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Abstract: 3D interference fringe pattern recognition using a plasmonic sensing circuit is proposed. The plasmonic 

sensing in the form of a panda ring comprises of an embedded gold grating at the microring center. WGM (whispering 

gallery mode) is observed at the microring center with suitable parameters. The dark soliton of 1.50µm wavelength 

excites the gold grating which leads to electron cloud oscillation and forms the electron densities where the trapped 

electrons inside the silicon microring are transported via wireless connection using WGM and cable connection. The spin-

down   1  and spin-up   0 result from the electron cloud oscillation. By using the changes in gold lengths, 

the excited electron pattern recognition can be manipulated, where the values "0 and "1"' are useful for pattern 

recognition. The fringe patterns of the plasmonic interferometric sensor are recorded, which means that the novel 3D 

pattern recognition can be possibly implemented and used in many applications. Therefore, the plasmonic sensing circuit 

can be used to form the quantum code, quantum encryption, quantum sensor, and pattern recognition. 
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1. Introduction 
Pattern recognition involves the observation and recognition of regularities in a data set, which is generally classified 

according to the procedure or method used in generating the patterns. In other words, it involves recognizing patterns in 

data automatically by using pattern recognition systems. Pattern recognition systems use different mathematical models 

and algorithms in recognizing patterns in data sets. Several researchers have developed different pattern recognition 

systems that have been applied in recognizing patterns in different data sets (Soliman et al. 2018; Si and Yan 2015; 

Zhaohui and Xiaodong 2013;Hong et al. 2019; Kumar 2016; Bakhtiar and Hosseinzadeh 2016; Salehi and Dehyadegari 

2016; Kumar et al. 2019; Farrokhi et al. 2015; Kotb and Guo 2019; Morsy and Alsayyari 2019; Maity et al. 2016; Metya 

and Janyani 2015; Jordovic-Pavlovic et al. 2020; Liu et al. 2016; Imtiaz et al. 2020; Mu et al. 2019;Bhnassy et al. 2019). 

Motivated by the above-mentioned works, this present work has proposed a pattern recognition system. The principle 

behind the operation of the pattern recognition system is the space-time function. The pattern recognition system consists 

of a plasmonic sensing circuit. The plasmonic sensing circuit which is in the form of a panda ring comprises gold gratings 

embedded at the microring center and is useful for wide applications due to the nonlinear effect it exhibits. The plasmonic 

sensing circuit is employed for the construction and recognition of 3D fringe patterns that result from the interference of 

the input light of the circuit. Interference fringe patterns involve the merging of two or more sources of light and these 

patterns have valuable information for various applications. The interference fringe can also be formed when two light 

waves of the same phase, frequency, and amplitude respectively meet at a point and are superimposed. To produce 

interference fringe patterns different instruments are used for this purpose. One such instrument is the interferometer, 

which comes in different shapes and sizes, but the main working principle is the interference of light from different 

sources to produce the interference fringe patterns (Kowsari and Saghaei 2018). There are two main kinds of 

interferometer namely classical and quantum interferometer. Classical interferometer makes use of classical resources to 
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produce classical interference fringe while quantum interferometer makes use of quantum resources to produce quantum 

interference fringe. The plasmonic sensing circuit in this present work has been employed for 3D quantum interferometer 

(Arumona et al. 2020). In a simulation, two programs are employed. Firstly, for simulating the plasmonic sensing circuit 

and the observation of the whispering gallery mode (WGM) the OptiFDTD software is used. Secondly, extracted 

parameters from the OptiFDTD results are used by the Matlab program to simulate 3D interference fringe and the results 

have been interpreted for 3D interference fringe pattern recognition.   

2. Background 
The 3D pattern recognition system is given in Figure 1, where the plasmonic sensor is formed by a gold grating driven by 

a space function. The input source is a soliton pulse, from which the electron cloud is generated by the whispering gallery 

mode (WGM), which transport in the circuit. The transport electrons can be controlled by the space-time input 

function. The change in electron cloud densities can transfer to plasmonic sensors and transported electron clouds, which 

can be applied for pattern recognition using the interference fringes related to the electron transport projections. 

The input source is the space function called a dark soliton pulse, given by an equation (1) (Agrawal 2011). 
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The dark soliton pulse forms the input light of the circuit where in equation (1), B , z , T0, LD, and Tare the amplitude of 

the input light, propagation distance, initial time of the soliton pulse, length dispersion, and final time of the soliton pulse 

respectively.  

