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Phase retrieval method with point source defocus image
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Abstract: In order to measure the wavefront of exit pupil while measuring the modulation transfer
function (MTF) of the lens with point source optical transfer function test instrument, a phase retrieval
algorithm based on the defocus images of point source target was used. This algorithm could implement
without changing the test equipment of MTF, during the MTF measuring process, several defocus images
were collected by longitudinal shift of the microscope and CCD near the focal plane. Based on the
defocus images and modified GS algorithm, the phase retrieval of defocus plane and the exit pupil plane
were realized. The value of the several phases of the defocus image was calculated, and the phase of exit
pupil was unwrapped to get the wavefront of pupil plane. The availability of the algorithm was confirmed
by comparing the retrieval wavefront with the wavefront measured through phase-shifting interferometer.
The result verifies them close each other.
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Fig.1 Principle of defocus image grabber
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Fig.2 Flowchart of iteration

VL

¢2’



40

2056
Vv Il ¢l? ’ 4 CCD ’
VT . .
( b
) o b
2 CCD
=X IVE-VE] [ Se
. &
o
’ o (;bl 20
(bdef (bp» CCD , ,
RMS PV I
2 o ,
685 mm, 1:10,
70 mm o
632.8 nm
4'm, 20 ,CCD
9.28 pmx9.30 pm.
3 , 4 PR e
, Fig.4 Point images with defocus
CCD , 3
o
Off-axis parabolic Testing lens 5 o
collimator
CCD
e —R —————————— ‘ > . D (a) Defocus of 240 pum ).5¢ (b) Defocus of 360 um
0.3 K
]
?&3 Stepper motor i ‘0
Light source 05
, O 150
3 uHERARER 100 100 50
: : Col 50
Fig.3 Experimental setup of the phase retrieval — % Row UL R(w-
’ 0, 0.5 © Defocus of 480 um
) e~ 0
0.5 '
) ’ 150
150
CCD . k- 100
Column 00 Row
240~480 pm, 240 pm
> B 5 {48 5 i 3 AT
, ; Fig.5 Wavefront after phase retrieval
480 pm 360um  480pm
) ) 5 240 pm
b o} ’ b

240 pm 360 pm 480 pm

RMS

PV

. 1
A=632.8 nm,



2057

(a) Defocus of 240 um

0.10,

1
Tab.1 Parameters of phase retrieval wavefront
Defocus/ pm 240 480
0.074 9 0.0729 0.080 8
0.468 4 0.5124 0.560 2
, o 5 6
0.5
0
0.5
. i
I3 S <" 150
|:n\ ’ /ﬁr
Column f‘-‘ll‘\\\///> 50 Row
0 0
6 F i 0 it ¥ A
Fig.6 Wavefront by interferometer
RMS=0.0950A,PV=0.5931 A, 480 pm
ARMS=0.0142 A ,APV=0.0329 A,
g, 7 o
50 s 0.008 s

(b) Defocus of 360 um

Times

50 100
Times
0.1 —
(c) Defocus of 480pum
5
£0.05
5]
0
0 50 100
Times

150

PE 7 A A Dk AR R 2

Fig.7 Error of phase retrieval iteration

[1]

[2]

[3]

[4]

[5]

(o]

[7]

(8]

[91]

[10]

Han Changyuan. Progress in space optics and wavefront
sensing technique[J]. Chinese Journal of Optics and Applied
Optics, 2008, 1(1): 13—14. (in Chinese)
[1].

, 2008, 1(1): 13-24.
Fienup J R. Phase retrieval algorithms: a comparison [J].
Appl Opt, 1982, 21: 2758-2769.
Bruce H D, David L A, Smith J S, et al. Phase retrieval
algorithm for JWST flight and testbed telescope [C]//SPIE,
2006, 6265: 626511/1-17.
Zhang Kun, Hong Hanyu, Sun Xiechang, et al. Survey of
image deconvolution from wave-front sensing[J]. Infrared and
Laser Engineering, 2007, 36(1): 131-134. (in Chinese)

[J]. , 2007, 36(1): 131-134.
Goodman J W. Introduction to Fourier Optics [M]. 2nd ed.
New York: McGraw-Hill, 1996.

Arun A, Giancarlo P, Wolfgang O, et al. Phase retrieval
using a random amplitude mask for wavefront sensing [C]//
SPIE, 2007, 661766170J: 1-8.

Lawton H L, Gopal V, Eric H S. Point-by-point approach to
phase-diverse phase retrieval [C]//SPIE, 2003, 4850: 441-452.
Brady G R, Fienup J R. Nonlinear optimization algorithm for
retrieving the full complex pupil function[J]. Optics Express,
2006, 14(2): 474-486.

Mao Heng, Zhao Dazun. Alterative phase-divers phase
retrieval algorithm based on Levenberg-Marquardt nonlinear
optimization [J]. Optics Express, 2009, 17(6): 4540-4552.
Daniel Malacara. Optical Shop Testing [M]. 3rd ed. USA: John
Wiley & Sons, Inc., 1992.



