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Fig.1 Flowchart of the active surface method, see the context for the definition of variables
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Table 1 Parameters of the 25 m antenna
D/m Ds/m f/m F/m Er/db

25 3 8.75 T78.75 —14
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Table 2 Coefficients of Zernike polynomials corresponding to the phase distribution
of aperture field
al a2 a3 a4 ab ab a7 a8 a9 all

04 08 -01 -03 -02 07 -05 06 -02 01

phase/rad amplitude/db
15 0

15 15
10 1 10
Es 05 E£5 -5
g g
20 0 20
o) ()
% 5 -0.5 % 5 10
10 1 10
-15
.15 -1.5 -15
-10 0 10 -10 0 10
aperture/m aperture/m

2 DRI (20) MRS A0 (47)

Fig.2 The phase distribution (left) and the amplitude distribution (right) of aperture field
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Fz3 EHETHMUMEAZEFRERZ MR
Table 3 Coefficients of Zernike polynomials corresponding to the phase by active
deformation
al a2 a3 a4 ab5 a6 a7 a8 a9 al0

0 1 1 1 1 1 1 1 1 1

phase/rad phase/rad
15 6 15 6
10 4 10 4

£ 5 2 £ 5 2

g g

2 0 0 20 0

[} (8]

g 5 2 £ -2
-10 -4 -10 -4
-15 -6 -15 -6

-10 0 10 -10 0 10
aperture/m aperture/m

K3 BN T AL R (Z8) A R AL IR T ()

Fig.3 The phase factor by active deformation: positive phase factor (left) and negative phase factor
(right)
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0 0.05 -100
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Bl 4 oA EShRAS)(L), EHIEMZW(T), ESHAAEA(H). UV S 24 @ 1 A2 B 28 ()
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Fig.4 The amplitude of far field: on focus (left), positive deformation (middle), and negative deformation

(right). The UV plane is the amplitude of far field obtained by two-dimension Fourier transform.
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Fig.5 The amplitude RMS of far field and phase RMS of aperture field (left), and the retrieved phase
distribution by algorithm (right)
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Mt DI RAEA R B HARALT, SAS A S TR AR TS P SRR, LLaR4H 1241
e JE 78 R B0 ) 2 s RS T AR 5 RS (1) VAR S A 20 A, BEALE 34 3 3h T AR AL AT A7 A
F, WEAESE 4 EE AR AN TR 128 R B AR, LA 423K A A0 AT RMS Ay b v,
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Fig.6 The retrieved error RMS and percentage of surface deformation
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Table 4 Twelve sets of random Zernike polynomial coefficients

al a2 a3 a4 ab ab a7 a8 a9 al0

1 0.3 -09 -04 0.7 0.1 -0.5 0.8 0.6 -0.3 0.2
2 0.3 0.1 0.5 0.5 0.2 —-0.5 0.2 0.5 0.5 0.4
3 0.2 0.3 0.4 0.6 0.1 —-0.4 0. 0.6 -0.3 —-0.2
4 0.5 -05 —-06 -0.3 0.3 -0.1 0.3 -0.6 0.2 —-0.4
5 0.3 0.5 -06 -01 04 -03 -02 -01 04 06
6 0.4 0.8 -01 -03 -02 07 -05 06 -0.2 0.1
7 0.2 —-0.6 0.3 -0.2 06 0.3 -0.1 -04 07 —-0.3
8§ —-01 —-02 03 —-04 05 0.6 -0.7 -0.8 0.1 —0.1
9 04 —-02 03 -0.4 05 0.3 -04 =02 05 -0.3
10 -01 -07 -01 0.2 04 —-05 06 -0.1 -03 05
1 -0.2 08 -04 -05 01 -0.2 0.3 -0.6 0.1 0.2
12 0.1 04 —-02 05 -03 -0.7 =02 0.1 -0.3 05

x5 JAMHIFREZHIR AL

Table 5 Three sets of random Zernike polynomial coefficients

al a2 a3 a4 ab ab a7 a8 a9 al0

1 0 0.4 0.6 0.8 0.2 0.5 0.6 0.4 0.8 0.5
2 0 -04 -06 -08 -02 -05 -06 -04 -08 -05
3 0 -08 03 0.9 0.1 0.7 —-06 —-02 05 —-0.4
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Fig.7 Under the three different sets of active deformations, the retrieved error RMS and percentage of

