhnynwip: Unyu hnnwdnd wyn futnph nddwu hwdwp dowyyty &
hwdwwywwnwufuwu swihnwdubph ppwlywtwgdwu dbenn, npp huwpwynpnigyntt £ wwihu
uwhuwwbiu hwpyupyywsd 4 nhpptipnd nbnwnpjwd jwgbpwihu htnwswihh dhongny dbd
hwjtint dwybpunyph jnipwpwugnip phptinh 5 Ybwnbpnw swihwgpdwu  wpryniupnid
hwjnuwptipt| phptinh punhwuniy nhppwjht 2tinnwip W huwpwynp nEdnpdwghw:

<nnwond ubpyuwyugywsd Bu dbpennh Yhpwndwu Spwagpwihu  uhdniyjughwu L
Gnwswih  deuwupyuywu  dbpindneniup, npp - wdwnndwnwgund £ swihnwdubph
wpryntupnwd - unwgywd  ndjwiubph  dowydwu  dh owpp  thnybp: Ywwnwpdwd b
wwwnwhwlwl twiutwlwu nyjwijubpng d6§ hwybhu uwgdnn phebnubph 2wnwynwhu
nhppwjhtu yhbwyh quwhwwnnd:

Wu dbennh Jpw hpduqwsé gnpdhpwlwaqip pwgwpdwly wuhpwdbonniyeiniu k
wuwnbUwjh dogphin wtuwwmwuph wwwhnydwtu mbuwuyyniuhg: Wu ng dhwju Ypdwnnud §
hGunwagw $hghulwl Yupgupbpdwt wouwnmwupubph dwywip, wy twb duwynpnd k
wbfuuninghwlwu hpdp' wdpnnowlwu wynndwwn Yunwywpdwu hwdwlwnpg ubpnubn
hwdwn:

Unwugpuyhtt  pwnbp. nwnhnoywnhlwlywtu nhunwy, MHO0N-54/2.6, wuwnbuw,
hwdwjwpdwu dbennubp:
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IPOT'PAMMHASI CUM YJISILIU A UBMEPEHUSI HETOYHOCTEN YCTAHOBKH
MAHEJIER BOJIBIIOI'O 3EPKAJIA AHTEHHBI POT-54/2.6
PAAMOOIITUYECKOI'O TEJIECKOIIA C IOMOIIBIO JIASEPHOT'O
JAJTBHOMEPA

H.A. AMbapuymsin

Bo Bpewmst [uMTENBHOTO MEepHo/ia KOHCEPBALUK 110/ BO3/CHCTBUEM MPUPOJIHBIX U aH-
TPOTIOTEHHBIX (DAKTOPOB C BHICOKOH BEPOSITHOCTHIO MPOHM30IILIO OTKIOHEHHE Psifa (PU3HKO-
MEXaHWYECKUX M PaTUOTEXHWYECKHX MapaMeTpPoOB paanoonTudeckoro teneckoma POT-
54/2.6 ot uxX NMepBOHAYAIBHBIX 3HAYCHUH. B mocieqane roasr MeXayHapogHast KOMaHIa B
pamkax mpoekTa "HarmoHansHBIH KOCMHYECKHIH EHTp UMeHH [ epyHu" akTHBHO paboTaeT
HaJl BOCCTAHOBJICHHEM TeJlecKona. Pa3paboTaHbl KOMIUIEKCHBIN OM3HEC-TUIAH, a TaKKe CH-
cTeMa JJIsl peLIeHUsI Pa3IMYHbIX Hay4YHbIX 3a/1a4, CBS3aHHBIX C €0 TIOBTOPHBIM 3aITyCKOM.

OnHOM M3 KIIFOUEBBIX MHIKCHEPHBIX 33714 SIBJSIETCSI IOCTHPOBKA M KaJIMOpPOBKA aHTECH-
HBI, JUISl YETO TIEPBBIM HEOOXOANMBIM ATAIIOM SIBJISIETCS CPAaBHHUTEINIbHASI OLICHKA TEKYIIETo
COCTOSIHUSI aHTEHHBI ¢ €€ HaealbHOM reomerpueil. BemnunHa BBISBIEHHOTO OTKJIOHEHHS
OyzeT UCIIONIb30BaThCSl B KAUECTBE KOPPEKTUPYIOLIETO KO HIIMEHTa B ITpolecce Kalnuo-
poBku. OO0mIas MeTomonorndyeckas O6a3a BKIOYAeT B ceOs HaOOp METOMOB, MO3BOISIOIINX
MIPOBOIUTD JOCTOBEPHBIN TEXHUYECKUN aHANMH3 0e3 HEOOXOIUMOCTH (PU3UIECKOT0 BMeIIa-
TEIBCTBA.

Oco00 BaXHOW 3amaueil SBIAETCS BOCCTAHOBIICHWE TOYHOH chepudeckoit (popMbl
OOoJIBILIOrO 3epKajla aHTeHHbI. B Hacrosiiell paboTe mpeuiaraeTcsi MeToMKa U3MEpEeHHH,
TIO3BOJISIIOIIAS OTIPEJICIIUTH 00IIee MO3UIIHOHHOE OTKJIOHEHHE ¥ BOZMOXHYIO JIe()OpMaIHIO
KXKIOH MaHeIH, COCTABIISONICH CPEPUUCCKYIO MTOBEPXHOCTh 3epKaa. [y 3Toro Mcmoib-
3yeTcs JIa3epHBIN JalbHOMEP, YCTAaHOBJICHHBIN B UETHIPEX 3apaHee PACCUUTAHHBIX MO3UIU-
AX, 1 UBMCPCHUS TPOBOAATCA B IIATU TOUKAX Ha Ka)K,[[Oﬁ MMaHCJIN.

B crarbe npesicTaBieHsl MPOTrpaMMHAs CUMYJISIIUS M TPEXMEPHBIN MEXaHUIECKUI aHa-
JM3 TIPEJUIOKEHHOT0 METO/1a, aBTOMATHU3UPYIOIINE HECKOJIBKO 3TalloB 00pabOTKM JaHHBIX,
TIOJTYYEHHBIX B pe3yibTare u3MepeHuil. [IpoBeneHa oleHka pajnaabHOTO MOJIO0XKEHHS Ia-
Helne 3epkana Ha OCHOBE CITy4aiHO CTeHEPHPOBAHHBIX MCXOHBIX JaHHBIX.

Pa3paboTaHHbIi Ha OCHOBE JIAHHOW METOAMKH MHCTPYMEHTAPHH SIBISIETCSI KPUTHYECKU
Ba)XHBIM [UIsl 0OecrieueHus TOUHOH paboThl aHTeHHBI. OH MO3BOJISIET CYIIECTBEHHO COKpa-
TUTh 00BEM MOCICAYIOMUX (PU3MUYCCKUX OMEPalUil MO FOCTUPOBKE U KaIHOpoBKe U (Hop-
MUPYET TCXHOJIOTMYECKYIO OCHOBY JJid BHCAPCHUA IMOJTHOCTHIO aBTOMaTPI3PIpOBaHHOI>i
CHCTEMBI YIIPABJICHHUS.

Knruesvie cnosa: pagnoontudeckuit Teneckor, POT-54/2.6, anTeHHa, METOIBI FOCTH-

POBKH.
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