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Fig.1 Tianma 13 m radio telescope
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Fig.2 Optical telescope pointing system mounted on

Tianma 13 m radio telescope
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Table 1 Comparison between Astrometry.net and astronomical positioning calculation software

RA/Dec East South West North
RA/° 60.1251  37.1402 12.3767 40.9529
Astrometry.net
Dec/° 21.3950 25.6101 24.7423  36.3856
Astronomical positioning RA/° 60.1248 37.1398 12.3762  40.9527
calculation software Dec/° 21.3953 25.6103 24.7425 36.3858
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Turn the radio telescope to point at the sky, let the optical
telescope take an image.

Store FITS(Flexible Image Transport System) images
taken by optical telescope.

ACU(Antenna Control Unit) of Tianma
13 m radio telescope.

Solve the coordinates of the FITS image center (optical
axis) under the J2000 epoch.

Record the azimuth and elevation
Extract time information of FITS image.Then calculate the angle of the radio telescope in the

azimuth and elevation angle of the optical telescope in the horizon coordinate system.
current epoch.

The azimuth and elevation angles are compared over the whole sky, and
the pointing errors of the azimuth and elevation angles of the radio telescope
are obtained, so as to establish the pointing model.

K3 Bl sk Hi R A

Fig.3 Flow chart of data processing

Elstromf'trg.nat

Home Explore Upload API Support Search

Images > Light_a270e45_1sec_Bi...01.fit

Submitted by anonymous (1)
on
as " Light_a270e45_1sec_Bi..01.fit"
(Submisslon 5769481)
under Attribution 3.0 Unparted

Job Status

Job 6472787

Calibration

Center (RA, Dec):  (337.815, 23.623)
Center (RA, hms): 220 31M 15 609°
Center (Dec, dms): +23° 37" 24 552"

Size: 10 x 7.58 deg

Radius; 6.282 deg

Pixel scale: 7.75 arcsec/pixel
T Up Is 92.5 degrees E

Orientation: of N

WCS file: wes.fits

New FITS image: new-image fits

Reference stars

nearby (RA, Dec rdls. fits

table):

Stars detected in

your images (x,y axy.fits

table)

Bl 4  Astrometry.netPufifi HEFITS K4 H1 0 /EJ2000 57 78 T AR & FN 7R 45 R

Fig.4  Astrometry.net website to solve the results of RA and Dec of the FITS image center in the J2000 calendar
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Table 2 Repetition measure errors of optical

telescopes
Antenna point  AZ/° EL/° oaz/" own/”
East 90 60 1.741  2.139
South 180 60 1.402  2.794
West 270 60 1.795  2.421
North 5 60 1.562  2.639

m

BERREE. Lo JRLAITI, A7 RHI AT 1A

Repetition error. Left: azimuth direction, right: elevation direction.
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Table 3 Basic information of experimental observation target sources

Source RA & Dec Magnitude
Venus ~ (planet) —4.92 to —2.98
Altair 19:50:46.99855, +08:52:05.9563 0.76
Arcturus  14:15:39.67207, +19:10:56.6730 —0.05
Capella  05:16:41.35871, +45:59:52.7693 0.08
Mars ~(planet) —2.94 to 1.86
Deneb 20:41:25.91514, +45:16:49.2197 1.25
Vega 18:38:56.33635, +38:47:01.2802 0.03

TESE BRI, FRATE A — AN R RAM H bR iE Capellalf) 77 67 f AN A (3020 1. 72 %
B HEAT . 500 & R 2 A A A Ak i #2 R o Rl IS 1) B 2k B3 W Capella H A8 AT LLAE 208N e
Ll 2 (] f AR AL 2 BRI, SN TN T LR, B FEWF RN B M S m—SriiE RS
U e B — AN AE — 2 I (A0 R A 5 L A AR A 58 /N T 13 mt H B 70 455 IR B Capella H AR VR I, {55 R4
P4 A AR AL K H AR IR, K6820214E11 H 20 H B 22 ity K 4 I 10 38 GHzAL 1 % 20 MHz 1) j T R
105 B R HB R4, K513 miff 27 % PR ER 18, BTN s, 132G 5 DR i 2R B TR,
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Fig.6 The trajectory of Tianma 13 m radio telescope
tracking Capella
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Fig.7 Power curve of antenna tracking and deflecting target

source Capella
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§ = a+ Bcos(EL), (5)

38-7

Horho gt B sl (1) R A oo R B iR 4
BRGNS lRN S H R e B 1 R 2 TR e 25 BN ER
J1iE R LR M mEE T 7. AT 3R 513 mift
SH 370 T RN 22 B E R 2R O 2 B B R 1 R A B
AT AR L £, W PEISHT s, TEILA EdE i s,
ST R B 7 5 1 FR A AN Ol 2 B I B 1) e i 2 TR) S A
(AR 255 I 54T 8" FI13.7" 4k B 2% B 't b A W
Z A H e 25 B R T REE D SIERN RS
RZE.

