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Abstract— Oxygen is one of Earth's vital elements, and its 
accurate measurement is crucial in numerous scientific and medical 
applications. Photonic-based sensors have recently become the 
subject of great attention for oxygen measurements due to their 
highly promising characteristics. These include the lack of 
requirement for repetitive calibrations and replacement of parts, 
being contactless, their accuracy, and fast response, and the 
potential to fabricate such sensors in small sizes. Here, we develop 
a dissolved-oxygen sensor by integrating time-resolved 
photoluminescence spectroscopy employing an FPGA-controlled 
multi-pulse LED source and amplified fast photodetector mounted 
on a PCB, light-emitting platinum porphine complex embedded 
polystyrene molecular oxygen-sensing probe, and a two-site Stern-
Volmer function for the sensing and calibration. The PCB excites the 
molecular probe with multiple 50 ns blue light pulses, and the 
emission lifetime is extracted using an exponential function based 
on the Levenberg-Marquardt nonlinear fitting. Complete 
characterization of the sensor, including its sensitivity, repeatability, 
stability, and response time, in addition to the temperature and altitude compensation, is implemented to achieve 
excellent dissolved-oxygen sensing functionality. 

 
Index Terms— Multi-pulse LED, oxygen sensor, time-resolved phosphorescence spectroscopy, PtTFPP 

 

 

I.  INTRODUCTION 

xygen is considered one of the most important elements on 

Earth. For instance, the insufficient oxygen level in the 

human body, namely hypoxia, has a substantial effect on tissues 

and cells [1,2]. In cancerous tumors, the oxygen level is 

significantly lower than in normal tissues of the body [3]. 

Oxygen level is also essential in stem cell cultures [4]. 

Generally, controlling oxygen concentration is helpful in many 

cell culture applications due to the high impact of oxygen on 

the biological systems [5]. Other applications of oxygen sensors 

include measuring blood glucose levels, which is based on the 

oxidation of glucose oxidases [6-8]. The lack of oxygen in the 

human body causes problems in its normal functioning and, in 

severe cases, leads to diseases [9]. Several sensing technologies 

are developed to measure oxygen concentration, including 

electrochemical sensors based on amperometry, 

electroconductivity and potentiometry, chemical sensors based 

on Winkler titration, and photonic sensors based on 

photoluminescence (PL) spectroscopy. Since the Clark 

electrode was developed, it has become the most reliable and 

commonly used measurement technology [10]. However, the 

Clark electrode exhibits some disadvantages that have hindered 

its further applications, such as oxygen consumption during 

measurements, which is detrimental in low-concentration 
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oxygen detection, the requirement for repetitive calibration, 

replacement of electrode and electrolyte, and the large size of 

the electrode significantly limiting its usage in many 

biomedical applications.  

In recent years, photonic oxygen sensors have found new 

applications in the food industry for the quality control purposes 

[11], the pharmaceutical sector for drug discovery [12], in 

automotive and aviation for air conditioning [13], aquafarming 

for high-density production [14,15] and biomedical for imaging 

[16,17]. When oxygen-sensing probes (OSP) are optically 

excited, electrons absorb the incident photons’ energy to 

transfer from the ground state to excited states. Subsequently, 

the electrons undergo intersystem crossing from a singlet state 

to a triplet state and relax by releasing phosphorescence 

emission. Since this involves rotation of electrons, which is less 

likely to occur, the phosphorescence lifetime is long [18]. When 

the surrounding oxygen molecules strike the excited OSP 

molecules, they quench the phosphorescence emission, which 

appears as quenching in the PL lifetime and intensity. The level 

of reduction depends on the corresponding oxygen 

concentration [19]. Since the oxygen molecules are initially in 

a triplet state, they receive the energy of the excited OSP 

molecules and become singlet oxygen molecules after any 

collision. The reactivity of singlet oxygen molecules is very 
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high in dense materials, and in a short time, they react with other 

oxygen molecules and turn into a triplet one [20]. Typically, 

metal complexes of Pt, Ru, and Pd are used to synthesize the 

OSPs. These probes exhibit phosphorescence emission with a 

long lifetime ranging from microseconds to a few milliseconds 

under an optical excitation [21]. Developing a sensor based on 

a nanosecond excitation laser source is expensive; therefore, we 

employ ultra-bright and inexpensive light-emitting diode 

(LED) light sources to tackle the cost, size, and performance 

barriers. The Stern-Volmer relation in equation (1) provides the 

oxygen concentration in photonics-based sensors in terms of PL 

lifetime and intensity ratio [22-29]: 