At the add port (𝐸𝑎𝑑𝑑) port of the pattern recognition, the input light multiplex with the time function is multiplexed 

by the space-time function signal, which is employed to form the spin projection given by an equation (2). 
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where in equation (2) the 
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e


is the control time and ± signs indicate full-time slot axis. The pattern recognition system 

generates fringe patterns by means of interference of the input light as described by an equation (3) as (Szuatakowski and 

Palka 2005), and the fringe contrast (V(ΔI)) is given in an equation (4). 
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where I, I0, pe, N, λ0, 𝑟𝐴, 𝑟𝐵, D, V(ΔI), and kij, are the output irradiance, input source irradiance, waveguide elastic 

coefficient, waveguide effective refractive index, wavelength of light source, waveguide end reflection coefficients, arm 

length difference, fringe contrast, and amplitude coefficients, i, j =1, 2, 3, respectively. 
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, Δλ1, Hq,, and Δλ are the mode spacing, mode amplitude and spectral width 

respectively.  

The Drude model (Tunsiri et al. 2019) describes the behavior of the electrons in the gold grating as given in 

equations (5) and (6) as: 
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where 𝜀0, 𝑛, 𝑚, 𝑒 and 𝜔 are relative permittivity, electron density, electron mass, electron charge and angular frequency. 

At resonance, angular frequency becomes plasma frequency given as: 

1

2 2

p

o

ne

m





 

  
 

 

6 

From an equation (6) the electron density 𝑛 =  𝜔𝑝2𝑒2 𝜖0𝑚, the output fields of the pattern recognition system are 

described as (Prateep et al. 2016) 
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where the terms m2-m6 are constants in equations (7) and (8) as explained in (Prateep et al. 2016). 

From the system’s output in Figure 1, the normalized intensities are written as(Pornsuwancharoen et al.2017) 
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The nonlinearity also known as Kerr effect exists throughout the system and is included in the 𝑛 = 𝑛0+𝑛2I=𝑛0+𝑛2 𝑃 𝐴𝑒𝑓𝑓⁄  

equation, where n, 𝑛0, 𝑛2, I, P and Aeff are refractive index, linear refractive index, nonlinear refractive index, optical 

intensity and effective core area, respectively. The Bragg wavelength  𝜆𝐵= 2𝑛𝑒  , where and 𝑛𝑒are grating period and 

gold grating’s effective refractive index.  

 

 

Figure 1: The 3D pattern recognition system, where (a) fabrication system, where nonlinear phase modulator is labelled 

NLM. The microring center has embedded gold gratings. The reference and sensing arm tips have gold layer, (b) sensor 

circuit, where 𝐸𝑖𝑛 (input port), 𝐸𝑎𝑑𝑑 (add port), 𝐸𝑑 (drop port) and 𝐸𝑡ℎ (throughput port), microring center radius is 

labelled Rd, small ring radii are labelled RL and RR are the side ring radii, while coupling constants (K1-K4). The other 

parameters are given in Table 1. The feedback is protected by applying the isolator. 



 

 

3. Results and Discussion 
The OptiFDTD and Matlab programs were used for the simulation. The OptiFDTD of version 12.0 (OptiFDTD 2019) is 

firstly used for simulating the fabricated system as shown in Figure 1(a). The input light (dark soliton) of 1.50µm 

wavelength enters the system via the input port as given in equation (1) and the system outputs are described in equations 

(7 and 8). The small side rings also known as the phase modulators induce the nonlinearity effect in the plasmonic 

sensing system and the WGM is observed at the microring center with optimized parameters in Table 1 as shown in 

Figure 2. The nonlinearity effect enables the trapping of light at the microring center. The number of time steps employed 

in simulation is 20,000, which was applied for the resonant condition. The embedded gold gratings produce the Bragg 

wavelength when polaritons induced by the gratings lead to dipole oscillations. The Matlab program uses the extracted 

parameters from the OptiFDTD results as a second step in simulating the 3D fringe pattern. The schematic diagram in 

Figure 1(b) outlines the process involved in the 3D interference fringe pattern construction. The spin up   0 with 

the spin matrix 
ℏ2 |0 −𝑖𝑖 0 |, and spin down   1 with the spin matrix 

ℏ2 |0 11 0|of electrons results when the gold 

gratings are illuminated by the input light where the electron density[𝑛 =  𝜔𝑝2𝑒2 𝜖0𝑚] is formed by the electron cloud 

oscillations.In manipulation, the change in the trapped electron density is formed by changing the gold sensing arm 

length.  

 

 
 

Figure 2: Plot of the Opti-wave results, where the whispering gallery mode is formed by using suitable parameters as 

given in Table 1, where (a) the optical intensity, (b) electric field distribution. 

