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ABSTRACT

Image-assisted diagnosis and therapy is becoming more commonplace in medicine. However, most imaging
techniques suffer from voluntary or involuntary motion artifacts, especially cardiac and respiratory motions, which
degrade image quality. Current software solutions either induce computational overhead or reject out-of-focus images
after acquisition. In this study we demonstrate a hardware-only gating circuit that accepts multiple, pseudo-periodic
signals and produces a single TTL (0-5 V) imaging window of accurate phase and period. The electronic circuit Gerber
files described in this article and the list of components are available online at www.frangionilab.org.
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1. INTRODUCTION

Recent progress in biomedical optical imaging shows great potential for real-time in vivo applications. For
instance fluorescence imaging of exogenous contrast agents allows for fast and accurate surgical image guidance.'***
Structured light reflectance imaging permits fast and precise tissue optical properties and chromophore concentration
imaging.>® However, many of these techniques suffer from in vivo conditions that impair image quality and in so doing,
limit the translation from bench to bedside. In particular cardiac and respiratory motions create artifacts that either impair

qualitative localization of structures of interest or disrupt the image processing towards quantitative data extraction.

The most widely used technique to avoid these artifacts is image acquisition gating with respect to physiological
signals such as electrocardiogram (ECG) or plethysmograph signals. Gating is widely used in MRI due to long
acquisition times. However, to the best of our knowledge, there are only a few commercially available instruments
capable of gating and most are software-based. In previous work,” we developed a similar software using Labview but
we noticed that acquisition of images from several cameras along with signal acquisition and simultaneous processing on
a single computer caused synchronization issues. Other inexpensive solutions involve post-processing of the acquired
images leading to the rejection of out-of-focus images. Issues with these are the low yield of acceptable in-focus images
and the lack of similarity between images due to random acquisition.

In order to maintain the quality of gating while allowing for simultaneous multiple image acquisition and the
use of a single computer, we designed a hardware-only gating electronic circuit that can deliver a gating window based
on most types of pseudo-periodic signals. The output of this circuit is a 0 to 5 V TTL signal that can be used to trigger
image acquisition. The timing can be controlled by the user or by a computer and allows the definition of an acquisition
window of virtually any length anywhere in the gated signal. The final board utilizes a stackable design that combines all
gating windows into a unique TTL acquisition window. The electronic circuit Gerber files described in this article and
the list of components are available online at www.frangionilab.org.
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