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Abstract— We describe two methods of fast condition 
diagnostics of the reflecting surface of the RATAN-600 radio 
telescope. The first one is based on a radio holography, and the 
second one relies on measurements of the random scattered 
background in the observations of the extended radio sources. 
Both methods were used in the antenna measurements, which 
proved the reflecting surface of the of the radio telescope main 
mirror to be in acceptable condition even after 20 years since the 
last resurfacing. 
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I. INTRODUCTION

Various methods were suggested in 1980s for the radio 
holographic testing and adjustment of the main mirror of 
RATAN-600 radio telescope using the autocollimation or self-
focusing on the distant ground-based source modes. All of 
them required custom-made phase-stable two-channel 
equipment in order to form and record the radio hologram; 
processing the latter, one could reconstruct the field in the 
telescope aperture, and calculate and correct the errors in the 
main mirror reflecting panels’ positions.

The most attractive method of radio holography would be 
that using the antenna itself and a coherent MW transmitter to 
form a hologram, and a standard radio astronomical receiver 
to record it. In this presentation we provide the description of 
such a methodically and technically simple method, and first 
results of its application to the fast check of the condition of 
the main mirror as a whole, as well as a single panel’s surface 
quality, in the “South sector + Flat reflector” (S+F) antenna 
system. 

Along with said radio holography method, we employed 
the radio astronomical technique for the estimation of 
reflecting panels’ surface quality. In the late 1980s and early 
1990s a method was suggested and tested successfully for a 
surface quality assessment of individual panels in the North 
sector of RATAN-600 during the Sun observations at 3.2 mm,
based on random scattered radiation measurements [2, 3, 5]. 
We give the results of the application of this method in the 
observations at the wavelength of 10 cm to the actual 
condition assessment of the panels of the S+F after 20 years 

since the resurfacing and stabilization of the main mirror 
reflecting surface [4] 

II. A METHOD FOR THE RADIO HOLOGRAPHY SIGNAL 
RECORDING

In the method proposed, in order to record the 2D radio 
hologram of a single main mirror panel the reference wave is 
produced by the reference panel moving in the radial 
direction, and the interferogram (hologram) H(a,ui) is recorded 
using the standard radio astronomical receiver while the panel 
being measured is turning around its azimuthal axle. The 
procedure is repeated at several elevation settings ui. A similar 
method for the recording of the radio holographic signal 
formed by the main mirror using the moving carriage with a 
primary feed mounted on it has been described earlier [4]. 

Fig. 1 shows the system layout for the recording of the 
radio holographic signal from a part of the main mirror (a) and 
a single panel (b).

The result of the interference of waves produced by the 
aperture under test V(a, ui) and the moving reference panel 
A0(a) upon passing the receiver with a quadratic detector 
placed in the vicinity of focus of the antenna system is
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Taking into account a linear phase shift in the field caused 
by the movement of the reference panel, be its slope c
deg/mm, one may write 

0 0( ) .icaA a A e

As the signals from the reference panel and the measured 
one are similar in magnitude, the Fourier transform of the part 
of (1) which is varying slowly in a, i.e. the part of the 
spectrum concentrated near zero spatial frequency, is not too 
powerful with respect to the whole spectrum, and the 
holographic record does not require any preliminary 
processing. Consider the part of the H(a, ui) that is varying 
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fast in a that is, essentially, the information-bearing part of the 
hologram. Its Fourier transform will be 
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where ξ is a Fourier space coordinate conjugated with a. 

In the case of a holography of the main mirror |V(a,ui)|2
part of (1) causes low-frequency part of spatial spectrum to be 
much more powerful than its high-frequency part, which 
contains the information payload. It may be cancelled if one 
record the power distribution in the focal plane (actually,
|V(a,ui)|2 itself in the ideal case) and subtract it from H(a,ui) 
before performing the Fourier transform.  

The more interference fringes contains the hologram, the 
better is the spatial resolution in the reconstructed wavefront, 
thus mirror surface figure, so a monochromatic signal source 
is preferable for the radio holography. Its required short-time 

stability is determined by the ratio between the minimum 
surface error to be measured and the path difference between 
the reference signal and the measured one, which estimates to 
10-4-10-5 in the case of radial movement of the reference panel 
within the range of 1 m. Such characteristics may be obtained, 
for example, in a voltage-controlled oscillator (VCO) or in a
phase-locked loop (PLLO) followed by a frequency multiplier.