 

The length of the gold layer at the tip of the reference arm is fixed while for the tip of the sensing arm it is varied. 

The space signal is multiplexed with time at the add port to produce the space-time function as written in an equation (2), 

in which the electron spin projection can be applied. The interference fringe is formed by the reflected and sensing arms, 

which is described in an equation (3). When the length of the gold layer is changed at the sensing arm, it changes the 

detector’s output as written in equations (9 and 10). The final output is detected at the drop port, where the spin-down and 

spin-up of the trapped electrons are the projections from the x-y, x-z and y-z planes, respectively. The trapped electron is 

transported along the z-axis, which is lead to the construction of the 3D interference fringe pattern. By using the space-

time control, the required spin projection can be obtained. Figure 3(a)-(c) is the 3D interference fringe pattern for three 

different gold lengths of 100 nm, 200 nm, and 300 nm where the obtained codes can form the pattern recognitions. The 

interaction between electrons and exciting stimuli in the plasmonic sensor can generate the interference fringes (patterns) 

shown in Figures 3 and 4. The physical point of view is the generated 3D-fringe patterns which form the quantum codes 



 

 

(spin up and spin down of electrons), where the patterns in the quantum codes are recognized by the plasmonic sensing 

scheme. The quantum codes in the x-y, x-z and y-z planes are shown in Table 2. The specific codes of the 3D electron 

spin projections can be formed. The spin-up is 0and spin down is 1. The transporting electrons can be configured as no 

code, which leads to having the triple codes as [0, -, 1]. The sign “–” represents the code of transmitted electrons without 
the projection. 

 

 

 

 

 

 

 

 

Figure 3: The 3D interference fringe plot for (a) 100nm gold length (b) 2000nm gold length (c) 300nm gold length 



 

 

 

 

 

Figure 4: The 3D interference fringe plot for 100-1000 nm gold lengths 

 

 

Table 1: The optimized simulation parameters (Pornsuwancharoen et al.2017; Prabhu et al., 2010; Blaber et al. 2009) 

Parameters Values Units 

Input power(P) 20 mW 

Length of silicon linear waveguide (L) 15.0 µm 

Si microring center radius (Rd) 3.0 µm 

Left small-ring radius (RL) 1.0 µm 

Right small-ring radius (RR) 1.0 µm 

Au dielectric constant (𝜀𝑜) 6.9  

Gold permittivity (𝜖) 10.0  

Gold layer length (La) 100-1000 nm 

Width of Au grating (WAu) 0.4 µm 

Thickness of Au grating (d) 0.2 µm 

Length of Au grating (LAu) 1.6 µm 

Amplitude Mode (Hq) 1.0  

Coupling coefficient (K) 0.7-1.0  

Loss of insertion ( ) 0.5  

Au refractive index (n) 1.8  

Amplitude coefficient (kij) 0.01  

Si refractive index (nSi) 3.42  

Reflection coefficient (ra, rb) 0.5  

Elastic coefficient (pe) 0.22  

Si refractive index nonlinear (n2) 1.3x10-13 m2W-1 

Input light wavelength (𝜆1) 1.50 µm 

Waveguide core effective (𝐴𝑒𝑓𝑓) 0.30 μm2 

Waveguide loss (α) 0.50 dB.(𝑐𝑚)−1 

Plasma frequency (ωp) 1.2990x1016 radsec-1 

Electron mass (m) 9.11x10-31 kg 

Electron charge (e) 1.6x10-19 Coulomb 

Permittivity of free space (𝜖𝑜) 8.85x10-12 Fm-1 

Reduced Planck’s constant (ℏ) 1.00 ARU 

 

  



 

 

Table 2: Results of the quantum codes obtained from the interference fringe patterns in Figure 3. 

 

Figures  Gold 

Length 

(nm) 

Directions Pattern recognition codes 

3(a) 

 

 

100 x-y 

x-z 

y-z 

[01010101010101010101010101010101] 

[101101101101101101101101101101101101101101101101] 

[001001001001001001001001001001001001001001001001] 

 

3(b) 

 

 

 

 

3(c) 

 

200 

 

 

 

 

300 

 

x-y 

x-z 

y-z 

 

 

 

x-y 

 

x-z 

 

y-z 

 

[01010101010101010101010101010101010101010101010101] 

[1011011011011011011011011011011011011011011011011011

01101101101101101101101] 

[0010010010010010010010010010010010010010010010010010

01001001001001001001001] 

 