𝐼0

𝐼
=

𝜏0

𝜏
= 1 + 𝐾𝑠𝑣[𝑂2]               (1) 

where 𝜏 and 𝐼 are the lifetime and intensity for a given oxygen 

concentration, 𝜏0 and 𝐼0 are the lifetime and intensity at zero 

oxygen concentration, respectively. 𝐾𝑠𝑣 is the molecular 

quenching constant, and [𝑂2] is the oxygen concentration. This 

equation represents a linear graph, however, in many systems, 

the OSP does not exhibit a linear behavior due to the 

heterogeneity of the metal complex in the oxygen probe. It is 

possible to use the Stern-Volmer multi-site model in these 

scenarios, described by equation 2 [30-32]: 

𝐼0

𝐼
=

𝜏0

𝜏
= [∑ (

𝑓𝑛

1+𝐾𝑆𝑉𝑛  [𝑂2]
)𝑛 ]

−1
           (2) 

where 𝑓𝑛 is the fraction of the metal complex available to 

oxygen, 𝐾𝑆𝑉𝑛 is the quenching constant for each site, and n 

represents the number of available sites. The two-site model (n 

= 2) is often used to divide the probe into the outer surface with 

easier access, and the inner surface with more difficult access 

to the oxygen. The PL lifetime, despite the intensity, is an 

inherent property of the matter which does not depend on the 

metal complex concentration. In addition, it exhibits less 

sensitivity to the shape, the measurement setup, and instability 

of the excitation source, which is why this technique is 

preferred for accurate measurements [33]. The two modes of 

frequency-domain and time-domain are commonly used to 

measure the PL lifetime [34]. In the frequency domain, 

modulated light sources with variable intensity, such as a 

sinusoidal wave, are employed to excite the OSPs. Since the 

lifetime of the OSP changes, the corresponding phase and 

modulation change accordingly [35,36]. In the second method, 

the OSP is excited by short pulses of light in which its 

wavelength lies in the absorption band of the OSP. Then, time-

resolved PL intensity is measured with a fast photodiode or 
charge-coupled device (CCD). The decay curve is fitted with an 

exponential function to calculate the PL lifetime. The 

Levenberg-Marquardt nonlinear fitting is an excellent 

algorithm to examine the PL lifetime accurately. This method 

minimizes the merit function to find the best parameters [37].  

Controlling dissolved-oxygen (DO) concentration is one of the 

essential factors in aquafarms. If aquatic animals are kept in low 

oxygen conditions, they experience stress, limiting their 

growth, increasing susceptibility to disease, and even death. In 

addition, the solubility of oxygen is strongly influenced by the 

water temperature [38-45]. Here, we develop a time-resolved 

PL spectroscopy-based DO sensor for real-time, fast, and 

continuous monitoring of DO concentration using multi-pulse 

LED light sources and an amplified photodetector controlled by 

a field-programmable gate array (FPGA) microprocessor. Pt(II) 

meso-Tetra(pentafluorophenyl) porphine metal-organic 

complex embedded in a polystyrene matrix was used as a 

molecular sensing probe. After the design and fabrication of the 

sensor circuit board, critical parameters of sensitivity, 

repeatability, response-time, and stability considering 

temperature and altitude compensations demonstrate the 

excellent capability of the photonics-based DO sensor.  

 

II. MATERIALS AND METHODS 

OSP preparation: Pt(II) meso-Tetra(pentafluorophenyl) 

porphine known as PtTFPP was purchased from Frontier and 

toluene, and polystyrene  (PS) from Sigma Aldrich. 2 mg of a 

PtTFPP oxygen-sensitive substance was dissolved in 2 ml of 

toluene to prepare the OSP solution. Afterward, 0.1 g of PS was 

dissolved in 2 ml of toluene. Then, 100 μL of PS solution was 

mixed with 500 μL of PtTFPP. Finally, the mixture was poured 

onto a 1 cm × 1 cm glass substrate and placed in an oven at 80 

°C for 12 h to prepare a film of OSP. Then, it was punched with 

a 9 mm biopsy punch. 

Temperature-controlled chamber:  The chamber was equipped 

with two peltier plates, heat sinks, fan, temperature sensor, 

water pump, N2 and O2 inlet, Arduino Uno, and oxygen sensor. 

