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A HANDHELD MINIATURE ULTRAVIOLET LED FLUORESCENCE
DETECTION SPECTROMETER ™
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This paper presents a handheld micro-fluorescence spectrometer with an integrated ultraviolet light-
emitting diode. A small transmission grating was used as a dispersive element to disperse light. The spec-
trum was detected by a CCD array. The instrument can be connected to a PC or a smartéahone through a
USB cable for data processing and spectrum display. The spectrometer is 30x30x100 mm™ only. The spec-
trometer with a wavelength range from 380 to 750 nm had a spectral resolution of 3 nm. The fluorescence
spectra from edible oil, chlorophyll, and paper were measured by the spectrometer we designed. This spec-
trometer has the advantages of compact structure, small size, light weight, fast detection speed, convenient
use, and low cost.
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Ilpeocmasnen nopmamuguwlil MUKpPODIYOpecyeHmHulil CneKmpomemp co cmpoernvim Y@ ceemoouo-
oom. B xauecmee OucnepcuoHmo2o dnemeHma O pacceu8anus c8emosblx GOIH UCNONb3YEmCs HeDOoNbUas
nponyckaiowjas pewemra. Cnekmp demexmupyemcsi ¢ nomouwvio I13C-mampuywl. [ns odpabomku danHbix
u omobpasicenus cnekmpa npubop modicem 6bimsb NOOKIIOUEH K NEPCOHANLHOMY KOMNbIOMEPY U cMapm-
@ony uepez USB-xkabens. Pazmepuvl cnekmpomempa 30%30% 100 mm, pabouuii ouanason 380—750 nm, cnex-
mpanvhoe paspeuterue 3 Hm. C HOMOWBIO CNPOEKMUPOBAHHO20 CHEKMPOMEMPA U3MEPEHbl CReKmpuvl (yo-
pecyeHyuu nuueso2o Macia, Xaopogduina u oymazu.

Knrwoueswle cnosa: ynompaghuonemosvie ucmounuxi, c6emoouoo, CHeKmpoCcKonus, QryopecyeHyus.

Introduction. Owing to their high precision, large measuring range, and fast speed, fluorescence spec-
trometers are widely used in the food, petroleum, chemical, medicine, and environmental protection areas
[1-3]. They are also an essential remote sensing equipment [4], which can be used in space and hydrological
exploration, etc. In recent years, people have paid more attention to food safety and environmental protec-
tion. Thus, there is an urgent need for developing a small and integrated spectrometer to accomplish real-
time measurement and quality monitoring [5]. However, traditional fluorescence spectrometers are usually

** Full text is published in JAS V. 86, No. 3 (http://springer.com/10812) and in electronic version of ZhPS V. 86,
No. 3 (http://www .elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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large in volume and complex in operation, so they are mainly used in laboratory [6]. Currently, one of the
important directions of research is to miniaturize the spectrometer and reduce its cost so that ordinary fami-
lies can purchase and use it for daily detection and monitoring.

This paper presents a handheld micro-fluorescence spectrometer with a high-efficiency and low-cost
UV LED as an excitation source. Compared with the conventional spectrometer, this handheld fluorescence
spectrometer has such advantages as light weight, small size, quick response, flexible operation, and low
cost. This miniaturized spectrometer can be widely used in the fields of food safety detection [7], gem identi-
fication [8], water quality monitoring [9, 10], biochemical analysis [11], medical inspection, industrial moni-
toring, etc.

Structure and characteristics of the handheld spectrometer. The handheld fluorescence spectrome-
ter is composed of four parts: an UV light-emitting diode (LED) light source, a light dispersive system, a
detection system, and a data processing system, as shown in Fig. 1. A 365 nm LED was chosen as the UV
light source. The light dispersive system is composed of a slit, a collimating mirror lens, a focusing lens, and
a transmission grating. A high sensitivity imaging CCD was used in the detection system. The spectrum data
was transmitted through the USB interface to a computer or a mobile phone for processing and display.
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Fig. 1. The structure of the handheld miniature UV fluorescence spectrometer.

A 365 nm band-pass filter is placed in front of the LED to obtain narrowband UV light. The light
source, the spectroscopic system, and the detection system are integrated into a rectangular aluminum box of
30x30x100 mm. The light signal is received, converted into an electrical signal by the detector, and then
transmitted to a computer or a mobile phone through the USB cable that provides power (5 V, 500 mA) to
the spectrometer.

