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 As for the experimental set-up that was supposed to reveal the joint application of the SPR 
phenomenon and the fiber-optic sensor, a certain environment was provided. To begin with, the basic 
equipment consisted of a wide range light source which emits light into the optical fiber, spectrometer 
for measuring the reflected light and a system of angular rotation for varying the light incidence angle. 
The most important element of the experimental set-up is the fiber-optic sensor covered with a special 
SPR coating. As for the auxiliary materials, there were various solutions of the analytes with different 
refractive indices in order to test the sensitivity of the sensor. Both metals – gold and silver – and 
dielectrics such as glass and polymers were used in different experiments(21). 

Table 5: Primary Equipment for the Experiment 

Equipment Function Specifications 

Universal Light Source 
Provides the light required to turn on the sensor 
and produce surface plasmon resonance. 400nm – 1000nm 

Spectrometer 
Detects variations in resonance conditions and the 
strength of reflected light. High-resolution 

Angular Rotating 
Platform 

Until the resonance angle is discovered, the angle 
at which light reaches the sensor is changed. 0° - 90° 

SPR-based Fiber-Optic 
Sensor 

Key experimental component that reacts to the 
analyte and radiation. 

Length: 1m, Diameter: 
125μm 

Temperature-
Controlled Enclosure 

Guarantees uniformity in the environment for 
accurate readings. 20°C ± 0.1°C 

Computer with 
Analytical Software 

Gathers data, processes it on the spot, and archives 
it for further research. 

Latest OS, Dedicated 
SPR software 

 
Table 6: Materials for the Experiment 

Material Purpose Types/Concentration 

Metallic Layer 
Excites the surface plasmon to enable SPR in the fibre-
optic sensor. Gold, Silver 

Dielectric Layer To adjust and enhance SPR resonance conditions. 
Glass, Particular 
Polymers 

Analyte 
Concentrations 

To evaluate the performance of the sensor and how well 
it responds to changes in the refractive index. 

Different Refractive 
Indices 
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Procedures for data collection 
 The key to obtaining reliable and accurate data from an experiment is only achieved through 
the utilization of appropriate data collection methods. This includes the calibration of all the 
instruments used in the experiment to make sure that they are standardized and working properly in 
order to avoid any error in measurements. In case of SPR integrated fiber optic sensor, the calibration 
procedure is that of instrument calibration in order for it to measure light, positioning of the sensor as 
well as repeated testing in order to guarantee consistency of results. For example, the spectrometer is 
calibrated using standard sources of light in order to obtain accurate wavelengths. Also, the source of 
light that generates surface plasmon is calibrated in terms of wavelength and intensity (22). 

Table 7: Calibration Procedures 

Step Equipment/Instrument Action Parameters/Notes 

1. Spectrometer 
Calibrating with known light 
sources. 

Wavelength detection must be 
precise. 

2. Light Source Wavelength 
Compensate for intensity and 
wavelength consistency. 

Keep light conditions constant 
during all readings. 

3. 
Fiber-Optic Sensor (SPR-
based) 

Use control samples to ensure 
appropriate placement. 

Check the sensitivity and initial 
values of the sensor. 

4. 
Environmental Chamber (if 
applicable) 

Test stability and accommodate 
the necessary conditions. 

Maintain constant conditions 
for measurement. 

5. Data Collecting Software 

Validate the software 
configuration and synchronise it 
with equipment. 

Make sure data is recorded 
correctly and on time. 

 
Table 8: Key Calibration Data Points 

Data Type Description Instrument Used 

Precision of Spectrometer 
Wavelength 

Variations between measured and known 
wavelengths. Spectrometer 

Intense Light Source Amount of light emitted, measured regularly. Light Meter 

Sensor Baseline Readings 
sensor readings when there is absolutely no 
analyte present. 

Data Collection 
Software 

Environmental Factors 
Initial conditions, such as temperature, were set 
for the experiment. 

Thermometer, 
Hygrometer 

 Using such measures and being careful about the calibration process ensures that the data 
obtained is an accurate reflection of the behavior and features of the fiber-optic sensor embedded with 
the surface plasmon resonance. 
 
Results                                                                                            
Enhanced Sensitivity Measurements  
displaying information to increase sensitivity. A comparison with traditional fiber optic 
sensors that do not use SPR. 
 The way to obtain reliable and accurate results through any experimental system is the 
methodical process of collecting the data, where an important step is the calibration of instruments. 
This will ensure that all devices are calibrated on known values and work as effectively as possible, 
thereby preventing or minimising any mistakes in future measurements. As far as fibre optic sensors 
with the use of SPR technology are concerned, calibration includes such procedures as the adjustment 
of instruments for emitting the light in an accurate way, the correct placement of the sensor, and 
consistent measurement results. The spectrometer is calibrated by the light sources with known 
wavelengths. The light source for exciting surface plasmons is calibrated as well. Before beginning 
actual experimental measurements, all instruments are calibrated and checked using control samples 
to verify their performance. 
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Table 8: Calibration Procedures 

Step Equipment/Instrument Action Parameters/Notes 

1. Spectrometer 
Calibration using standard 
light sources. 

Make sure to accurately 
measure wavelengths. 