This chamber has two peltiers, one to cool and the other to heat 

the water. The cooler peltier has a fan to cool down the hot side 

of the peltier to increase its efficiency. A water pump was used 

to circulate the water. The Arduino Uno board and LabVIEW 

software control the entire closed-loop system and can keep the 

chamber’s temperature constant with a ± 0.15 °C accuracy. 

Photoluminescence spectrum: PL spectrum of the probe was 

measured using a Thorlabs CCS100 optical spectrometer when 

it was excited by a blue LED light source.  

Absorption spectrum: The absorption spectrum of the OSP was 

measured using Analytik Jena Specord 210 Plus spectrometer.  

Board design: Altium Designer software was used for the 

printed circuit board (PCB) design. This design requires 

attention to the -3.3V switching power supply because this 

source can cause significant noise to the amplifiers and analog-

to-digital converters. The PCB was fabricated by the "Alfa 

Madar Sanat" company. It is a double-layer copper board with 

a thickness of 35 μm. LTspice software by Analog Devices was 

used to perform the simulations. 
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III. RESULTS AND DISCUSSION   

PtTFPP was selected as the oxygen-sensitive metal-organic 

complex and PS as the oxygen-permeable matrix. PtTFPP 

shows excellent quantum yield and fast response to the oxygen 

variation. The OSP was prepared by dissolving PtTFPP and PS 

matrix in toluene solvent and casting it onto a glass slide to form 

a 1 mm thick film. Figure 1a shows the absorption (blue-green), 

and PL (red) spectra of the OSP and the excitation LED  

spectrum (dark blue). The absorption peaks are located at 392 

nm and 405 nm, and the emission peak is at 652 nm. The surface 

profile of the OSP measured by the Natsyco NAMA AFM is 

shown as an inset. The LED emission peak at 403 nm lies in the 

absorption band of the OSP, which guarantees excellent optical 

excitation of the OSP molecules. Figure 1b shows the controller 

circuit board of the oxygen sensor. Figure 1b. 1 shows the 

nanosecond pulse generator providing a 3 A current for 

generating the 50 ns excitation light pulses. Figure 1b. 2 is the 

PtTFPP-based OSP excited with the multi-pulse LED source. 

Figure 1b. 3 shows the driver of the fast photodiode (PD), which 

receives the PL signal and amplifies it 20 times. Figure 1b. 4 is 

the universal serial bus (USB) to serial converter for 

transferring the data to a computer. Figure 1b. 5 shows the 

FPGA microprocessor controlling the function of each element 

on the board of the oxygen sensor. Figure 1b. 6 is the power 

source for driving the circuit board. Two 4 W high-power blue 
LEDs were used to generate a pulsed excitation source instead 

of the conventional nanosecond pulsed lasers. The LED light 

sources are much smaller, have a longer lifetime, and are 

cheaper than laser sources. The LEDs emit short pulses with an 

average full width at half maximum (FWHM) of 47 ns. The 

pulse parameters such as the pulse width, repetition rate, and 

the number of multi-pulses were controlled using the FPGA. In 

the designed circuit, there is a metal–oxide–semiconductor 

field-effect transistor (MOSFET) driver for increasing the 

voltage level and current of the FPGA pulses enabling the 

complete switching of the MOSFET. Two resistors and a 

capacitor were used in the input to produce a high current for 

driving the LEDs. The capacitor stores the electric charges and 

is instantly discharged when the switch is turned on to generate 

high current pulses. A fast inverted diode parallel to the LEDs 

passes the return current when the MOSFET is turned off to 

prevent any damage to the excitation LEDs. The idea behind 

the multi-pulse is to increase the LED radiation energy and 

consequently increase the PL emission of the OSP. Figure 1b. 

3 shows the PD and two corresponding amplifiers. The output 

of the PD is a current with a typical output of 510 nA at the 

wavelength of 535 nm. A high-speed amplifier was used as a 

trans-impedance amplifier to convert and amplify the PD output 

current to a voltage. This PD was reverse biased to improve the 

response and linearity. A capacitor was placed parallel to the 

feedback resistor as a filter to limit the frequency response.  In 

addition, a rail-to-rail amplifier was used to amplify the output 
further. A 12-bit converter capable of sampling up to 3 MS/s 

with an SPI serial connection was employed as an analog-to-

Fig. 1. a) Absorption (blue-green) and PL (red) spectra of the OSP. The dark blue color is the excitation LED spectrum. Inset is an AFM profile 
of the OSP. b) Schematic of photonic-based oxygen sensor circuit board: 1) Pulse generation source and MOSFET driver 2) The PtTFPP-based 
OSP film 3) The PD driver and amplifie rs 4) USB to serial converter 5) The FPGA microprocessor 6) Power supply c) Schematic of the PCB of 
the multipulse oxygen sensor d) Schematic of the optical detection section of the oxygen sensor consisting of the OSP, excitation LEDs, collecting 
and focusing lens, filter, thermometer, photodiode, and amplifier circuit e) final shape of the photonic-based oxygen sensor.  
  

