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Multimode fibers (MMFs) are attractive for endoscopic applications due to their thin cross-section,
a large number of degrees of freedom and flexibility. However modal dispersion and intermodal
coupling prohibit direct image transmission through MMFs. Notwithstanding, imaging through
MMFs is possible by measuring its transmission matrix (TM) [1,2] and using it to generate
controlled illuminations on the far end of the MMF such as focal spots. The focal spots can be
used to scan the object while the back-reflected signal enables the reconstruction of the object.
Confocal laser scanning microscopy (CLSM) is a useful technique for improving optical resolution
and image contrast when imaging inside scattering tissue volumes. Remarkably, CLSM can be
performed through an MMF when its TM is known [3] using a virtual pinhole to reject the out-offocus light. However, the method compromises the signal-to-noise ratio (SNR) and allows limited
control over the pinhole size.
We present a digital multiview scanning method to improve resolution and image contrast while
retaining a high SNR in MMF imaging. The method is based on extracting multiview perspectives
of the scanned object, re-shifting them appropriately and combining them together to achieve a
high-SNR reconstruction using multiple sub-airy unit pinholes. This approach is reminiscent of
multiview image scanning techniques [4-6].
In this presentation, we describe the experimental imaging system, which is comprised of a spatial
light modulator to generate focal spots at the MMF’s distal (far) end, a distal camera for TM
calibration, a proximal (near) camera to measure the reflected speckle fields and other ancillary
optics. We discuss the reconstruction method, compare our method with single-view digital
confocal microscopy, and experimentally demonstrate MMF imaging with improved SNR and
optical sectioning.
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