The VCO has been developed, based on the IC  AD with a
phase noise of –103 dBc at 100 kHz frequency offset, 
temperature instability of 850 kHz/K, and frequency 
instability 78 kHz/mV of control voltage. Harmonics level is 
less than –30 dB. Fig. 2 demonstrates a high enough stability 
of the generator during the recording of the hologram of a 
single panel (a) and a part of the main mirror (b). Neverthe-
less, the test results suggest the use of PLL, because of the 
excessive anomalous noise of the VCO itself.  

In the main mirror testing, the spatial resolution achievable 
with the radio holographic method is not worse than one panel 
width [4]. In the single panel surface testing, in order to obtain 
the spatial resolution of Δx = Δy = 10 cm, i.e. 20×50 points 
over the panel surface, the panel should rotate over the 
azimuthal and elevation axles in the range of  

0.1 rad,
cos cos

A
x

where ψ is the angle between the antenna axis and the 
direction from the focus to the element being measured [4]:  

1

max

sinarctg ,(0)cos 1
R

φ is the angle between the antenna axis and the direction from 
the telescope center to the element being measured; Rmax is the 
maximum distance from the telescope center to panels of the Fig. 1. System layout for the radio holography measurements of the main 

mirror (a) and a single panel surface (b) in the S+F antenna system

a

b

Fig. 2. Holograms of a single panel (top) and a part of the main mirror 
(bottom) recorded with the panel under test or cariage moving in forward and
backward directions
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main mirror (288500 mm), ρ1(0) is the distance from the focus 
to the panel in the center of the aperture (132000 mm). 

For the panels on the edge of the sector the horizontal 
spatial resolution is about 2 times worse than for the panels in 
the center. 

Before the recording of the radio hologram of a single 
panel the carriage is positioned so that the primary feed would 
be in a point of maximum of the field distribution in the focal 
plane. This is essential when there is significant spacing 
between the reference panel and the one being measured. In 
such manner, one can perform a fast check of 25 successive 
panels with a single reference one. The registration of the 2D 
hologram of the panel surface would be performed under the 
program control. While recording a hologram of a part of the 
main mirror, the carriage with both the primary feed and the 
receiver mounted on it is moving in the appropriate direction 
with a constant speed [4]. 

III. RESULTS OF THE APPLICATION OF THE RADIO 
HOLOGRAPHY TO THE FAST CHECK OF THE CONDITION OF THE 

MAIN MIRROR AND THE PANEL SURFACE

The signal coherence time required for the radio 
holography is determined by the time delay corresponding to 
the maximum path difference between the reference wave and 
the measured one, which is about 1 m, hence the signal source 
frequency stability requirement of ΔF~1 MHz over the time of 
the hologram recording in the autocollimation mode.  

Fig. 3 shows the amplitude (a) and phase (b) of the 
reconstructed field in the single panel aperture. There are three 
recesses in the amplitude distribution, which may be 
associated with protruding representative pads on the panel 

surface (c). The panel curvature and profile distortions with 
RMS ~0.1 mm are clearly seen in the reconstructed phase 
distribution. Random surface errors per se, that is a panel 
surface topography, could only be obtained in the 2D 
hologram recording and successive field reconstruction. 

In fig. 4 an amplitude distribution reconstructed from a 
hologram of a part (40 panels) of the main mirror is depicted. 
The projection of the central hole in Flat reflector (cf. fig. 1) is 
clearly seen, as well as multiple recesses in amplitude caused 
by failures of backlash cancelling mechanisms of correspond-
ing panels. 

If the degree of coherence of a signal is high enough, the 
accuracy of the method is limited by steadiness of movement 
of the reference panel and the carriage with a receiver, and 
also by the condition of the surface atmospheric layer. We
estimate its RMS value to be no more than 0.15 mm. 

IV. ESTIMATION OF THE SURFACE ERRORS ON THE BASE OF 
THE MEASUREMENTS OF THE RANDOM SCATTERED RADIATION 

BACKGROUND 

In fig. 5 a signal from Sun at the wavelength of 3.2 mm is 
shown, produced with the single panel #675 in the North 
sector of RATAN-600 radio telescope. Random scattered 
background is marked with dashed lines, corresponding to the 
scale of 20 cm related to the surface adjusting screws 
placement, as well as to the scale of 70 cm related to the panel 
curvature [3, 5]. Sun observations with individual panels of
the North sector after their geodesic adjustment on a rack lead 
to the estimate for the RMS error of the surface of 0.14 ±0.03 
mm [5]. 

