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Abstract The GS (Gerchberg-Saxton) algorithm has the disadvantages of slow convergence, low accuracy, and
easily falling into local minimum values. The GS algorithm is very sensitive to the initial phase. Usually, the closer
the estimated initial phase is to its true value, the better the obtained recovery result is. Therefore, in order to
obtain the initial phase more close to its true value, we added a non-redundant aperture mask on the pupil of a
telescope, and then we processed the interferogram formed by the mask to obtain the initial phase. This method can
effectively improve the convergence speed and running accuracy of the GS algorithm. The efficiency of this

algorithm was verified via a computer simulation. The simulation results show that the average recovery accuracy of

the proposed algorithm is at least nine times that of the GS algorithm.
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errors for six-sub-aperture centers
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Initial phase error
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NRM-GS piston

GS random initial

component phase component phase
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2 0.04392 0.0437A 0.1197A —0.00022 —0.0757A
3 0.2589A 0.2587A 0.1248A —0.00022 —0.13412
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Table 2 Six groups of recovery results of single order Zernike polynomial by NRM-GS algorithm and GS algorithm

Single order NRM-GS algorithm GS algorithm

Zernike term

Residual wavefront E gus Number of iteration Residual wavefront E gus Number of iteration

3 0.0040A 91 0.15232 105

5 0.0031A 112 0.11672 191

9 0.01452 125 0.1096A 212

11 0.0056A 97 0.12442 129

12 0.0080A 109 0.1241a 136

13 0.01234 103 0.12482 117
Average 0.0079A 0.12532
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6 0.0887A 0.1027A 0.12442 —0.0142 —0.03572
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Fig. 7 Comparison of Zernike polynomial coefficients (first 15 items) of original wavefront with those
by NRM-GS algorithm and GS algorithm
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Table 4 Five groups of recovery results of randomly combined wavefronts by NRM-GS algorithm and GS algorithm

Number of terms of RMS of original

NRM-GS GS

. . Residual wavefront Number of Residual wavefront Number of
Zernike polynominals wavefront ¢,
Erus iterations Erus iterations
1(first 15 terms) 0.1156A 0.0088A 95 0.1241A 98
2(first 20 terms) 0.1919A 0.01404 112 0.1027A 127
3(first 25 terms) 0.1048A 0.02402 108 0.1556A 145
4 (first 30 terms) 0.1301A 0.0099A 99 0.1342A 165
5(first 37 terms) 0.0800A 0.01412 110 0.1258A 128

5 TEMA T B LG m Y AR R 22

Table 5 Added co-phase errors on each sub-telescope

Sub-telescope  Piston error  Tip error Tilt error
1 0.0000A 0.20002 0.0752A
2 0.2000A 0.12542 0.0627A
3 0.05004 0.07522 0.1254A
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LRLZRIBIT GS AL R MBI B g 5, s gh
T VT 22 S 00 R 6 S D B TC A A 2 SR Y 2 AR G
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DL H - X T A 58 2 (R AG N, 56 e 170 25 S 4 A 437
S DB W S AR T GS B L B
FEAR LS P Fr AT W 2, 24 S <<e B, R JCHINE
Ly R AR A AL 2 R AR DL Bl GS RE Y %
PR BT 9 30,37, 44, H E s {43 5114 0.02334
0.002134,0.0608A , X T A AL 29 Y 12 4K, HAG D)
2R TCAL YB3 GS A 19 5
A LA B B A R 25 1 B R A5 SR E 8 Br
TR o R FH 3 T I 17 22 S 04 4R 7 AR DGR A A AV 2 R
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Table 6 Original wavefront phases, initial phases and their errors

Sub-aperture

Original phase

Initial phase

Initial phase error

NRM-GS piston

GS random initial

NRM-GS piston

GS random initial

component phase component phase
1 0.0000A 0.0000A 0.0235A 0.0000A —0.0235A
2 0.01122 0.0011A 0.04531 0.0101A —0.0341A
3 0.37342 0.3707A 0.13054 0.00272 0.2132A
4 0.03842 0.02892 0.0973A 0.00954 —0.0589A
5 0.0461A 0.03782 0.05422 0.00832 —0.0081A
Phase Phase /10~
©
1.54
1.04
0.54
0
Phase Phase Phase
0.4 0.42 ®
-0.0674
0.22 0.24
° @
04 04 o 0.0574
022 -0.24
-0.0474
—0.42 -0.44

ESS

A AL AR B B S A R 22 Y & D

o Ca) JEUAR AT 5 () A5 T 0 TAT 22 S 190 A2 52 i 50 0k A2 L B9 4T 5 (o0 2 T I T

72 S A AH o2 52 Ji S O TR R R AR T 5 (D) 3B i S AR A T 5 (o) GS MR ST TR T 5 () GS B0k 52 TR SR AR I T

Fig. 8 Recovery results of co-phase errors on synthetic aperture telescope. (a) Original wavefront; (b) recovered wavefront

by NRM-GS algorithm; (c) recovered residual wavefront by NRM-GS algorithm; (d) wavefront after mask;

(e) recovered wavefront by GS algorithm; ({) recovered residual wavefront by GS algorithm

0.8 0.154
(@ —NRM-GS without constraints ) —NRM-GS without constraints
- = NRM-GS with constraints - - NRM-GS with constraints

0.6 GS i GS

0.104 1}
» 0. g

0.4 %
0.054

0.2
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Number of iteration 0 10 20 30 40 50

& 9

Number of iteration

A LA BTG 5 AT 5 22 ) ARG U T e T I TR 22 S ) R A U A AL 2 T AR S SR K GS Bk p ik AR A

(a) S MIZLIE; () =T HREE FIRRIEHTHY E eus #h 22

Fig. 9 Iteration processes for NRM-GS algorithms with and without phase constraints or ordinary GS algorithm when co-

phase errors on synthetic aperture telescope are detected. (a) S curves; (b) Eguscurves of residual wavefronts on

three sub-telescopes
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Table 7 Recovery results of multigroup co-phase errors

Maximum Egus

Minimum E gus

Average Egus Average number of iteration

Co-phase error

NRM-GS GS NRM-GS GS NRM-GS GS NRM-GS GS

Piston(10 groups) 0.0078A 0.0741A 0.00452 0.0424A 0.00564 0.05334 37 43
Tip/tilt(10 groups) 0.0100A 0.1327A 0.0037A 0.1240A 0.0071A 0.1267A 38 49
Piston, tip/tilt (10 groups) 0.0064A 0.0860A 0.0022A 0.0423A 0.0045A 0.0651A 40 47

5 4% 7
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