[0101010101010101010101010101010101010101010101010101

01010101] 

[1011011011011011011011011011011011011011011011011011

01101101101101101101101101101101101101] 

[0010010010010010010010010010010010010010010010010010

01001001001001001001001001001001001001] 

 

 

4. Conclusion 
A plasmonic sensing circuit for the construction of a 3D interference fringe pattern is proposed. WGM is generated and 

excited by the embedded gold gratings at the microring center. The trapped electrons are excited and interfered by the 

applied stimuli. The plasmonic sensing circuit produced the transport electron cloud that can e applied to form the 

quantum interference based on the Michelson interferometer. The interference fringes are formed by the reflected sensing 

and reference arms, from which the fringe patterns can be formed by the trapped electron interference and detected at the 

detector. The 3D interference fringes are constructed from the trapped electron spin-down   1 in the x-axis and 

spin-up   0 in the y-axis, respectively, while the trapped electrons propagate in the z-axis. In application, a 

proposed circuit can be applied to pattern any form of disturbances, which can be coded and used for pattern recognition 

and recovery. Moreover, the high-density quantum codes known as quantum cellular automata (QCA) can also be applied 

by the proposed circuit, where the changes in the electron cloud spins can be identified and specific codes obtained. 

 

Acknowledgement 
The authors would like to acknowledge the research facilities from Ton Duc Thang University, Vietnam. 

 

Funding: 
Not applicable. 

 

Competing Interests: 

The authors have declared no conflict of interest. 

 

Availability of data and materials: 
Not applicable. 

 

Code availability 

Not applicable. 
 

Authors Contributions: 
Arumona Edward Arumona: simulation, analysis, writing original draft, Anita Garhwal: Matlab results improvement, 

review and discussion, Phichai Youplao: validation, comparing Optiwave and Matlab results, visualization, and 

discussion, Kanad Ray: modeling, analysis, discussion, final editing, Wanchai Khunnam: improve the writing draft, 



 

 

and discussion, Preecha Yupapin: conceptualization, supervision, review, editing and submission. All authors have read 

through the manuscript. 

 

References 
Agrawal, G.P. Nonlinear fiber optics: its history and recent progress [Invited].: Journal of Optical Society America B,28, 12, A1-A10 

(2011). 

Arumona, A.E., Amiri, I.S., Punthawanun, S. et al.: 3D quantum interferometer using silicon microring embedded gold grating circuit. 

Microscopy and Research Technique, 83, 10, 1217-1224 (2020). 

Bakhtiar, L.A., Hosseinzadeh, M.: All optical residue arithmetic with micro ring resonators and its application. Optical and Quantum 

Electronics Journal, 48, 125, 1-13 (2016). 

Bhnassy, M.A., Hagras, E.A.A., El-Badawy, E.A. et al.: Image encryption and watermarking combined dynamic chaotic hopping 

pattern with double random phase encoding DRPE. Optical and Quantum Electronics Journal, 51, 246, 1-18 (2019). 

Blaber, M.G., Arnold, M.D., Ford, M.J.: Search for the ideal plasmonic nanoshell: The effects of surface scattering and alternatives to 

gold and silver. J. Phys Chem C, 113, 3041-3045 (2009). 

Farrokhi C.Z., Bahrami, A., Mohammadnejad, S.: MMI-based all optical multi-input XOR and XNOR logic gates using nonlinear 

directional coupler. Optical and Quantum Electronics Journal, 47, 3477-3489 (2015). 

Hong, W., Wang, J., Li, W.: CSK hopping pattern model for visible light communication networks. Optical and Quantum Electronics 

Journal, 51, 108, 1-17 (2019). 

Imtiaz, W.A., Ahmed, H.Y., Zeghid, M. et al.: Two dimensional optimized enhanced multi diagonal code for OCDMA passive optical 

networks. Optical and Quantum Electronics Journal, 52, 33, 1-17 (2020). 

Jordovic-Pavlovic, M.I., Kupusinac, A.D., Djordjevic, K.L. et al.: Computationally intelligent description of a photoacoustic detector. 

Optical and Quantum Electronics Journal, 52, 246, 1-21 (2020). 

Kotb, A., Guo, C.: All optical NOR and XNOR logic gates at 2Tb/s based on two-photon absorption in quantum-dot semiconductor 

optical amplifiers. Optical and quantum electronics Journal 52, 30, 1-19 (2019). 

Kowsari, A., Saghaei, H.: Resonantly enhanced all-optical switching in microfiber Mach-Zehnder interferometer. Electronic Letters, 

54, 4, 229-231 (2018). 

