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system for rapid detection
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Abstract: Development of a prototype of a portable optical sensing system is presented for fast detecting of sam-
ples’ fluorescence spectra. A compact configuration is achieved by integrating a small spectrometer, a microcon-
troller, a Universal Serial Bus (USB) Host Shield, a network module, and a web server. The fluorescence spectra of a
tested sample can be obtained. Then the test data are sent through network communication to our Cloud Server
which can store the data for further analyses. With this configuration, test results can be revealed in a short time and

downloaded by users to their laptops, tablets or cellphones anytime and anywhere.
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Fluorescence is the emission of light from a substance
that absorbs electromagnetic radiation . When certain
atoms are irradiated with the electromagnetic radiation
(usually in the form of light), the energy of the radiation
causes some electrons around the nucleus to transit from
the original orbit to the higher energy orbit, from the
ground state to the excited singlet. The singlet is unstable
and the electrons tend to transit back to the steady state.
When the electron is restored from the excited singlet
state to the ground state, the energy is released in the
form of light, resulting in fluorescence. In most cases, the
emission light has a longer wavelength, and possesses
lower energy than the absorbed radiation. However,
when the absorption intensity is strong, a two-photon
absorption phenomenon may occur, resulting in a shorter
radiation wavelength than that of the absorption light.
The fluorescence is a form of photoluminescence, and the
radiation materials cease to glow immediately when the
radiation source stops ?.. The most striking example of
fluorescence is the absorbed radiation in the ultraviolet
region of the spectra which is invisible to the human eyes,
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while the emitted light is in the visible region and gives a
distinct color.

Fluorescence has a wide variety of applications, in-
cluding gemology, mineralogy, medicine, chemical sens-
ing, printing dye, and biological labellings . Detection
methods based on spectral analysis techniques are an
interesting alternative for performing sensitive, selective
and reliable measurements. The application of fluores-
cence in spectral analysis is fluorescence spectrometry
which has been successfully employed as a basic meas-
urement method to obtain the characterization of chem-
ical constituents for food classification, water pollution,
bacterial pathogens detection and plant species charac-
terization. It has the advantage of minimal sample prepa-
ration and relatively low-cost instrumentation "' Much
effort has been done to improve the performance of the
fluorescence spectral analysis devices to increase preci-
sion and speed > Though various methods have been
explored to improve the instruments’ design and manu-
facture, portability remains a huge challenge.

This paper provides the details regarding the funda-
mental of a portable optical sensing system to rapidly
detect the fluorescence spectra of the testing samples. The
system integrates a suitable spectrometer as an optical
sensor and a microcontroller to execute all instructions,
which offers a potential solution to resolve the portability
and performance. Meanwhile, several modules have been
added to enable functionalities, such as image capture,
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wireless transmission and location tracking. Experi-
mental results on several water samples show the capabil-
ity of our prototype as a smart tool.

2 System implementation

The concept of the portable real-time optical sensing
system is illustrated in Fig. 1.

This system is aimed to rapidly detect fluorescence
spectra within a compact configuration. Besides the basic
hardware for sensing and sending results, a database in
the cloud environment is also adopted for data storage.
Firstly, the spectrum of a tested sample can be obtained
by the portable optical sensing device. Then the data is
sent through network communication to the Cloud Serv-
er. Since the cloud storage technique is employed, users
can download the results to their laptops, tablets or cell-
phones anytime and anywhere.

2.1 Hardware framework

The hardware capabilities of the system include acquiring
spectra, taking pictures, acquiring locations, and sending
data to the web server. The main components include a
spectrometer (Ocean Optics), a Microcontroller Board
(Arduino), a USB Host Shield (Arduino), a Third-Gene-
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ration + Global-Positioning-System (3G+GPS) Shield (3E
Gadgets) and a Webserver (Amazon), which are shown in
Fig. 2. In working condition, the Arduino microcontroller
first initializes the USB650 Spectrometer, through the
Arduino USB Host shield. Then it sends commands to
the spectrometer to acquire the spectra of the sample.
Through the GPS system, the microcontroller acquires
the location of the sample taken and captures a picture of
the collected sample using Hayes command sets (AT
command). Next, together with the spectra data, the mi-
crocontroller sends this information to the web server
through the 3G network using 3G + GPS shield for
Arduino. In the final step, the web server categories and
processes the spectra data by linking it to the database.
The analyzed results are returned to the web server for
users to view from any mobile devices that have web
browsers, by logging into the web server.