b) a) 
در

c) 
در

d) 
در

e) 
در
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digital converter. An FPGA microprocessor from the Spartan-6 

family was employed for processing the data. The processor 

was launched using an external 60 MHz external oscillator. A 

frequency higher than 60 MHz is required to run other 

components such as the analog to digital converter, USB to 

serial converter, and the pulse generator. Thus, the Intellectual 

Property Core Clocking Wizard by ISE Design Suite was used. 

This frequency was converted into two frequencies of 100 MHz 

and 46 MHz, where the 46 MHz was used for the analog-to-

digital converter and the 100 MHz for the rest. The generated 

clocking network typically consists of a clocking primitive in 

addition to the buffers and clock pins. Distributed Memory was 

employed to receive PD information quickly and then transfer 

it to USB at a slower speed using a serial converter. The 

Distributed Memory Generator uses LUT-based distributed 

read-only memory (ROM) resources to create 16-bit deep, 1-bit 

wide ROMs and generates a fabric-based bus multiplexer to 

create a deeper and wider ROM. The content of this memory is 

defined by supplying an input coefficient (COE) file to the 

Vivado Design Suite. Because this system uses multiple clocks, 

first-in-first-out (FIFO) was used to eliminate cross clocking. 

FIFO is a memory that can store and organize information and 

then send the information with a deliberate clock. This 

microprocessor requires two voltages of 3.3 V and 1.2 V to 

operate, which were provided by a power supply shown in 

Figure 1b. 6. A direct current (DC)/DC converter supplies a 

negative voltage to drive the PD amplifiers. This converter 

operates at a frequency of 2.2 MHz which induces noise on the 

amplifiers. Therefore, keeping the power supply away from the 

amplifiers is necessary to eliminate this noise. For this reason, 

the power supply of the amplifiers was designed separately. A 

serial protocol could be used to transfer data from the 

microprocessor; however, nowadays, most computers are not 

equipped with a serial port. Therefore, a USB to CH 340 serial 

converter that can store data was used to convert the serial 

protocol to USB. Data are sent in packages to ensure the 

accuracy of the transferred information. The package consists 

of two fixed letters at the beginning, then data such as 

temperature, time, and PD information, and two other fixed 

letters at the end to indicate the completion of the package. 

Figure 1c illustrates different sections of the designed PCB. It 

consists of a microprocessor, nanosecond short pulse generator, 

and LED driver. Figure 1d depicts the optical section of the 

sensor consisting of the OSP, two excitation LEDs, collection 

lens, PD, and two amplifiers. Figure 1e shows the final image 

of the developed multi-pulse oxygen sensor. 

Figure 2a presents a schematic of the multi-pulse excitation 

concept of the OSP, where the blue lines and green dash lines 

represent a single pulse and multi-pulse, respectively. The 

yellow line demonstrates the pumping of the triplet state, and 

c) 

Fig. 2. a) Multi-pulse concept for the excitation of the OSP b) Lifetime measurement for two different concentrations c) Simulation of the output 
voltage of the MOSFET in black and the applied current to the LED in red d) Maximum current of the PD in the blue, output voltage of the first 
amplifier in red and output voltage of the second amplifier in black.  
 

b) 

d) 

a) 

𝜏0 𝑝𝑝𝑚 = 53.6 𝜇𝑠 

𝜏 4 𝑝𝑝𝑚 = 26.8 𝜇𝑠 
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the red and purple lines represent the PL emission of the OSP 

for different oxygen concentrations. The lifetimes are achieved 

by fitting the PL decay curve by an exponential equation. A 

common approach for achieving a lifetime is the "pulse-and-

gate" method. In this method, a part of the decay curve data is 

fitted instead of all the received data. Thus, it provides fast 

processing but higher errors [46,47]. Figure 2b depicts the PL 

decay curve of the OSP and the corresponding fitted curve for 

the oxygen concentrations of 0 ppm and 4 ppm. The PL lifetime 

is longer for lower oxygen concentrations due to less interaction 

with the oxygen molecules. The pulse generator circuit was 

simulated using the LTspice software where a pulse source, the 

so-called pulser, creates a pulse with a width of 50 ns, rise-time 

of 10 ns, and fall-time of 10 ns with a maximum voltage of 3 V. 