When the UV LED is turned on, the spectrum of the background light and fluorescence of the target in-
duced by the UV light can be measured. When the switch is off, the measured spectrum is only that of the
background light. A comparison of the main parameters of our spectrometer and those of the current interna-
tional miniature spectrometers is shown in Table 1 [12]. Our spectrometer integrates the LED UV light
source with a small volume, which is convenient and easy to use. The spectrometer with a wavelength range
from 380 to 750 nm had a spectral resolution of 3 nm, calibrated by the Ocean Optics Spectrometer Model.

TABLE 1. Performance Comparison of Commercial Spectrometers with the LED Spectrometer

Specification Ocean Optics | Hamamatsu with | Smartphone spectrometer | UV LED fluorescence
USB Board with Hamamatsu Sensor spectrometer
Bandwidth, nm 360-1100 340-840 340-780 380-750 (350-820)
ADC Bits 16 16 10 8 (Multi pixels accu-
mulation)
Operating System Windows Windows Android Windows or Android
Spectral Resolu- 10 15 15 3
tion, nm
Size, mm 89.1x63.3x34.4 108x70x35 88x37x22 100x30%30
Weight, g 224 (without 198 (with light | 48 (with light source, bat- | 100 (with UV LED
light source) | source and battery) |tery, Bluetooth connection) light source)
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The main features of Spectrometer are the following:

1) An imaging CCD is used as the detector. The light with different wavelengths is spatially spread onto
the CCD so that different column pixels measure different light energy. By accumulating the values of the
vertical pixels, higher intensity resolution and sensitivity can be achieved.

2) The background noise reduction function is designed in the software. During the fluorescence meas-
urement, the measured spectra include the fluorescence and background light when the LED is on and only
the background light when the LED is off. The background noise subtraction function is designed and can be
selected in the software so that the accurate fluorescence spectrum of the target can be obtained by subtract-
ing the measured fluorescence spectrum from the background spectrum.

3) This spectrometer can detect transparent packaging liquid samples without pretreatment, such as oil,
water, and alcohol.

Spectrum detection experiment. To test the performance of the spectrometer, the fluorescence spectra
of edible oil, plants, and paper were measured.

Spectrum detection on edible oil. The florescence spectra of edible oils with different nutritional values
could discriminate the quality of the oils. In the experiment, four kinds of oil were detected using our spec-
trometer. Figures 2a,b are the spectra of the same-brand soybean oils from two manufacturers, and Fig. 2¢,d
are the spectra of the corn germ oil and olive oil, respectively. The fluorescence intensity and peaks are ob-
viously different.
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Fig. 2. Spectra of different oils by different manufacturers: (a) Jinlongyu Soybean oil (Qingdao);
(b) Jinlongyu Soybean oil (Yantai); (c) corn germ oil; (d) olive oil.

Chlorophyll detection. Chlorophyll plays an important role in the photosynthesis process of plants [13].
The growth and development of plants can be monitored by measuring their chlorophyll content [14]. It is of
great significance to guide the management of cultivation and fertilization scientifically.

The fluorescence spectra of the green leaf and the yellow apple were measured with our spectrometer.
As shown in Fig. 3, the characteristic peak of the green leaf occurs at 685 nm, which is much stronger than
that of the yellow apple.

Paper fluorescence detection. The whiteness and appearance are two important indicators to evaluate
the quality of paper products. At present, one way to improve these two indicators is to add a fluorescent
whitening agent [4, 15], which is harmful to human health. Therefore, it is necessary to evaluate the content
of the fluorescent substances in paper products, especially in food wrapping paper.
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Fig. 3. Comparison of fluorescence spectra of green leaves (a), yellow apples (b),
tissue paper (c), and printing paper (d).

Conclusion. This paper presents a micro UV fluorescence spectrometer integrating a UV LED, a small
optical system, and a detection system. This spectrometer can be connected to a PC or a mobile phone via a
USB cable for spectrum image processing and display. Compared with the current popular microspectrome-
ters on the market, it has the advantages of better spectral resolution, faster detection, and a lower price. In
our experiments, by using a UV LED to irradiate the targets, the fluorescence spectra of edible oils, plant
chlorophyll, and paper were measured. Because of its small volume and low price, it can be extended to do-
mestic use and other fields.
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