surface deformation

KI5 B2 A T BHEAS R 0 SR B TR, AN R 3 T FE AR 1 ik 20RS 5 Rk &2 Ase Pk
FES E AL T, REALR AR LK E R ZRMSYY/NTF20 pm, R ERCRELF, H124]
RITE AR 1% ZZRMS I3 7 22 (Mean Square Error, faji#AMSE) 7514517 pm. 5.20
pm 117 g, BT 45 RARXS Roe, (HAE S 341 LB AR R 7 F, T ERS B ffa e
PESE L. R RS JE v 2 I UAE A AR T AR B 1 S s 5 — @ iR 22, IX 48R 22 iy
Fe w2 00 3 5 YE, 7EAI I S AR G 5 | N 22, T DAFE MR R I P ik 23R
ZE oA — B MBS, W T B ) T AEAS A 1) B AR TR R B AR MK B iR ZERMS I
Y77 ZEANTA.

SIWEFCERJE v 2 0 X IO P SRS B2 1R s e, AR AR (1241105503 8 v 2 Tt &R
BONbRAE, 23 M6, 1050, 1550, 21507 Je w2 Wil K R 1220 R A, 4% )5 A
590 (34 T s AR AR IR 7, WERAERRAL BB AR N, AR [RS8 7~ it 1241 i
B AR W AT A 1. AR IR, 61005 JE v 2 X (16 10 3R 201 Rah 101005 Je v
Z WA R B RT6 IR 7R ; 103005 J8 v 2 T 1) 2 200K R4 (191050 R 4L 1550058 )8
7 2 I R B AT 100 R ECK FH R4 1050 R AR R, M 5500 R 40415 50.01. [A)HE,
21T JE ve 2 T R /R I 1241 AR B AR, BE4L B AR (R 10000 R 24 4R FH a1l 10301 &
FEROR, SR 1L R EA B H0.01, X FE IR0 A 1595 TUE 0 THAR A R AR KA 10
I OLR, X b T3 e vl 22 T o6t Z 7 VAR 2 45 B . 1 BoR A T 34 E s AR
BRT, a3 S T AR R — L SR T, AN RS v 2 I aC IR R 1 1241 3K TH B
AR PR ST ZERMS IS 5 72, 3905 26 A tn 8 ais.

i IS8T LA Y, 7E34L g K, 1240 F1H AR MK &L 1% Z2ERMS I3 J5 ZE bl 4 2 e

45-9



58 4 AN S 2 5

0, 25 I IRUH P 58 I I o /s, AEL i TRUER AN TG I 2 1035, 3377 72 9/ R a4 LL 55 1)
2, TGN BSIRAN2LIRN, 175 gl N R 3 ] R ARG 918, i DL BRATTAE 07 B R
T 10T 8 50 2 At I AR ARG (1 R0 45 R WA 8 5 2 T 10 2 50 S5 mT LA S iy
TAR (R P SRR 22, S L0 AR R IR B o AN TR] A A 2 e P SRR PR N 17, 5 e[l g, 4k
SRR (RGNt B TR G im0 1, e ATRCEOG VR 2 REE PEATAR I #8753k
PRI ERX A 2.

20 T T

15% —¥— 1st group active deformation
= =X+ 2nd group active deformation
510 B — © — 3rd group active deformation
n
=

15
radial order(l)

B8 WK RZE(RMS) I 2 (MSE)

Fig.8 The mean square error (MSE) of retrieved error (RMS)
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The Research of Phase Retrieval Holography Method
Based on the Active Deformation of the Active
Reflector Surface

WANG Zhi-giao?  CHEN Mao-zheng!  PEI Xin!  WANG Jun'?

(1 Xingiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)
(2 School of Physics and Technology, Xinjiang University, Urumgqi 830046)
(8 University of Chinese Academy of Sciences, Beijing 100049)

AsstracT The surface accuracy of a large reflector radio telescope is one of the impor-
tant factors influencing the performance of the antenna. The effects of panel processing,
installation, as well as gravity, temperature, and wind load, will greatly limit the ob-
servation efficiency of the antenna. Focused on the technology of active surface which
is more accurately controllable than the minor reflector surface of six-ploe, the contin-
uous distribution of active deformation phase factor described by Zernike polynomials
is adopted for the first time. Only getting the far field amplitude through adjusting the
active surface, the surface error can be detected. By building the models of numerical
simulation, the retrieval error of arbitrary surface deformation is calculated, and the
retrieval results of surface deformation in a variety of continuous active surface defor-
mation is also studied. It is indicated that this method can stably and accurately detect
surface deformation, and can also improve the efficiency of radio telescope observations
effectively.

Key words telescopes, methods: data analysis, physical data and processes
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