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Introduction

Artificial eyes are among the most important organs which 
can give the blind person sight ability. Normally, the bionic 
eye has become the basic artificial eyes for the blind and 
depends on the circumstances surrounding the loss of 
sight. The retinal prostheses are the most prevalent visual 
prosthetic under developments, in which the candidates 
for visual prosthetic implants find the most successful pro-
cedure if the optic nerve is developed prior to the onset of 
blindness. Persons born with blindness may lack a fully 
developed optical nerve, which typically develops prior  
to birth. Visual prosthetics are being developed as a poten-
tially valuable aid for individuals with visual degradation, 
where all other efforts remain investigational, and most  
have not yet employed to any clinical use in patients.

Artificial vision device has become the important instru-
ment for various applications, for instance, surveillance, 
blind people, robot, eyesight problem, especially, for the 
humanoid robotic applications. Results in both design and 
practical works have been reported (Weiland and Humayun 
2006, Jeong et al. 2006, He et al. 2013, Tamee et al. 2013a) and 

the potential applications have been developed (Dobelle 
2000, Kaniusas et  al. 2011, Tamee et  al. 2013b), where one 
aspect of results has shown the feasibility of using artificial 
eyes (vision) for human eye replacement (Jonas et al. 1992, 
Jonas et  al. 2004). The possibility of vision image connec-
tion between optic nerve and brain cells can be realized  
(Cavallini et  al. 2013), which is useful for realistic artifi-
cial eye use. The use of THz technology can be adopted to 
employ with human tissue penetration and investigation, 
where there are some works reported the use of THz for 
imaging and investigations (Zainol et al. 2013, Tamee et al. 
2013). An interesting result is the use of whispering gallery 
mode (WGM) of light within a tiny optical device, where  
the 3D image basic device, known as a conjugate mirror, 
can be easily constructed using the WGMs of light within a 
PANDA ring circuit (Uomwech et  al. 2010, Yupapin 2013). 
The THz WGMs can also be generated, and used to form the 
3D image and linked to the optic nerve and brain (Sarapat 
et  al. 2013). Using this method, the artificial vision (bionic 
eyes) can be constructed and realized.

Extrasensory perception (ESP) is involved in the recep-
tion of information, which is not gained through the recog-
nized physical senses but it is sensed by the mind. Till date, 
the scientific community rejects the ESP due to the absence 
of an evidence base, the lack of a theory which could explain 
the ESP, and the lack of experimental techniques which  
can provide reliably positive results [15, 16](Optic nerve, 
Wikipedia, Searched by November 2013, Weebly - etenet-
work.weebly.com, Searched by November 2013). This article 
presents the conceptual model of the ESP of vision, which 
is based on the simulation results. However, the device 
parameters and materials can be fabricated and the pro-
posed model for 3D artificial vision can be formed, using the 
conjugate mirrors and nano-antenna (Thammawongsa et al. 
2012). The basic concept of small-scale optical system using 
a conjugate mirror is described. Such a device is formed  
by a PANDA ring resonator as a foundation, and will be a 
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Abstract
A small-scale optical device incorporated with an optical nano-
antenna is designed to operate as the remote artificial eye using 
a tiny conjugate mirror. A basic device known as a conjugate 
mirror can be formed using the artificial eye device, the partially 
reflected light intensities from input source are interfered 
and the 3D whispering gallery modes formed within the ring 
centers, which can be modulated and propagated to the object. 
The image pixel is obtained at the center ring and linked with 
the optic nerve in the remote area via the nano-antenna, which 
is useful for blind people.

Keywords: artificial eyes, extrasensory sensors,  
image perception, tele-imaging sensors
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useful source for readers in many areas. In practice, when 
the realistic device parameters are used, such a device can 
be fabricated and implemented, especially, for artificial eye 
applications, which can therefore be available for various 
works in the near future. In simulation, the partially reflected 
light intensities from two device ends are interfered and the 
3D WGMs within the small ring constructed by four-wave 
mixing of waves. The 3D image (pixel) can be linked to the 
optic nerves (optic chiasm) via the nano-antenna. The scan-
ning image for large area is also available, where finally the 
3D images can be constructed and linked to the human chi-
asm and brain cells for perceptions.