2.1.1 Spectrometer as optical sensor

In prototyping the optical sensing system, Ocean Optics
Red Tide USB650 spectrometer was selected as the sensor.
It offers real-time capturing full spectra ranging from
wavelength 350 nm to 1000 nm in 25 milliseconds .
The spectrometer connects to a computer via a USB port,
drawing power from the host, thus eliminating the need

Cellular
Wifi

Tablets

Cellphones

Fig. 1 Real-time optical sensing system implementation.
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Fig. 2 The main components of the system’s hardware.
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for an external power supply. In addition, the USB650 has
an optical resolution of 2.0 Full Width Half Maximum
(FWHM) at 2 nm, which implies a moderate detecting
capability. The cost of USB650 is one of the lowest in the
family of spectrometers, and it could be interfaced to
communicate with other peripherals. Since no built-in
light source is contained, it is linked up with a light
source to obtain fluorescence spectra of the samples (532
nm central wavelength).
2.1.2 Microcontroller
The Arduino Uno is easy to be used in powerful single
board based on ATmega328P microcontroller with the
throughput of 20 MIPS (million instructions per second)
at 20 MHz %), The Arduino is open-source, which means
the hardware is reasonably priced and development soft-
ware is free. Thus, it has gained considerable attention.
The Arduino UNO board can be programmed in the

following phases: (i) setup phase, and (ii) execution phase.

In the setup phase, the USB host shield, USB650 spec-
trometer, 3G + GPS shield are sequentially initialized.
Firstly, the USB host shield is initialized to establish
communication with the USB650 spectrometer. Then the
spectrometer will be initialized and followed by the
3G+GPS shield. During this period, the camera, as well
as the SIM5218 network communication module, is ini-
tialized. The microcontroller will then proceed to execu-
tion phase once all these modules are checked.

In the execution phase, the microcontroller will start to
call the function, “Acquire_Spectra()”, to acquire spectra
data by setting the trigger mode, integration time and
enable strobe light of the spectrometer. Then the function
“Take_Picture()” will capture an image of the sample, and
determine the location where the sample was collected by
calling “Locate_Position()” and finally, the function
“Send_to_Webserver()” will send these data to the Ama-
zon web server.

2.1.3 USB host interface

The Arduino USB Host Shield, when configured, allows
connections of any USB devices to the Arduino micro-
controller board. This interface shield consists of an
MAX3421E USB host controller, which contains digital
as well as analog circuitry capable of implementing a
full-speed USB compliant to USB Specification Rev 2.0
which supports 60 MB/s transfers. In addition, it is also a
microprocessor  independent USB  because the
MAX3431E controller makes vast collection of USB pe-
ripherals available to any microprocessor. Hence for a
point-to-point connection, in this case, the real-time op-
tical system, and the firmware to establish communica-
tion can be simple since only a targeted device, USB650
Spectrometer, is supported.

When the USB650 spectrometer is first connected to
the USB Host Shield, the USB enumeration process be-
gins. The Host resets the USB650 and requests for the
Device Descriptor. A new address will be set upon the
response of the spectrometer to the host. Then the host
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reads the .INF file and specifies the driver. The host se-
lects configuration once the driver is loaded. The re-
al-time system adopts a Control Transaction type of USB
communication protocol. There are three simple steps to
establish communication: identify, configure and control
device. When the spectrometer is connected to the
Arduino USB Host, the host requests information from
the spectrometer, such as capability and power require-
ment. In return, the spectrometer will provide this in-
formation back to the host in a form of a description ta-
ble. This description table has a structured sequence of
values defined by the developer. The device descriptor
gives the host vital information like Vendor Identification
(VID) and Product Identification (PID) that are crucial
for the programmers to configure and interface with the
system.

The program codes to configure the USB650 spec-
trometer are simple. Upon the detection of the USB650
spectrometer, the function “Usb.getDevDescr()” is called
to get the device descriptor. Next, the Vendor Identifica-
tion and Product Identification are checked. If they
match, the attributes obtained in the device descriptor
will be set by calling “Usb.setEpInfoEntry()”. Next, the
function “Usb.setConf()” will be called to set the config-
uration of the USB650 device. Upon the completion of
the USB configuration, the first command is sent out by
calling the function “Usb.outTransferQ” to initialize the
USB650 spectrometer. Finally, the USB state is set to be
running state through the function “Usb.setUsbTaskState
(USB_STATE_RUNNING)”.