Kumar, A.: Application of micro-ring resonator as high speed optical gray code converter. Optical and Quantum Electronics Journal, 

48, 460, 1-14 (2016). 

Kumar, A., Kumar, M., Jindal, S.K. et al.: Implementation of all optical active low/high tri-state buffer logic using the micro-ring 

resonator structures. Optical and Quantum Electronics Journal, 51, 191, 1-18 (2019). 

Liu, J., Mao, L., Ku, J. et al.: THz spectroscopy detection method for GMOs based on adaptive particle swarm optimization. Optical 

and Quantum Electronics Journal, 48, 167, 1-9 (2016). 

Maity, G.K., Mandal, A.K., Manik, N.B. et al.: All optical TOAD based new binary sequence generator. Optical and Quantum 

Electronics Journal, 48, 329, 1-15 (2016). 

Metya, S.K., Janyani, V.: Improved dispersion tolerance of Miller coding by integrating duobinary coding. Optical and Quantum 

Electronics Journal, 47, 125-130 (2015).  

Morsy, M.A., Alsayyari, A.S.: Multi rate OCDMA system BER performance evaluations for different ML-code sequences. Optical and 

Quantum Electronics Journal, 51, 198, 1-18 (2019). 

Mu, Y., Jiang, J., Ding, N. et al.: A 7.4kHz, 20-bit image encoder with a CMOS linear image sensor. Optical and Quantum Electronics 

Journal, 51, 321, 1-13 (2019). 

OptiFDTD Technical Background and Tutorials (Finite Difference Time Domain) Photonics Simulation Software, Version 12.0. 

http://www.optiwave.com, Searched on 20th Sept, 2019. 

Pornsuwancharoen N., Amiri, I.S., Suhailin, F.H., Aziz, M.S., Ali, J., Singh, G., and Yupapin, P.: Micro-current source generated by a 

WGM of light within a stacked silicon-graphene-Au waveguide.IEEE Photon. Technol. Lett., 29, 1768 – 1771 (2017). 

Prabhu, A.M., Tsay, A., Han, Z., Van, V.: Extreme miniaturization of silicon add-drop microring filters for VLSI photonics 

applications.IEEE Photonics Journal, 2, 436-444 (2010). 

Phatharacorn, P.,Chiangga, S., Yupapin, P.: Analytical and simulation of a triple micro whispering gallery mode probe system for a 3D 

blood flow rate sensor.Applied Optics, 55, 9504-9513 (2016). 

Salehi, M.R., Dehyadegari, L.: Nanophotonic reservoir computing for noisy speech recognition. Optical and Quantum electronics 

Journal, 48, 281, 1-18 (2016). 

Si, C., Yan, Y.: Discriminative local difference patterns for robust face recognition.  Electronic Letters, 51, 25, 2108-2109 (2015). 

Soliman, R.F., Amin, M., Abd EL-Samie, F.E.: A double random phase encoding approach for cancelable iris recognition. Optical and 

Quantum Electronics Journal, 50, 326, 1-12 (2018). 

Szuatakowski M., Palka N.: Contrast sensitive fiber optic Michelson interferometer as elongation sensor.Opto-electron. Rev.,13, 1, 19–
26 (2005). 

Tunsiri, S., Thammawongsa, N., Threepak, T., Mitatha, S., Yupapin, P.: Microring switching control using plasmonic ring resonator 

circuits for super-channel use.  Plasmonics, 14, 1669-1677 (2019). 

Zhaohui, M., Xiaodong, G.: Hand vein recognition using local block pattern.Electronic Letters,49, 25, 1614-1615 (2013). 

http://www.optiwave.com/


Figures

Figure 1

The 3D pattern recognition system, where (a) fabrication system, where nonlinear phase modulator is
labelled NLM. The microring center has embedded gold gratings. The reference and sensing arm tips
have gold layer, (b) sensor circuit, where E_in (input port), E_add (add port), E_d (drop port) and E_th
(throughput port), microring center radius is labelled Rd, small ring radii are labelled RL and RR are the
side ring radii, while coupling constants (K_1-K_4). The other parameters are given in Table 1. The
feedback is protected by applying the isolator.



Figure 2

Plot of the Opti-wave results, where the whispering gallery mode is formed by using suitable parameters
as given in Table 1, where (a) the optical intensity, (b) electric �eld distribution.



Figure 3

The 3D interference fringe plot for (a) 100nm gold length (b) 2000nm gold length (c) 300nm gold length



Figure 4

The 3D interference fringe plot for 100-1000 nm gold lengths