Background

WGMs of waves were first explained by Lord Rayleigh to 
excite mechanical WGMs within micro-resonators [13, 
18](Yupapin 2013, Yupapin and Phatharacorn 2013). In 
this paper, the principle of WGMs within a PANDA ring 
resonator is used to form the artificial eye model, and is 
analytically solved. However, the simulation results are 
obtained and presented using the experimental simula-
tion technique, which will be demonstrated in the fol-
lowing section. To obtain the required information, the 
electromagnetic field in the form of WGM is described 
and discussed using the specific conditions, where finally, 
the finite difference time domain (FDTD) method is used 
to obtain the results, the FDTD details are found in the 
references [19, 20](OptiFDTD 2008, Taflove and Hagness 
2005). The artificial eye with nano-antenna system is 
modeled as shown in Figure 1. It is formed by a cascaded 
ring resonator system, which is a complementary PANDA 
ring resonator.

When a Gaussian pulse is input into the device input 
port, the electromagnetic field in the form of WGM can be 
described and generated within a PANDA ring circuit using 
the Maxwell’s equations [14, 18](Sarapat et al. 2013, Yupapin 
and Phatharacorn 2013), where r (rho) is the radial distance 
and ϕ is the angle measured counterclockwise from the polar 
axis to the ray from the origin.

Using the separation method, Maxwell’s wave equation 
can be obtained and split into two equations (i) radial and 
(ii) azimuthal components. Solutions of this equation are 
the complex exponentials, which are given by E ez

im( )ϕ ϕ  . 
The radial equation is the Bessel’s equation, is given as.
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The solutions of Bessel’s equation are the Bessel’s functions 
of the first Jm and the second Ym kinds, respectively. As the 
second function is singular at the origin, only the first kind 
function is retained inside the ring, whereas outside the ring 
both the functions are well behaved and must be retained. 
The Hankel functions are linear superposition of two Bessel 
function solutions corresponding to outward, H J iYm m m
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2    propagating cylindrical waves. 
The analysis of wave arriving at the resonator from the radial 
horizon is not considered here, and thus only the Hankel 
function of the first kind, Hm

1 , is retained. The WGM solution 
within the PANDA ring can be solved and obtained using 
the cylindrical coordinate, in which the solutions are given 
via the Bessel’s functions [18](Yupapin and Phatharacorn 
2013).
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In Figure 1, the WGMs of light can be formed when the 
maximum optical fields, Emax ( , )ρ φ  in Equation (2), satisfy 
the resonant condition that are located at the center rings 
R1, R2, and R3. From Equation (3), all parameters can be 
numerically solved and results are obtained via FDTD and 



Figure 1. Schematic diagram of 3D image transmission system using 
ring conjugate mirror connected by a transmitter (antenna), where 
Ei: optical fields, ki: coupling coefficients, Ein: input port (field), Eth: 
through port, Edrop: drop port, Eadd: add port, Lx: length in mm.
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MATLAB programs. The required WGMs are described by 
the following details; R1 and R2 WGMs represent the inci-
dent light beams to the target object, where the reflected 
beams are interfered in the conjugate mirror, in which 
the 3D image is constructed using the four-wave mixing 
method within the R3 ring, where the 3D image (a pixel) 
is formed. In application, the WGM switching directions 
can be controlled and the required direction is obtained. 
In Figure 1, the center WGM output is formed the reference 
signal, while the coupling signals between through and 
drop ports are transmitted by the nano-antenna.

Simulation results

In simulation, a 100 fs Gaussian pulse is modulated by a 
200-THz (1012 Hz) carrier and incident via the PANDA ring 
input port into the artificial eye model. The vertical wave-
guide thickness and material composition is considered by 
computing the effective refractive index, neff, for the funda-
mental mode at l  1.55 mm. In the vertical direction, each 
waveguide structure is 0.45 mm thick, with vertical core 
thicknesses of 0.3–0.5 mm, and the neff value is between 3.2 
and 3.4. The parameters are obtained using the practical 
material parameters. The used material is an InGaAsP/InP 
[14](Sarapat et al. 2013). Therefore, the waveguide core, with 
refractive index n1  3.14, is bordered on each side by air 
(n2.  1). The parameters of the add-drop optical multiplexer 
and the side rings on the left- and right-hand sides of the 
three cascade ring radii are R1  R2  3 mm, the center ring 
radius is R3  1 mm. The coupling coefficients are ki  0.6, 
i  1–6, the effective core area of the waveguides is Aeff  0.25 
mm2, and the waveguide loss coefficient is a  0.1 dBmm1, 
n2  1.3  10 17 cm2/W. In this article, the simulation results 
are achieved using the Optiwave FDTD and MATLAB pro-
grams [19, 20](OptiFDTD 2008, Taflove and Hagness 2005). 
The WGM result is obtained via Optiwave as shown in  
Figure 2a. The WGMs can be generated and controlled 
to localize within center ring and two-side rings, which 
depends on the used parameters and conditions, where the 
other input signals can be modulated by the ADD port input 
signals. A pixel of artificial vision is designed to produce the 
3D images (visual signals), where the image (data signal) 
can be transmitted by modulating the signal amplitude of 
the various wavelengths. The switching direction can be 
controlled by the input signal via the add port (modulation) 
as shown in Figure 2b.

