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Phase Retrieval Using Transport of Intensity Equation Solved
by Full Multigrid Method

Xue Bindang Zheng Shiling Jiang Zhiguo

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract The computation of the basic multigrid method is started with an arbitrary approximation on the finest
grid. When the basic multigrid method is used to solve the transport of intensity equation( TIE) for phase retrieval,
the retrieved phase distribution is sensitive to the initial values on the finest grid. To mitigate the above-mentioned
problem, a full multigrid method (FMG) solving the TIE for phase retrieval is presented. Instead of starting with an
arbitrary approximation on the finest grid, the first approximation is obtained by interpolating from a coarse grid
solution. The coarsest grid is created based on the finest grid using the restrain operators, and the solution on the
coarsest grid is gotten. Then the initial value of the fine grid can be obtained through prolongation operator, and the
V -cycle is adopted to solve the equation on this fine grid. Based on this nested iteration technique, the exact solution
to the TIE is obtained. The simulation experiments show that this method can retrieve the complicated phase

distributions with high accuracy, and has fast convergence speed.
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S denotes smoothing, while E denotes exact solution on the coarsest grid, descending arrow “y denotes

restriction and ascending arrow 7 denotes prolongation
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Fig.1 Structure of multigrid cycles. (a)MG V -cycles; (h) FMG cycles
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Fig. 3 Intensity distribution in the different output planes:
(a) Az=—0.1 mm; (b) Az =0.1 mm

ICry wzg) =1, XFRLT - 1 i 8T /9 3F WU AR iz
PR RS o ARG T AR A R A S R
ANE T Ax=+0.1 mm _FG58 A, K
3PN o AW WS R it 2 A I 3 0 LA 3 Y
A [ i HE - TED B G 5 BE Sl A SR A TTE 52 3

AT ECHAGEE . K 4(a) K FET-TIE A8 {7 &
AR LB 4(b) S MG-TIE AR 250, K 4(0)
 FMG-TIE MIALIR &2 25 58, Horh Z2 8 W A% 19 V 1
BRI E R 10 K. K1 T =Mk
KA TIE ALK 5 11 53 B ) 0 AH 7 K 52 19 AH )
BImiR2s ., R 1 X g Rol LLAE 4 T AR
AE WA 7 ) 14 FET-TIE A3 A4 52 09 K5 B B e »
{HJEFE 0 3 2, FMG-TIE A A7 7 & 1 31 53 i ] &
MG-TIE A {7 ¥k & sf 18] it 22 % » ifi . FMG-TIE #
PR 5 BKS BE i T MG-TIE MR B A5 B
1 GRS 1A S 15 25 SR 05 U SRR [a] bL A

Table 1 First simulation phase retrieval relative RMS errors

and the convergence time of the algorithms

Method Time /s RMS /%
FFT-TIE 1. 1853 4. 65
MG-TIE 1.6771 15.43
FMG-TIE 0.3715 13.22
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() FFT-TIE; (b) MG-TIE; (0)FMG-TIE

Fig. 4 Phase retrieved using TIE solved by (a) the FFT method,(b) the MG method and (¢) FMG method
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Fig. 5 Simulated intensity and phase distribution in the

input plane: (a) simulated intensity; (b)

simulated phase
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Fig. 6 Intensity distribution in the different output planes:

(a) Az=—0.1 mm; (b) Az=0.1 mm
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Table 2 Second simulation phase retrieval relative RMS errors

and the convergence time of the algorithms

Method Time /(s) RMS /%
FFT-TIE — —
MG-TIE 1. 8249 19. 33
FMG-TIE 0.3798 17.96

B 7 N[ D5k TIE MIf % E 458 . () FFT-TIE; (b) MG-TIE; (¢) FMG-TIE
Fig. 7 Phase retrieved using TIE solved by (a) the FFT method, (b) the MG method and (¢) FMG method
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