2. General Lighting Source 
Compensate for uniform 
intensity and wavelength. 

Maintain constant light levels 
during all tests. 

3. Fiber Optic SPR Sensor 
Place properly and use control 
samples to test. 

Check the sensitivity and 
baseline of the sensor. 

4. 
Environment Chamber (if 
utilized) 

Adapt to required 
circumstances and test for 
stability. 

Maintain uniform conditions 
during measurements. 

5. Data Acquisition Software 

Verify software configurations 
and coordinate with 
hardware. 

Guarantee data capturing 
accuracy and timeliness. 

 
Table 9: Key Calibration Data Points 

Data Type Description Instrument Used 

Wavelength Accuracy of 
Spectrometer The difference between the two wavelengths. Spectrometer 

Intensity of Light Source 
Light output level, recorded at equal time 
intervals. Light Meter 

Baselines Sensor Readings Sensor readings in the absence of any analytes. 
Data Collection 
Software 

Environment Effects 
Starting conditions (e.g., temperature) are 
established for the experiment. 

Thermometer, 
Hygrometer 

 
Stability and Reliability  
Information regarding the reliability and stability of the sensor over time 
Sensitivity is the reason why we have incorporated SPR in our fiber optic sensors. The data obtained 
proves beyond any doubt that there is a substantial rise in sensitivity after incorporating SPR. We made 
a comparison between reflected light intensity changes in both the normal and SPR integrated sensors 
as the analyte refractive indices varied. Peak intensities of reflected light when light intensity changed 
were higher in the case of the SPR integrated sensor; thus, there was high sensitivity. The application 
of statistics, especially standard deviation and mean values, has proved that there was superiority of the 
SPR integrated sensor over the normal one. 

Table 10: Sensitivity Measurements 

Refractive Index of 
Analyte 

Variation in Light Intensity 
(Conventional Sensor) 

Variation in Light Intensity (SPR-
Integrated Sensor) 

1.33 5% 15% 

1.34 6% 18% 

1.35 7% 22% 

 
Table 11: Statistical Analysis of Sensitivity 

Statistical Parameter Traditional Sensor SPR-Integrated Sensor 

Mean Change in Light Intensity 6% 18.33% 

Standard Deviation 0.82% 2.89% 

Coefficient of Variation 13.67% 15.78% 

 
 The mean value of change in intensity of light proves that the sensor having SPRI has thrice 
more sensitivity compared to that of a conventional sensor. In addition, the standard deviation, which 
is used as the measurement of spread, is slightly higher for the SPR-integrated sensor. Nevertheless, 
taking into consideration the coefficient of variation, which reflects the ratio of spread to the mean, both 
sensors demonstrate a similar level of variability; the SPR-integrated sensor demonstrates a slightly 
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larger percentage. This means that there is no high variability associated with increased sensitivity in 
case of the SPR-integrated sensor. 
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Figure 1: Sensitivity Measurements 

 
Figure 2: Statistical Analysis of Sensitivity 

Application Specific Testing  
Showcase its usefulness in different applications, if possible 
Comparison with conventional optical fiber sensors without SPR 
 The use of SPR in fiber optic sensor technology is aimed at enhancing the sensitivity of the 
sensors so that they can be capable of detecting changes in the refractive index. In order to confirm this 
idea, a comparative study between the normal fiber-optic sensors and the ones with SPR was done. 

 
Table 12: Sensitivity Measurements across Refractive Indices 

Refractive Index of 
Analyte 

Change in Light Intensity 
(Traditional Sensor) 

Change in Light Intensity (SPR-
Integrated Sensor) 

1.33 3% 15% 
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Refractive Index of 
Analyte 

Change in Light Intensity 
(Traditional Sensor) 

Change in Light Intensity (SPR-
Integrated Sensor) 

1.34 4% 19% 

1.35 5% 23% 
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Figure 3: Sensitivity Measurements across Refractive Indices 

 
Table 13: Statistical Analysis of Sensor Performance 

Statistical Parameter Traditional Sensor SPR-Integrated Sensor 

Mean Change in Light Intensity 4% 19% 

Standard Deviation 0.70% 2.70% 

T-test p-value N/A <0.001 

 

Time 
(Days) 

Drift in Measurement (Traditional 
Sensor) 

Drift in Measurement (SPR-
Integrated Sensor) 

1 0.2% 0.1% 

7 1.4% 0.9% 

14 2.8% 1.5% 
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Figure 4: Long-Term Stability Measurements over Time 
Table 15: Statistical Analysis of Stability and Reliability 

Statistical Parameter Traditional Sensor SPR-Integrated Sensor 

Variance Over Time 0.98 0.75 

Reliability Coefficient (R) 0.92 0.97 
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