This pulse is then applied to a MOSFET driver to increase the 

pulse to 8.5 V, which is presented in Figure 2c in black. A high 

current is required to drive the LED in a short time. Figure 2c 

shows that the current passing through the LED in this time 

interval is approximately 3 A, which is indicated with a red 

line.  In addition, simulations were performed for the amplifiers. 

Thus, a combination of a current source with a capacitor and 

resistor connected in parallel was used to simulate the PD, 

which produces a pulse with a maximum current of 510 nA . 

Then the first amplifier converts the current to voltage, and 

subsequently, the second amplifier increases it to 3 V. Figure 
2d shows the simulation results where the blue line is the PD 

current. The red line represents the first amplifier’s output 

voltage which is approximately 0.03 V. Next, the second 

amplifier increases this voltage to 3 V, shown with a black line.  

A graphical interface was written in LabVIEW for signal 

processing and displaying information such as the temperature 

and real-time DO concentration. In Figure 3a a typical sensor 

signal is demonstrated, comprising an excitation LED denoted 

by the blue color and a PL decay curve shown in red. The PL 

decay curve is fitted with an exponential function using the 

Levenberg-Marquardt algorithm, shown by the green curve.  

SENSITIVITY 

Next, the sensor was placed in a temperature and DO-controlled 

water chamber where two peltiers control the temperature with 

an accuracy of ± 0.15 ºC using a combination of an Arduino 

Uno and LabVIEW. The water chamber’s temperature was 

maintained at 22.1 ºC, and the DO concentration was modified 

from 0 % to 200 % air saturation to calibrate it and obtain its 

Stern-Volmer diagram known as the sensor sensitivity or work 

function. First, N2 gas was injected into the water chamber to 

reach 0 % air saturation, and then it was gradually increased 

during 2 h to reach 100 %. Afterward, O2 gas was injected into 

the water chamber to reach 200 % saturation, and the rest was 

measured from 200 % to 100 % during the next 4 h. A Hanna 

Edge 2040 oxygen meter was employed for the calibration. 

Figure 3b demonstrates the Stern-Volmer diagram for the OSP, 

c) d) 

a) b) 

Fig. 3. a) Output signal of the OSP received by the PD. Blueline is the excitation pulse, and red is the PL decay curve. Pl decay curve is fitted with 
an exponential function to achieve the PL decay lifetime b) Stern-Volmer lifetime ratio based on the oxygen concentration d) Effect of temperature 
of the decay lifetime.   
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which is the lifetime ratio, 
𝜏0

𝜏
, based on the air saturation shown 

with green circles.  This diagram deviated from a linear 

function. Thus, it was fitted with the two-site Stern-Volmer 

function indicated with a red curve based on the equation 2. 

Therefore, the Stern-Volmer parameters of 𝐾𝑆𝑉1 =
0.006, 𝐾𝑆𝑉2 = 0.044, 𝑓1 = 0.283 𝑎𝑛𝑑 𝑓2 = 0.687 and the 

sensor work function were achieved. For accurate 

measurements, it is necessary to find the compensation for the 

temperature and altitude affecting the DO concentration.  

TEMPERATURE COMPENSATION 

The OSP is susceptible to the ambient temperature affecting 

both 𝜏0 and 𝐾𝑆𝑉 [48]. In Figure 3c, the temperature-dependent 

PL lifetime in the range of 15 ºC to 40 ºC at the DO 

concentration of 0 ppm was investigated. It was observed that 

the lifetime linearly decreases with increasing temperature. The 

DO concentration was preserved in this experiment to avoid any 

possible interference. Equation 3 compensates for these two 

parameters [49,50] 

𝑂2[𝑝𝑝𝑚] =  
𝑃𝑎𝑡𝑚−𝑃𝑤(𝑇)

