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Abstract 

We propose a new system of the secret data encoding using a quantum memory that can be formed the high capacity secret codes 
for camera security. The high capacity encoding is formed by using the spatial mode of the soliton pulse, where the selected 
output can be stored and the quantum code generated. The perfect security concept by using the single photon property can be 
used within the embedded device in the camera. 
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1. Introduction 
Optical Soliton has been recognized as nonlinear behaviors of soliton light in optical devices have shown useful 

in some cases. Firstly, Yupapin et al [1] have shown that the nonlinearity behaviors of light in waveguide micro ring 
resonator such as chaos, bistability and bifurcation become benefits in several aspects. More details of penalty and 
benefit of light in fiber optic have been described exclusively by Mario [2]. Secondly, There are more useful 
applications investigated and confirmed by Yupapin et al [3], [4], where the chaotic behavior of light in fiber 
optic/micro ring device could be used to process the information security. They have also shown that such a device 
could be implemented within the mobile telephone device and system [NOVA], where the telephone conversation 
security is plausible. Further, there is other behavior known as bifurcation has found useful in digital coding.

 

* Corresponding author. Tel.: +66-42-772-391; fax:  +66-42-772-392 
E-mail address: jeewuttinun@gmail.com 

© 2011 Published by Elsevier Ltd.

1877–7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.03.037

Procedia Engineering 8 (2011) 200–206

Open access under CC BY-NC-ND license.

Open access under CC BY-NC-ND license.

http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


Nithiroth Pornsuwancharoen et al. / Procedia Engineering 8 (2011) 200–206 201

2. Operating Principle 
To perform the proposed concept, a bright soliton pulse is introduced into the multi-stage nano ring resonators as 

shown in Fig. 1, the input optical field (Ein) of the bright soliton pulse input is given by an Eq. (1)[5] as 
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Where A and z are the optical field amplitude and propagation distance, respectively. T is a soliton pulse 
propagation time in a frame moving at the group velocity, T = t- 1z, where 1 and 2 are the coefficients of the linear 
and second order terms of Taylor expansion of the propagation constant. 2
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is the dispersion length of 
the soliton pulse. T0 in equation is the initial soliton pulse width. Where t is the soliton phase shift time, and he 
frequency shift of the soliton is 0. This solution describes a pulse that keeps its temporal width invariance as it 
propagates, and thus is called a temporal soliton. When a soliton peak intensity 2

02 / T  is given, then oT  is known. 

For the soliton pulse in the micro ring device, a balance should be achieved between the dispersion length (LD) and 
the nonlinear length (LNL= (1/ NL), where  = n2k0, is the length scale over which dispersive or nonlinear effects 
makes the beam becomes wider or narrower. For a soliton pulse, there is a balance between dispersion and nonlinear 
lengths, hence NLD LL .  

When light propagates within the nonlinear material (medium), the refractive index (n) of light within the 
medium is given by 
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where n  and n  are the linear and nonlinear refractive indexes, respectively. I  and P  are the optical intensity and 
optical power, respectively. The effective mode core area of the device is given by effA . For the micro ring and nano 

ring resonators, the effective mode core areas range from 0.50 to 0.1 m2 [10], where they found that fast light pulse 
can be slow down experimentally after input into the nano ring. 

When a soliton pulse is input and propagated within a micro ring resonator as shown in Fig. 1, which consists of 
a series micro ring resonators. The resonant output is formed, thus, the normalized output of the light field is the ratio 
between the output and input fields ( )(tEout

 and )(tEin
) in each roundtrip, which can be expressed as [5, 15] 
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The close form of equation (3) indicates that a ring resonator in the particular case is very similar to a Fabry-
Perot cavity, which has an input and output mirror with a field reflectivity, (1- ), and a fully reflecting mirror. is 
the coupling coefficient, and 2/exp Lx represents a roundtrip loss coefficient, kLn  and 

2
2 inNL EkLn   are the linear and nonlinear phase shifts, /k  is the wave propagation number in a vacuum. 

Where L and are a waveguide length and linear absorption coefficient, respectively. In this work, the iterative 
method is introduced to obtain the results as shown in equation (3), similarly, when the output field is connected and 
input into the other ring resonators. 

We assume that the polarization rotation of light travelling along the optical devices is represented by the 
rotation matrix (M) as equation (2.4). 
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Generally, there are two pairs of the possible polarization entangled photons, which they are represented by the 
four polarization orientation angles as [0o, 90o], [135o and 180o]. They can be formed by using the optical 
component called the polarization rotatable device and PBS. 

When polarized light propagates in fiber optic, the change in birefringence is introduced. This means the 
changed in phase of the entangled photon pair is occurred. Where the transversal walk-off produces a shift between 
the ordinary and extraordinary, while the longitudinal walk-off introduces a time delay between horizontally and 
vertically polarized photons. The amount of the walk-off depends on the location where the photon-pairs are created 
within the fiber. This position is completely random due to the coherent nature of light in fiber optic. To compensate 
the longitudinal timing-walk off effect, a polarization controller is recommended to ensure that the polarization 
rotation is the same on both photons from the entangled pair. Additionally the compensator fiber is used to change 
the relative phase  of the states of the polarized light. Because of the change in birefringence, the tilting of the 
compensator allows to apply a phase shift to the entangled states of the two entangled photons, which is given by 
Eq. (6) as [1] 
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The investigation of the output light characteristics within the ring device is described as following details. A 
Gaussian input pulse with peak power at 4.25 mW is input into the device via the input port. We use a ring device 
radius of 10  m. To generate the optimum possibility of four-wave mixing (i.e. superposition) of polarized light, the 
quantum chaotic behaviors can be described by using the matrix representation in equation (4). When the chaotic 
signal is generated then passing through the rotatable polarizer and polarizing beam splitter. The required azimuth 
angle is adjusted to obtain the specific orientation angle via the rotatable polarizer. The random entangled photon 
pair is split via a PBS and detected by the two detectors. In general, the entangled photon pairs may be formed by 
two different forms of the orientation angles [(0o, 90o) or (135o, 180o)], which is represented by light travelling into 
the optical components as described earlier. 

