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Fig. 1. Sub-pupils distribution of the diaphragm.
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Fig. 2. PSF image samples corresponding to different piston errors: (a) p = 0; (b) p = 0.3\
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Fig. 3. The network structure of CNN.
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Table 1.  Detection precision of the method in different detection ranges.
BAUEE /N £ 0.6 +05 + 0.49 + 0.48 + 047 + 0.46 + 0.4 +0.35
FEEE /X RMS 0.14 0.013 0.0065 0.0014 0.0017 0.0017 0.0014 0.0018
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o "~ e e e S W (U J---u__’ _u 1 h-u |_-J 0t ? b 1 Ilu ! !
—04X—-02X 0 0.2\ 0.4\ —04X —02X\ 0 0.2\ 0.4X —04X —-02X 0 0.2\ 0.4X\
Piston setting values Piston setting values Piston setting values
&5 SRl 6] Bof 52 5 ~F-#% (B % 2 1 ONN T0 22 22 43 A5 18l (a) [-0.5X, 0.5A]; (b) [-0.49X, 0.49A]; (c) [0.48), 0.48)]

Fig. 5. The distribution of CNN prediction errors corresponding to the piston value in different detection ranges: (a) [-0.5A, 0.5)] ;

(b) [-0.49, 0.49)] ; (c) [-0.48X, 0.48X].
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Table 2. Division of six submirror imaging system data
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FEARLEE— e w22, L HIE VN GAEAR 5 IREEA S
AAR—F}, CNN B RCER 232 2R KA. Ji
SCHY TR ST BEAR O B AR PF R I, T SEBR R4
HAEAE () Z2 Fh T R 254N nl b B 2 5 | A i 4
D2, 2 T R ARAS RS B, PRI SRk O i LA 8%
WRE RN, I, 78 3.2 TN TR R S
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Fig. 6. Six submirror imaging system: (a) Segments (hexagons) and sparse subpupils (circles); (b) PSF image.
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(d) submirror 5; (e) submirror 6.
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ASZEL (RS REAUHBE 10~ i ah).

3 N[EMEURMER J7 s RS IR B2
Table 3. Detection precision of the method in different

tip-tilt values.

BiAME/A RMS  0.004 004 01 02 03 04
K5 /A RMS

0.0015 0.0040 0.0095 0.012 0.023 0.041

3.3.2 CCD=%p

e R G COD MIPLYE MR, CNN 44
PR Y PSF BUR HL# N CCD IR 4E, CCD M
P HAER AR SO RS B, A B SRR AR
T | AN [RIRRBE A e e 7, DA [R5 e LE A
BT J7 RS R IIRS B, v B A5 M b Ron 78
SCHy

Rsx = 101g (Py/ Fy), (8)
Hrp PO G5 D%, PO Wers T, ARG 3 L
4, kX CCD WS () e 2228 30 dB, 1 H i
CCD HHMLAF M L3 3 K T 40 dB, Fr LA %) T
CCD M7= (1) & FePE RIS T & SE PR R G EK.

R4 OR[EMEME A I i GRS BE
Table 4. Dtection precision of the method in different

signal-to-noise ratio.

Rgn /dB 50 45 40 35 30 25
HEEE/ARMS  0.0033 0.0037 0.0058 0.0091 0.019 0.073

3.3.3 kAR E

P RITR 25 02 2 BB TR & Hh BRI I 20624 &R
S8 T8 LR D 1 S BEAR R T 22 [RGB, AR
PURTE 56 2 THBR T 508 22 0B sE N HEAT 1Y, SR,
IXEAQ I A S e 8 AT R, BB G AL
R AR B 14558 1 SO T A T AR 251
B, BOREREAOE RS (A IS B2, PR 75 20Ky 72
X I AR 22 1) B

PA Zernike Z IR R AL FH I A5 22, 142
BRI 4—11 By, & I RECERU . ARG 1S
BUR, 4% A IDRS BE AN 36 5 BT, ikt 4—
11 Brfg2E 2258 0.05) RMS.

£ 5 AEMRZEET AR IR B
Table 5.  Dtection precision of the method in differ-

ent aberrations.

BZMH/ARMS  0.01  0.02 0.03 0.04 0.05 0.06
K5 /A RMS

0.0047 0.0095 0.014 0.019 0.024 0.032

3.34 RBRWHE

SRR A7 AR R R, PRI
LI FOA AR BRI, A (4) K3t
ek ARSI IIE LA P T 197 1 1
RS PSF Fk R

8

PSF. (u,v,\) = / Ay PSF(u,v, A)S(A)dr, (9)
)\O_T

P, S (V) BRI, AN RIEHEH L. )
WS (A) =1, W PSF  Zk ] frjfL

A AX

ot 5
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Ao— &5

2

D\? nD
A 2 [ 32
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Ao— %A u? + v?

x {2+200sk(p—?u>}d)\. (10)

IS PR 558 JEE A it P A% DR 2 O A2 A AL
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B AT FOLIRAT SE SR, 25 A
[ GRS N AREY PSE R AE il g, L)
I CNN ARSI E, MAEE R ANk 6 B

£ 6 AR TR RIS
Table 6. Dtection precision of the method with different

spectral widths.

WHIANDnm 106 101 102 1 5 10

FEEE/A RMS  0.0014 0.0015 0.0015 0.0023 0.0025 0.0028

— B, AR 5 AT LU HRIFE 10 nm
DA, B v] A0 T B8O ol S 4R A
10 nm BEZE AL B, NFE 6 AT, G TR T 5T
T ARSI BE AR /0. BRI 5 26 6 e
) 52 4 P AT A2 SEBR R K

J5 6 T AR 25 19 L 25 0.3) (0.26 as)
RMS, M55 Fx &R 48 i 5k A AR 22 2 /1 75
Y kX CCD M Y fe22 4 30 dB, 1fif CCD
AHLAE M 0 KT 40 dB; X325 5 0 FH 138
HOCIRR T L, RIS R 25 . A,
TESEPR R GE Pk S A5 R 2 il R Y. Ak, T ik
SR ERTIZ 2200 T 0.050 RMS, 24000 T2 5 mf
Tl L MR 25 L RTIR, T e A SR
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Abstract

In order to achieve the resolution comparable to the resolution of a monolithic primary mirror telescope
and make the imaging quality of the imaging system reach or approach to the diffraction limit, the submirrors
of the segments telescope should ensure co-phase splicing. To solve the problem of phase error detection, a high-
precision piston error detection method is proposed based on convolutional neural network (CNN). By setting a
mask with a sparse multi-subpupil configuration on the exit pupil of the imaging system, a point spread
function (PSF) image dataset that is extremely sensitive to the piston error is constructed. According to the
characteristics of this dataset, a high-performance CNN model is built. And the best detection range of CNN is
tested. The simulation results show that a single network can accurately output the piston error of one or more
submirrors in the capture range slightly less than one wavelength. When the single network is applied to the
six-submirror imaging system, the detection precision of the piston error reaches an RMS value of 0.0013\
(here, RMS stands for root mean square). And the method has good robustness to residual tip-tilt error,
wavefront aberration, and CCD noise, light source bandwidth. The method is simple and fast, and can be

widely used to detect the piston error of the segments.

Keywords: segmented telescopes, piston, CNN, PSF
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