-0.06

© The angle between the optical axis and the electrical axis
Least square fitting
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Fig.8 Variation curve of the angle between the electrical
axis of the radio telescope and the optical axis of the optical

telescope with the antenna elevation angle
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P EL .
7cos(EL) + tan(EL) (7)
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Table 4 The meaning of each item in pointing correction model

No. Model coefficient

Compensation

Explanation

1 P1 — Azimuth encoder fixed offset
2 P2 - Elevation encoder fixed offset
tan(EL) cos(AZ)
3 P3 Axis inclination
sin(
tan(EL) sin(AZ)
4 P4 Axis inclination
cos(AZ)
Azimuth axis and elevation
5 P5 tan(EL
axis are not positive
Electric axis and elevation
6 P6 sec(EL)
axis are not positive
7 P7 cos(EL) Gravity deformation
8 P8 cot(EL) Atmospheric residue refraction

FEST M 4R I B AR RS B, 75 2200 Seit R
ZRAETTALTT ) ARAON T R ML AR 4 1R R 22, R
BIRMEFR R, et S ARl F e

Saz = \/ Lo AN cosBLIL

0pL = Z:Zn_l[nAELJ? ; (9)

§=1/6%, 4062 . (10)

(8)-(10)=\HAAZ,« AEL, 7 E R i Fa 1A
I U AE T AL AR 7 17 _E ) 225 B 2R A
T8 eI RN AR . FRATT TR FH PR SR B A
S AE— A5 B ARG 6T 4% R DXOWLIIAR 211D, R 2%
$5 100U A T5 AL ANREAT L (8 23 A B B9 BT
AN S0 RE AR B AR A B B B AR ) R — M,
YBT3 B AR S A R P I, KR
DX B A L (6) 20 (7) 2R /s 3 itk AT
B, B0 R R AR BLAE T A2 J7 A 405 45
B WLA TR 2 NA.86" . 11K RR B RLLE (i 7
LA 25 R, LA PR 22 95.607. BI123R 7R 4R )5
RILETT AL A BEAR (R R 22 00 AT, Bk 22 R7.42". &

o FoR RSO, “+ R R,
“X”%%i—\‘ﬁj%%.

9 IRIAEFAERX BRI

Fig.9 The sky distribution of samples used in the pointing

measurement
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Fig.10 Distribution of point data errors and their residuals in the azimuth direction
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Fig.11 Distribution of point data errors and their residuals in the elevation direction
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5 30543 2246 —6.85  —0.17 S e L
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-------- 20"
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8 82.58 32.99 0.09 1.24 5l 1
9 37.22 37.77 —0.92 1.08 5,
w [ i 4
10 36.96  41.04 0.18 4.28 -
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Fig. 12 Overall error distribution of the point model in
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Using the Optical Pointing System to Build the Pointing Model
of the Tianma 13 m Telescope

SUN Zheng-xiong? ~ MAO Yin-dun! = WANG Jin-qing'?3  LUO Hao! ZHENG Jing-hui'
WANG Guang-lit*

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210023)
(8 Shanghai Key Laboratory of Space Navigation and Position Techniques, Shanghai 200030)
(4 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt This paper describes the method of using the optical telescope to assist the Tianma 13 m
radio telescope for pointing measurement and establishing the pointing error correction model. For small-
aperture telescopes, there are few target sources for pointing and calibration, and it is difficult to establish
a pointing model by radio method to cover the whole sky area. The Tianma 13 m radio telescope of
Shanghai Astronomical Observatory is used to conduct optical-assisted pointing measurement research. A
set of optical pointing system was installed on the back frame of Tianma 13 m antenna, which obtained a
repeatable measurement accuracy better than 3”. In addition, through the analysis of the factors affecting
the antenna pointing, a pointing error correction model containing 8 error terms, as well as the optical axis
and electrical axis deviation models were established. The pointing model was brought into the antenna
servo control system to cross-scan the calibration target radio source, and a pointing error of about 5”
was obtained. This research can provide a reference method for high-precision pointing modeling.

Key words radio telescopes, pointing model, optically assisted pointing measurements, methods: data
analysis
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