𝑃𝑁
×

% 𝑎𝑖𝑟 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛

100
× 0.2095 × 𝛼(𝑇) ×

𝑀𝑂2

𝑉𝑂2

                      (3) 

where 𝑃𝑎𝑡𝑚 is the atmospheric pressure, 𝑃𝑁 is the standard 

pressure (1013 mbar), 𝑃𝑤(𝑇) is the water vapor pressure with 

saturated air at the temperature T, 𝑀𝑂2
 is the molecular mass of 

oxygen (32 
𝑔

𝑚𝑜𝑙
 ), 𝑉𝑂2

 molar volume of oxygen (22.414 
𝐿

𝑚𝑜𝑙
 ) 

and 𝛼(𝑇) is the Bunsen coefficient which is a function of the 

temperature. The Bunsen coefficient expresses the solubility of 

oxygen at the temperature T and is defined by equation 4 [49]. 

ln 103 𝛼(𝑇) =  
8.553×103

𝑇
+ 23.78 ln 𝑇 − 160.8     (4) 

In addition, the water vapor pressure as a function of the 

temperature is calculated by equation 5 [51], 

𝑃𝑤(𝑇) = 𝑒𝑥𝑝 (52.57 −
6690.9

𝑇
− 4.681 × 𝑙𝑛𝑇)     (5) 

and the air saturation is obtained using the introduced two-site 

Stern-Volmer function.  

ALTITUDE COMPENSATION 

Figure 3d shows the altitude-dependent DO when the altitude 

varies from 0 m to 2000 m above sea level. DO was reduced 

linearly, with increasing the altitude, from 8.2 ppm to 6.4 ppm. 

These temperature and altitude compensations enable the 

improvement of the accuracy of the OSP.  

RESPONSE TIME  

Another essential characteristic of the oxygen sensor is its 

response time. It is defined as the time it takes the sensor to 

reach 90 % of the maximum oxygen concentration. Therefore, 

two containers of water were prepared, one containing 0 % air 

saturation water and the other containing 100 % air saturation 

water. The sensor was placed in one of the containers, and after 

reaching the desired percentage, it was placed in the other 

container. Therefore, the response time for 0 % to 100 % air 

saturation is 59 s, and the response time for 100 % to 0 %  air 

saturation is 36 s. The rise and fall times [52]  based on Figure 

4a are 22 s and 32 s, respectively.  

REPEATABILITY 

Repeatability is the ability of a sensor to perform a 

measurement multiple times. Repeatability depends on the 

accuracy of the measurement and the active components. 

Excellent repeatability for a sensor makes the measurement 

values closer to the actual value. Equation 6 is used to calculate 

the repeatability [53,54]. 

𝐾𝑆𝐷 =  
√[∑(𝑥𝑖− 𝜇)2]

𝑁⁄

𝜇
× 100                                                                   (6) 

where KSD is the repeatability, 𝑥𝑖 is the measurement data, N 

is the number of measurements, and 𝜇 is the average value. 

Repeatability tests were performed by placing the OSP sensor 

in the water chamber with a constant temperature of 22 °C, 

where the air saturation was modulated several times by 

injection of the N2 gas. These measurements were repeated 

between 0 % and 40 % air saturation, and the repeatability of 

Fig. 4. a) Response time of the OSP for increasing air saturation percentage from 0 % to 100 % was 59 s and for 100 % to 0 % was 36 s b) 

Lifetime stability of the OSP (green circles) during 4 h measurement at 100 %  air saturation and the corresponding temperature (red circles). 

a) b) 
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0.2 for 0 % air saturation and 0.5 for 40 % air saturation was 

achieved.  

STABILITY 

The stability of the OSP was performed by placing the OSP in 

the temperature-control chamber containing 100 %  air 

saturation water at the temperature of 23 °C. Figure 4b 

demonstrates the stability data in green and temperature in red. 

The stability deviation was 3.9 % for 4 h measurement with 1 

min time resolution. Finally, the interference by other gases on 

the function of the OSP has already been investigated which 

revealed negligible impact [55,56].  

IV. CONCLUSION 

We have introduced a multi-pulse dissolved-oxygen sensor by 

combining time-resolved photoluminescence spectroscopy 

based on an FPGA microprocessor-controlled LED light source 

and fast amplified photodetector, a PtTFPP metal-organic 

molecular oxygen-sensing probe, and two-site Stern-Volmer 

fitting function. After the design and assembly of the electronic 

and optical elements, the excellent performance of the sensor 

was demonstrated by evaluating its sensitivity, repeatability, 

response time, and stability, considering the temperature and 

altitude compensation.  
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