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Lensless endoscopes provide means for delivery and collection of light to and from tissue without any need for
additional optical elements at the fibre distal end [1]. This requires a comprehensive investigation of the optical
beam propagation through the fibre, since any focussing or scanning at the sample site requires the beam to be
shaped at the fibre proximal end. The beam delivery and collection must be stable towards fibre bending for an
accurate imaging system. In this context, the experimental acquisition of Transformation Matrix (TM) could lead
to deterministic optical propagation even in non-ideal fibre structures [2,3], although one could only rely on this
method after choosing the fibre for the current purpose. Even though this model has been used previously to
experimentally predict the light propagation through a straight fibre [2] and then theoretically for significantly
deformed segments of multimode fibres [3], an opportunity to choose a better-suited optical fibre for the specific
application is not given by the TM method. We present a numerical tool to simulate various types of optical fibre
under the realistic use case of bending deformations, which in turn allows the user to choose the best optical fibre
with suitable parameters for the specific application before starting the experiment.
The numerical simulations of optical field propagation through varied profiles of optical fibres were done using
the finite difference beam propagation method (FDBPM), which essentially deals with solving the paraxial
Helmholtz equation at different transverse planes [4]. Multimode (MM) and multicore (MC) fibres were simulated
by choosing the refractive index profile accordingly. The intensity and phase profiles of the electric field before
and after propagation through a MC fibre of 19 single mode cores are represented in Fig. 1 (a)-(d). The field
distribution was simulated to propagate a distance of 15 cm through the fibre. The phase profile in Fig. 1(d) of the
output electric field is solely responsible for the focusing effect after the distal end, as seen in Fig. 1 (e,f). We
could, for instance, model an optical fibre to be used for lightsheet microscopy, where generating a focus at the
fibre distal end is paramount.

Fig. 1 (a) and (b) represent the intensity and phase of the optical field at the straight MC fibre proximal end. (c) and
(d) represent the intensity and phase of the optical field at the straight MC fibre distal end. (e) represents the intensity
of the optical field after focusing at a transverse plane 500 µm in front of the straight MC fibre distal end. (f) represents
the intensity of the optical field after focusing at a transverse plane 500 µm in front of the distal end of MC, which is
bent 20˚ with bending radius of 1 cm. Scalebars: (a)-(d) 22 µm, (e,f) 100 µm.

Although one could generate a focus at a short distance in front of the fibre distal end without any
focusing optics as in Fig. 1 (e), Fig. 1(f) exemplifies that the MC fibre bent through an angle of 20˚ with
bending radius 1 cm does not preserve the intensity pattern at the focal plane intact as in a non-deformed
fibre. At the conference, we will present results comparing the robustness against fibre bending of MM and
that of MC fibres and show how this simulation tool enables the user to inherently choose an optimum
optical fibre with best possible realistic parameters for any application.
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