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Abstract

One-decade contributions on galvanometer scanning (GS) related to high-end biomedical imaging
applications using Optical Coherence Tomography (OCT) are presented. The focus is placed on
one-dimensional (1D) laser scanning involving all GS parameters, constructive (i.e., inertia torque,
elastic and damping coefficients) and functional (i.e., scan frequency and speed, scan
amplitude/Field-of-View (FOV), and duty cycle). The steps of the research have been as follows:
(i) The three most common input signals of GSs are explored: sinusoidal, sawtooth, and triangular.
The latter is demonstrated to provide the smallest possible distortions and therefore, the largest
duty cycle/time efficiency of the scanning process. A trade-off between scan frequency and
amplitude (therefore FOV) is reached [V.-F. Duma, et al., Appl. Opt. 50, 5735-5749 (2011)].

(i) A modeling of the scanning process is made considering the theoretical duty cycle n: (of the
input signal) of sawtooth scanning functions (for which a triangular signal is the n¢ equals 50%
case). The effective duty cycle n (of the output signal/angular position of the galvomirror, placed
on the rotor of the GS motor) is deduced, for three different cases of 1, from 50% to 90%. The
latter value refers to the shortest flyback of the GS. A saturation of the device is demonstrated,
with a maximum n reached for nt around 75%. The modeling functions are validated with OCT
imaging. An algorithm for mosaic OCT is obtained using them, to obtain real-time imaging, with
no post-processing of images [V.-F. Duma, et al., Appl. Opt. 54, 5495-5507 (2015)].

(iii) Pre-shaped linear plus parabolic input signals of GSs are demonstrated to be optimal (to
provide the highest possible n), in contrast to the literature, where linear plus sinusoidal signals
have been considered best [V.-F. Duma, Opt. Eng. 49, 103001 (2010)].

Two-dimensional (2D) dual axis GS optimization can also be obtained using the above results [V.-
F. Duma, Appl. Math. Modelling 67, 456-476 (2019)]. Micro-Electro-Mechanical Systems
(MEMS)-based handheld probes have also been achieved for OCT [A. Cogliati, et al., Opt. Express
24, 13365-13374 (2016)]. A range of recent OCT biomedical applications is pointed out, to show
the relevance and impact of the technique.
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