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Design and Simulation of Optical Path for Collecting Fluorescence
Signal Based on TracePro Software
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Abstract The narcotics such as ecstasy, methamphetamine, and heroin normally can emit fluorescence under
excitation with certain wavelengths. Because of the small number of fluorescent groups in the molecular structure or
the low quantum efficiency, the fluorescence intensity of narcotics is relatively weak and the narcotics with low
concentration are difficult to be detected, which severely hampers the detection of the narcotics. In this paper, for
improving the detection sensitivity of the fluorescence spectrum technology, the divergent characteristics of
fluorescence signal are considered to increase the collection efficiency, which is different from traditional methods
such as choosing high power laser to increase the excitation light energy and selecting high sensitive detector. In the
optical path, parabolic mirror and Fresnel lens are used to collimate the fluorescence light, while the plano convex
lens and double convex lens are used to contract the fluorescence beam, and the beam is focused by a certain size
micro-lens array. Simulation results show that the fluorescence collection efficiency of the optical path is enhanced
up to about 21.08%, which is six times more than that of the traditional collection method. The research work
provides a technical reference for improving our portable and high sensitive narcotics fluorescence detection system.
Key words optical design; fluorescence signal collection efficiency; TracePro software; fluorescence signal
collection optical path; narcotics; modeling and simulation
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Fig. 1 (a) Model and ray tracing of fluorescent material; (b) ray tracing of fluorescent material after adding shading cylinder;

(¢) distribution of fluorescence power
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Fig. 2 (a) Model of parabolic mirror and fluorescent material; (b) collimating effect of

parabolic mirror on large divergence angle rays
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Fig. 3 (a) Model of Fresnel lens and fluorescent material; (b) collimation effect of Fresnel lens on small divergence angle rays;

(c) collimation effect of Fresnel lens and parabolic mirror on rays
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Fig. 4 (a) Model of telescopic system; (b) beam contracted

by telescopic system
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Fig. 5 (a) Model of microlens array; (b) focus effect
of microlens array
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Fig. 6 Distributions of fluorescence power focused by (a) microlens array and (b) ordinary lens
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