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Phase Retrieval and Hilbert Integral Equations
— Beyond Minimum Phase

Phase retrieval: Reconstruct a signal from its 
magnitude spectrum.
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3. Shift-Invariant Spaces1. Overview

where

Minimum-phase signals allow for exact phase 
retrieval. The Fourier transform of a minimum-
phase signal is given by

The log-magnitude and phase of minimum 
phase signals satisfy the Hilbert integral 
equations:
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2. Parametric Extension to 2D 4. Phase Microscopy

5. Hilbert Inegral Equations
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Overview
Problem statement: Reconstruct a signal from its magnitude spectrum.

Extensions:

<
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Parameters: {ai, bi}M+N
i=1
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• From log magnitude to sum of exponentials

log |X(ej!)| �!
X

n

an1
i bn2

i

2-D Parametric Extension

• Outperforms existing techniques

B. A. Shenoy and C. S. Seelamantula, “Exact phase retrieval for a class of 2-D parametric signals,” IEEE Transactions on Signal Processing, vol. 63, 
no. 1, pp. 90-103, 2015.
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ck�(t� k)

Shift-Invariant Spaces

B. A. Shenoy, S. Mulleti, and C. S. Seelamantula, “Exact phase retrieval in principal shift-invariant spaces,” IEEE Transactions on Signal Processing, 
vol. 64, no. 2, pp. 406-416, 2016.
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CDD signals Minimum-phase signals



Phase Microscopy

B. A. Shenoy, A. Anand, and C. S. Seelamantula, “Exact reconstruction in quantitative phase microscopy,” Manuscript under preparation.
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Hilbert Relations

x(n) causal =) Xr
Hp

 ! Xi

f(t) causal =) f̂r
Hc

 ! f̂i
}

1-D

B. A. Shenoy, S. Mulleti, and C. S. Seelamantula, “On Hilbert integral equations, generalized minimum-phase signals, and phase retrieval,” 
Manuscript under revision, IEEE Transactions on Information Theory.



Conclusions



Thank You

Any Questions?


