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Artificial eyes are among the most important organs which have 
been the popular researches and investigations, where basically can 
give the blind person sight ability. Normally, bionic eyes have become 
the basic artificial eyes for the blind that depends on the circumstances 
surrounding the loss of sight. For retinal prostheses, which are the most 
prevalent visual prosthetic under developments, in which the candidates 
for visual prosthetic implants find the procedure most successful if the 
optic nerve was 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 
potentially valuable aid for individuals with visual degradation, where 
all other efforts remain investigational, and most have not yet made 
it to any clinical use in patients. Artificial vision device has become 
the important instruments 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 [1-3], in which the potential applications 
have been reported [4-6], where one aspect of results has shown the 
feasibility of using artificial eyes (vision) for human eye replacement 
[7,8], in which the possibility of vision image connection between optic 
nerve and brain cells can be realized [9], which is useful for realistic 
artificial 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 
[10,11], where 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 by 
using the WGMs of light within a PANDA ring circuit [12,13]. The 
THz WGMs can also be generated and use to form the 3D image and 
linked to the optic nerve and brain [14]. By using this method, the 
artificial vision (bionic eyes) can be constructed and realized, which has 
currently become the current challenge researches and investigations.

In this article, it is a design and simulation work, in which the small 
scale device is designed to function as an artificial eye, where firstly, 
only one pixel 3D image is formed. The used simulation software is a 
Finite Different Time Domain (FDTD) program. However, in this work 
the device parameters and material can be fabricated and formed a 
system for 3D artificial vision. In principle, a basic device known as 
a conjugate mirror can be formed by using the artificial eye model as 
shown in Figure 1a, where the partially reflected light intensities are 
interfered and the 3D whispering gallery modes occurred within the 
ring centers and linked to the optic nerves, the scanning image for large 
area is also available, therefore, finally, the 3D images can be constructed 
and linked to the human brain cells for perceptions. In practice, the 
reflected light beams (each pixel) can be interfered and formed the 
3D image, where the images can be linked to the optical nerves (optic 
chiasm) by the THz WGMs via R2 ring (blue WGM), where the 3D 
images can be constructed by the human image processing unit in the 
brain as shown in Figure 1b [15].

To form the artificial eye concept using the proposed device system, 
a commercial semiconductor laser is chosen as an input light source, 
which is input into an artificial eye model device via the input port as 

shown in Figure 1. The partial portions of lights are then reflected from 
the through and drop port ends back to the system, which is manipulated 
to be the reflected optical power form the target object, which can be 
processed similar to the reflected lights by the WGMs from the center 
two side rings. The used parameters are obtained by using the realistic 
material parameters of InGaAsP/InP. Here, the waveguide core n=3.14 
is bordered on each side by air n=1, where in this case the two side 
ring radii are larger than the center one. The parameters for add-drop 
optical multiplexer and both rings on the left and right hand sides of 
the PANDA ring are set at Rl=Rr=2.5 µm and radius of the center ring 
is Rad=1.5 µm. The coupling coefficient ratios are κ1=κ4=0.5, κ2=κ3=0.5, 
effective core area of the waveguides is Aeff=0.30 µm2, and waveguide 
loss coefficient is α=0.1 dBmm-1. Results as shown in Figure 2, the 

(a) 

 (b) 

Figure 1: Artificial vision system model using ring conjugate mirrors, where (a) 
the artificial vision pixel, (b) the eye nerve link and image processing, where 
Ei: optical fields, Lx: 50 µm, Rs: ring radii, Ks: coupling constants, Ein: input port, 
Eth: through port output, Edrop: drop port output, Eadd: add port input.
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reflected lights are interfered and formed the four-wave mixing within 
the system, where finally, the resonant whispering gallery mode output 
can be seen at the center if each ring, while the signals can also be 
detected by detector at the add port output as shown in Figure 3. The 
red and blue WGM outputs are the going out and coming in direction, 
respectively. For large scale applications, the micro-artificial eye array 
can be constructed and large pixel area (volume) can be formed and 
collected to link to the optic nerves and brain cells by the red and blue 
WGMs respectively. Finally, the 3D image perception is recognized and 
processed by the brain cells.

A cascaded microring 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, where in 
this case is presented by a reflected signals on the device end coupling 
power, which can be constructed for large scale images and linked to 
the optic nerve and brain cells and can be used for artificial vision. To 
confirm the 3D image output, such a required result of the 3D image is 
as shown by the output result of the WGM signals in terms of four-wave 

 
Figure 2: 3D image from cascaded ring conjugate mirrors, where the bottom is the required result lights, lights are input from both left and right 
eyes, where red WGM: going out beam, blue WGM: coming in beam.

Figure 3: Four-wave mixing result of light in the cascaded conjugate mirror 
system.
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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, in case of THz pulse signals cannot penetrate 
and link to the access point, then the Chinese needle methods can also 
be used as the linked probes between 3D image data and optic nerves. 
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