Fig. 3. Reconstructed amplitude (a) and phase (b) distributions from the 
hologram of a sigle panel; panels of RATAN-600 (c)

a

b

c

Fig. 5. Sun drift curve at the wavelength of 3.2 mm obtained with the panel 
#675 of RATAN-600 North sector 

Fig. 4. Reconstructed amplitude in the aperture of the part of the main mirror
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In 2016-2017, 20 years after resurfacing of the main mirror 
panels [3], random scattering background measurements have 
been performed in S+F antenna system at the wavelength of 
10 mm. Fig. 6 demonstrates the Sun drift curves for panels 
#142 (a) and #144 (b) in South sector. The scattered 
background of 20 cm scale is shown under the curves. 

Let us find an estimate for the RMS error of panel surface 
using the random scattered background measured in the 
observation of an extended source. If the response of the 
antenna to an extended source was determined, then one could 
calculate the RMS surface error σ from the areas of the 
response S0 and the random scattered background Sb [3]: 

0ln 1 .
4 bS S

Fig. 6, c shows the histogram of the RMS surface error 
related to the surface adjusting screws placement for 20 panels 
in South sector. Our assessment implies that almost 90% of 
panels in South sector have the RMS surface error better than 
0.3 mm, while 10% of panels have the RMS surface error of 
0.5 mm and worse, hence the readjustment of their surface is 
necessary. The precision of the error estimate is ~0.1 mm, 
limited by an accuracy of the scattered background of the 
relevant scale extraction. 

V. CONCLUSION

The main advantages of two methods described are their 
efficiency and the simplicity of realization. 2D holography of 
the main mirror panel takes 2-3 hours, which is the same as 
high precision laser geodesic method does [6], but unlike the 
latter, it does not involve manual operations on the antenna, 
using heavy equipment like elevating work platform, etc. and 
can be fully automated. The Sun observation with a single 
panel, as well as a single 1D radio holography measurement of 
a panel or part of the main mirror, takes only a few minutes 
and allow for a fast though rather coarse assessment of the 
main mirror condition, which is inaccessible with any other 
methods ever used on RATAN-600 antenna. The disadvantage 
of both methods is rather limited accuracy of 0.1–0.15 mm 
RMS, although it is quite enough for the purposes of the fast 
online check of the main mirror and panel surface condition. 
The measurements performed using the methods described 
proved the panels’ surface to be in acceptable condition after 
20 years since the resurfacing and stabilizing of RATAN-600 
main mirror surface [3]. 

[1] G. A. Pinchuk, V. I. Sinyanskii, A. A. Stotskii, and V. B. Khaikin, “Use 
of autocollimation radioholographic method for the RATAN-600 radio 
telescope testing,” in Proc. of Int. Workshop “Holography testing of 
large radio telescopes”, N. Arkhyz, 1990. 

[2] V. B. Khaikin, E. K. Maiorova, M. I. Chukhlebov, A. P. Venger, R. R.
Bakhteev, A. N. Korzhavin, and V. G. Nagnibeda, “Methodical results 
of the Sun observations at 3.2 mm wavelength with renovated reflecting 
surface of RATAN-600 North sector,” in Proc. of XXVII Radioastron. 
conf., St. Petersburg, 1997, vol. 3, pp. 38–39. (In Russian)

[3] V. B. Khaikin, “Method and long-term results of the RATAN-600 radio 
telescope reflecting surface stabilization,” in Proc. of Microwave week 
conference, Moscow, November, 2016. (In Russian)

[4] V. B. Khaikin, M. K. Lebedev, “Method of radio holography check of 
the RATAN-600 radio telescope main mirror with the radially moving 
reference element,” in Proc. of Microwave week conference, Moscow, 
November, 2016. (In Russian)

[5] I. V. Gosachinsky, E. K. Maiorova, Yu. N. Parijsky, “Results of 
investigation of the RATAN-600 radio telescope at the wavelength of 
3.2 mm based on observations of Sun, Moon, and Jupiter,” Soobschenija 
SAO, 1989, v. 63, pp. 38-47. (In Russian)

[6] V. B. Khaikin, N. N. Bursov, D. G. Vikoruk, M. Yu. Druzinin, S. V. 
Yakovlev, and A. V. Kornev, “New Antenna Measurement 
Technologies Used to RATAN-600 Radio Telescope,” in Proc. of
EuCAP-2013, Göteborg, Sweden, April, 2013. 

Fig. 6. Sun drift curves for the panels #142 (a) and #144 (b) of RATAN-600
South sector; the random scattered background related to the adjustment 
screws placement of scale 20 cm is shown under the curves; histogram of the 
RMS surface error for 20 measured panels (c)

a

b

c

RSEM
2017

2017 Radiation and Scattering of Electromagnetic Waves RSEMW 
June 26-30, Divnomorskoe, Russia

Electromagnetic Field Theory 103



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