2.1.4 Network communication module

Once the microcontroller is determined, the search for
the suitable communication module or shield will also be
determined. The system adopts the GPS shield for
Arduino. This communication module comes with an
internal GPS that enables the location of the devices out-
door or indoor using both assisted-mobile (A-GPS) and
mobile-based (S-GPS) modes. The module comes with a
video camera, which enables the recording of video or
photos capturing in high resolution of 640 pixelsx480
pixels. Most importantly, this communicating module is
designed to work with Internet servers implementing
several internally application layer protocols, which make
it easier for cloud communication, such as Hypertext
Transfer Protocol (HTTP) and Hypertext Transfer Pro-
tocol Secured (HTTPS) navigation. Similarly, the module
provides File Transfer Protocol (FTP) and File Transfer
Protocol Secured (FTPS), thus making it easier for file
handling. Lastly, the communication module has a Micro
Secure Digital (SD) slot that can store data up to 32 GB.
2.1.5 Webserver

The portable optical sensing system uses the Amazon
Elastic Compute Cloud (EC2) as a web service to store
spectra data, sample pictures as well as GPS data. It pro-
vides a sizeable computational capacity in the cloud with
a storage space up to 30 GB and 750 hours of free usage
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Fig. 3 Data acquisition flow.

per month. EC2 adopted in the optical system enables
quicker access of spectra data in real time. Amazon pro-
vides a huge range of web services and in this project the
Virtual Service in the Cloud, Elastic Compute Cloud
(EC2), was adopted. A free tier Ubuntu Server 14.04 LTS
(PV), SSD Volume Type, was selected under EC2 in-
stance.

2.2 Data acquisition flow

The data flow of the system is illustrated in Fig. 3, which
mainly consists of two parts: (i) setup phase, and (ii) ex-
ecution phase. In the setup phase, the USB650 spectrom-
eter has to be initialized each time when a spectrum is
taken, and the 4096 bytes of data collected need to be
converted into 2048 spectra data before follow-up pro-
cessing. In the execution phase, the functions of spectra
acquisition, image capture, location tracking and wireless
transmission will be achieved in sequence.

3 Results and discussion

The final prototype of the portable optical sensing system
is illustrated in Fig. 4, and an experiment was conducted
to demonstrate the effectiveness of the prototype.

In the experiment, three water samples were analyzed,
firstly tea water, secondly sea water from West Coast Park
of Singapore, and thirdly laboratory tap water, as shown
in Fig. 5(a). A laser source with central wavelength at 532
nm, power 300 mW was used with the spectrometer in-
tegration time of 2 s. The experimental results based on
the data downloaded from our cloud database after 50
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points smoothing are shown in Fig. 5(b). It is concluded
that the tea water emits the strongest fluorescence, fol-
lowed by sea water, while laboratory tap water has no
fluorescence emitted. The spectra peak intensity at 548
nm of sea water may result from the existence of some
microbes. The peaks at 650 nm are present for both sea
and laboratory tap water samples, which might be at-
tributed to the presence of stray light. The GPS coordi-
nates have been accurately obtained by our system
(1.299N, 103.772E) which is the exact position of our
laboratory. This is only an application demonstration
experiment, and the system is not limited to water testing.
It is also suitable for paper testing as well as many appli-
cations in the biochemistry field.

Fig. 4 Prototype of the portable optical sensing system.



DOI: 10.3969/j.issn.1003-501X.2017.05.002

(a)

(b)

Intensity

OEE | Advances

0.04 (548) —— Sea water
J —— Lab water
(650) — Tea water

0.03 1
1.299N, 103.772E

0.02 4

0.01 4

0.00 T T T T T T T T T
540 580 620 660 700 740

Wavelength/nm

Fig. 5 Testing samples and the experimental results. (a) Three water samples for testing. (b) Fluorescence spectra of the

three water samples.

4 Conclusions

The details regarding the fundamental of a portable opti-
cal sensing system to rapidly obtain the fluorescence
spectra of samples is presented in this paper. A compact
configuration is achieved by integrating a small spec-
trometer as an optical sensor, a microcontroller for issu-
ing commands, a USB Host Shield for internal commu-
nication, a network module for external communication,
and a web server for storing database and distributing
results. A special software is programmed to extract the
spectra from the spectrometer, capture images of the
samples, acquire GPS location, and communicate with a
cloud server. Since optical sensor and wireless communi-
cation module are adopted, the system can offer real-time
detection capability. The fluorescence spectra of three
water samples have been detected using our system
within a short time, thus validating the system’s effec-
tiveness.
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