 
3. Distributed Spatial Light Pulses 

In operation, the localized soliton pulses can be stored within the micro ring device as shown in Fig. 1. In Fig. 2, 
results obtained have shown that the multi-soliton pulses can be generated and localized within the device (ring R3), 
where the ring radii are R1= 10 m, R2=7 m, R3= 4 m, where R3=R4 (Rd=R4). The obtained results of the multi-
soliton pulse generation are ; (a) large bandwidth signals, (b) and (c) temporal solitons, (d) localized solitons, (e) 
store light memory times (f) expand of the store light signal and filtering signal  (g) and (h) and the FWHM of the 
pulse is 4 pm.  The key advantage of the proposed system is the multi-soliton pulses, which is available for 
multiplex/distributed sensing applications. Since, a soliton communication has been recognized as a good candidate 
for long distance communication.  

To generate a single soliton with slightly difference in wavelength, the input soliton pulse is chopped (sliced) into 
a smaller signal spreading over the spectrum as shown in Fig. 3(b), which is shown that the large bandwidth signal is 
generated within the first ring device.  Fig. 3(c) and (d) shows the compressing in spectral width of the output 
signals, with the parameters used are R1=10 m, R2= 5 m, R3=R4=R5=2.5 m, R6= 5 m and R7=10 m. In operation, 
the upstream and downstream conversion of soliton generation can be performed using the system as shown in Fig. 
1. Furthermore, the generated soliton/signal can be stored within a nano-waveguide (ring R4), which is confirmed by 
Yupapin and Pornsuwancharoen [5]. Whereas the trapping pulse is circulated within the nano-waveguide 
(stopping/storing pulse), which is available to detect, i.e. it can be slowed down and detected by any available 
detector. They have also found that the light pulse energy recovery can be obtained by connecting into the nano ring 
device. By using an equation (3), the output light pulse within a ring R4 is obtained, where the main parameters that 
can provide the constant coupling energy are K31, K32 and the input power.  

The tunable spatial solitons can be obtained by using the array waveguide as shown in Fig 4, which means that 
the multi-solitons can be stored within the ring R3(or R4). The regeneration of the stored signals can be performed by 
using the ring radii R5, R6 and R7, respectively. However, the coupling losses are included within the power 
distribution. The induce change within the ring R4 is occurred and detected relating to the applied physical 
quantities. The sensing system is as shown in Fig. 4, whereas the signal detection device can be optical spectrum 
analyzer, wavelength tuner, wavelength filter, or the recovery ring resonator. 
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(a) 

(b)

(c)

Fig. 1. A schematic of an upstream and downstream soliton generation system with a storage unit, where     Rs: ring 
radii, s: coupling coefficients, MRR: micro ring resonator, NRR: nano ring resonator is  a)  and  b) is a schematic 

of the entangled photon generation system; PBS: Polarizing Beam Splitter, Ds: Detectors. c)  is  show the 
application system for the CCTV quantum memory photon state and storage with micro ring resonator. 
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Fig. 2. Results of the multi-soliton pulse generation, where (a) input soliton, (b) large bandwidth signals, (c) spatial 
soliton of filter signal, (d) soliton cancellation. (e) store light memory times (f) expand of the store light signal and 

filtering signal  (g) and (h) and the FWHM of the pulse is 4 pm. 
 

Fig. 3. Results of the multi-soliton pulse generation, where (a) input soliton, (b) large bandwidth signals, (c) spatial 
soliton of filter signal, (d) soliton cancellation. (e) store light memory times (f) expand of the store light signal and 

filtering signal  (g) and (h)   and the FWHM of the pulse is 2 pm. 
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 Fig. 4.  The full width half maximum (FWHM) is 1 pm narrow and very-high output power. 
 

       
(a) (b) 
 

Fig.5. a) is Digital code : H Code: 000000111101111000000000111110000000000001100011001     b)  is Digital 
code: V Code:101000000000000100100000000001000010100000000000100 

 
In Fig. 5, (a) the relationship between the output signals and roundtrips, where the chaotic behavior occurs when 

the roundtrips is 20,000 roundtrips, and the optical power is2.0 mW, (b) the threshold power is 3.5 mW, and the 
encoding roundtrips are ranged from 9000 - 9050, (c) the clipping signal using the least-square method, (d) the 
chaotic codes using the approximation method, where the logic codes is configured as the following [ H Code: 
000000111101111000000000111110000000000001100011001], and the digital code:  V Code: 
101000000000000100100000000001000010100000000000100] which there are 50 logic codes, and  a roundtrip 
time is found to be 29 x 10 -12 sec.    

5. Conclusion 
We have demonstrated that the use of micro ring resonator could be performed as the device for security 

application. The filtering and storage signals can be formed and used incorporating the required packet of data in 
transmission line or optical network system and security camera network.  In practice, the nano ring device, the 
soliton source and nonlinear materials are available and realized in commercial market. The signal obtained with full 
width half maximum (FWHM) of 1 pm can be achieved .Which means that this new technique is alternative choice 
for data security which can be implemented within a camera by using a quantum coding, and formed the camera 
security code, which could be plausible in the realistic applications for  optical CCTV in near future. 
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