Provable and Robust Wavefront Sensing via
Self-Reference Interferometry

Nebiyou Yismaw"“?, Vishwanath Saragadam"“®, Aswin C. Sankaranarayanan“™¥, M. Salman Asif "}
Carnegie Mellon University (CMU)

[T RIVERSIDE

Carnegie
Mellon

ll .i. ‘i- .i. Ail

University

ECCV 2026 | MALMO | SEPT 8-12

University of California, Riverside (UCR)

TL;DR Self-interference of wavefront with spatially shifted copies (with co-prime shift) and the pairwise phase differences integrated along a connected graph enable phase retrieval in a single, non-iterative pass, with provable robustness guarantees.

— Background

Phase matters
e Lightis a wave — with intensity and phase

— Approach

1. Self-reference interferometry. Interfere
incoming wave with a spatially shifted copy

2. Forward Model. Spatial and phase shifts 3. Recovery on a Graph.

e Pixels = nodes; Phasor di

erences = edges.
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pixel 2 and 7 + Ay o Two shifts: fewer hops and less noise accumulation.
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— Challenges

Common approaches have the following limitations
e Phase-shifting interferometry (PSI): needs a stable
external reference beam, which can be bulky and

vibration-sensitive

e Self-reference / Point-diffraction: The self-reference
is very dim = low SNR

e Slope-based sensors (Shack—-Hartmann, pyramid):

— Optimal Shifts and Robustness
\é&*;zg:fff il SEON QO S Q Question. Which shift pair (s, t) should we pick?

— Simulated Experiments: Phase Recovery
‘, e Connectivity is guaranteed with co-prime shifts
e Optimal pair s= |/ 5 |.,t=s+1 minimizes the

Simulated scenes, quadratic and smooth phase,
maximum hop and bounds worst-case error.
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(e.g., 16 or 32 measurements with 2 or 4 spatial shifts in
horizontal/vertical directions and 4 phase shifts).
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Our method
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M%x hop = 64

limited resolution, noise-sensitive
e |terative phase retrieval (Gerchberg-Saxton, deep

phase type and measurement count.
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Seeing through a diffuser

Measurements

Diffuser plane
After correc tion

Recovered wavefront

Target Plane
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Optical profile recovery (biconvex lens f=75 mm)
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comparison with
existing methods
(our method is
faster and accurate)
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— Real Hardware Experiments S — Conclusion
Target refocusing (focus point at 67 mm) Qualitative e Asimple, robust method for wavefront sensing

without an external reference beam.
e Analytical, non-iterative phase recovery via
graph propagation with provable guarantees.
e Furtherimprovements possible by averaging
multiple paths and least-squares refinement.
e Validated through simulations and real
hardware experiments.
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