In Figure 3, the WGMs are obtained and shown by peaks 
(red color) and valleys (blue color), respectively. The WGM 
peak signals are incident to the target object, in which the 
reflected light beams from the target object is interfered 
within the artificial eyes, in which the 3D image informa-
tion is formed by the four-wave mixing of waves as shown 
by WGMs in the valleys. To confirm the 3D image construc-
tion, the four-wave mixing output is required for each pixel, 
where one of them is plotted and shown in Figure 4, which  
is the symmetrical interference signals under four-wave  
mixing and gives a symmetrical output signal. The output 
signals are modulated and transmitted via the antenna to  
the require destination as shown in Figure 5a. The image 

information is then input into the receiving antenna and 
directed to the artificial eyes, which is connected to the optic 
nerves and chiasm, where finally, the 3D image can be rec-
ognized by the brain cells.

From Figure 5, the proposed system is a micro-scale 
device, which is about 100 mm and 10 times of human hair 
dimension. Such a tiny device can be fabricated and embed-
ded on chip, which can be connected to the optic nerves/
cells. In operation, the 3D pixels in the form of WGM signals 
can be generated and controlled using the system in Figure 
1, for instance, the WGM switching signals can be selected to 
the required directions, that is, switching up or down direc-
tion, which can be useful for 3D image information connec-
tion as shown in Figure 5 [21](Bem 1967), where the image 
information is constructed and represented by R3 WGMs. 
This information is then connected by the transmitter to the 
receiver and optic nerve cells and chiasm as shown in Figure 
5b and c.

The ESP conceptual model can be constructed and oper-
ated using the remote artificial eyes, in which the imaging 
transmission (perception) can be functioned by the nano-
antenna, where the 3D image information can be modulated 
and transmitted to the receiving antenna. The modulated 
image signals are entered into the receiving artificial eyes and 
the image information connected directly to the brain cells, 
which is faster than the normal image transmission device, 
for instance, a multimedia device. The sequent images can 


Figure 2. Schematic of WGM switching signals, where (a) 3D  
whispering gallery mode of light within a 3CR (3 cascaded rings  
(3CR) waveguide, (b) the switching signals (up or down) can be 
controlled using the modulated signal input.
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Conclusion

The ESP model using remote artificial eyes has been pro-
posed, in which a micro-ring resonator system has been 
designed and used as a small-scale artificial vision device 
(pixel) for artificial eye applications. A single point 3D 
image of the target object is presented by an image forming 
within the device and can be constructed for large-scale 
images and linked to the optic nerve and brain cells, which 
can be used for artificial vision. To confirm the 3D image 
output, such a required result of the 3D image is shown 
by the output result of the WGM signals in terms of four-
wave mixing concept, which is confirmed. In application, 
the large area of devices can be formed and constructed 
by a thin-film technology, which can be used for imaging 
devices, artificial eyes and humanoid robot eyes, in which 
the eye sight and blindness problems can be investigated 
and solved. Moreover, such a conceptual model can be 
formed and linked by electromagnetic waves and signals 
via antenna that can be external installation or embedded 
on chip into the required users, which can be useful for 
ESP investigations. The proposed system is constructed 
using the electromagnetic wave propagation, which can 
be useful with full ranges of ESP applications (Ali and 
Yupapin 2014, Yupapin et  al. 2014, Pantian and Yupapin 
2013), where the use such as telepathy, clairvoyance, pre-
cognition, and psycho-kinesis can be investigated by the 
similar manner.

be constructed and transferred via the transmitted nano-an-
tenna, where finally, the required images can be constructed 
and seen by the end users via the received nano-antenna. 
The speed of transferring image depends upon the user-
switching ability; however, in application, large volume of 
images can be stored by the personal memory device (chip), 
which can be loaded and recovered by the users later on.

Figure 3. Simulation results of two-dimensional plot and nicely 
demonstrates the phase conjugate normalized intensities (center ring 
results) from top are 30, 32, 33 and 36 fs (10  15 s), in which different 
switching directions are applied (red: peaks and blue: valleys).

Figure 5. An implanted optical 3CR chip design system for a remote 
artificial eye system, where (a) image construction, (b) transmitter, (c) 
receiver, optic nerve and optic chiasm connection.


Figure 4. Shows the two-dimensional plot and nicely demonstrates the 
phase conjugate intensity and wavelength in arbitrary units.
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