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ABSTRACT 

When the image passes through the transparent display, 
it becomes diffracted and its image quality is reduced. In 
order to eliminate the diffraction, we have used the 
simulated annealing method to design the diffraction 
optical element for improving the image quality. 

1 Introduction 
The development of displays has evolved from the  

cathode ray tube (CRT), plasma display panel (PDP),  thin 
film transistor liquid crystal display (TFT-LCD), to light 
emitting displays such as organic light emitting diode 
(OLED) and micro light-emitting diode (Micro-LED). 

In addition to display materials, the research and 
development of transparent displays is also a future trend. 
The structure of transparent displays is composed of many 
small metal electrodes and lines to form a periodic 
structure. The main feature is to allow users to watch the 
display content and the scenes behind the display 
simultaneously. Its application areas such as art gallery 
windows, car dashboards and refrigerator touch panels 
are all potential application markets for transparent 
displays. Currently commercial available transparent 
displays, such as OLED transparent displays, have the 
advantages of high internal quantum efficiency, low power 
consumption, high brightness, high contrast, etc [1]. 

There are many algorithms for designing diffractive 
optics elements, such as Iterative Fourier Transform 
Algorithm (IFTA), Yang-Gu algorithm [2], Direct Binary 
Search (DBS) [3], and the Simulated Annealing method 
(SA) [4-6]. 

The IFTA algorithm has been used for the design of 
diffractive optical elements in previous study. However, 
the IFTA algorithm is easy to converge to the local 
minimum. Therefore, the research goal of this paper is to 
design a phase-only diffractive optical element (DOE) to 
improve the image quality after the transparent display by 
using the simulated annealing algorithm (SA).  

2 Experiment 
In this paper, the commercial mathematics software 

MATLAB R2020a version is mainly used, and this software 
is used to handle a large number of tasks such as 
mathematical calculations, data analysis, image analysis, 

and algorithm development. 
The architecture diagram is shown in Fig. 1. First, the 

image should be input to the program. When the image 
passes through the transparent display (that is, the 
grating in the Fig. 1), diffraction phenomenon will occur. 
The diffracted image is called the image after grating, 
and then passes through the DOE. We hope to reduce 
the diffraction caused by grating through the designed 
DOE to improve the quality of the background image. 

 
Fig. 1 Experimental architecture diagram. 

Before executing the simulated annealing method, we 
need to define the cost function, which is given by 

C = (−200) × log(EFF) + (−5) × log(PSNR)
+ 2.7 × 103 × MSE (1) 

where the diffraction efficiency (EFF) is defined as the 
intensity ratio of the signal area to the entire area on the 
output field, the peak-signal-to-noise ratio (PSNR) is 
defined as the intensity ratio of the maxima of signal area 
to the minimum of noise area on the output field, and the 
mean-square-root (MSE) is defined as the mean value 
of the square of the difference between the intensity 
value of the target and the intensity value of output field. 

Fig. 2 is the flow chart of the simulated annealing 
algorithm. First, the input image, the initial and the 
freezing temperatures, and the conditions of arrival 
stable state are given. Next, create a random phase 
distribution (U1) from 0 to 2π and compute the cost 
function of the image after the phase distribution (U1), 
that is C1. And then, apply the perturbation of the initial 
phase distribution (U1) to get U2. Similarly, the cost 
function of the image after the phase distribution (U2) is 
computed, that is C2. The cost function difference ∆C is 
defined as (C2-C1). If ∆C ≤ 0  or ∆C ≥ 0  with the 
probability P = exp (−∆C/T)  larger than the random 
value Pa which is normally distributed in [0,1] generated 
by a computer, U1 is replaced by U2. If not, U1 remains 
unchanged. When the process reaches a steady state, it 
is judged whether it has reached the freezing 
temperature. If it has not reached the freezing point 
temperature, the temperature will be cooled by the set 
cooling method, and the above process will be repeated 
until the freezing point temperature is reached, and the 
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final output result will be obtained. 

 
Fig. 2  A  flow chart of the simulated annealing algorithm. 

3 Discussion 
We discussed the effects of different steady states, initial 

temperature, final temperature and cooling rate, and found 
that the initial temperature of Ti = 100 , the freezing  
temperature of Tf = 0.001, the number of loops to steady 
state is set to be 200000 and the cooling rate is set to be 
0.99, the output image performance  is the best, as shown 
in Fig. 3(c). 

Fig. 3(a) shows the input image containing 64x64 pixels, 
and Fig. 3(b) is the image after grating, and Fig. 3(c) is the 
image after the continuous phase DOE. We calculate the 
parameters of the image, the EFF of the image after the 
grating is 0.6236, the MSE is 0.0188, and the PSNR is 
4.0500; then the image through the continuous phase 
DOE we designed, the EFF is 0.9246, the MSE is 0.0013, 
and the PSNR is 28.4119. We can find that the EFF and 
PSNR are increased and the MSE is decreased. Due to 
the difficulty of the manufacturing process, it is not easy to 
realize continuous phase diffractive optical elements in 
current technology, so we have to make a quantitative 
design for the diffractive optical elements. Fig. 3(d) and (e) 
are the images after the diffractive optical elements with 
16-level quantization and 8-level quantization, respectively. 
Similarly, we also calculate the parameters of the two 
images. The EFF of the image through the 16-level phase 
DOE is 0.9151, the MSE is 0.0018, and the PSNR is 
13.4023; then the image through the 8-level phase DOE, 
the EFF is 0.8850, the MSE is 0.0032, and the PSNR is 
5.9845. According to the simulation results, the more 
levels of the DOE, the better the image quality of the output. 

 
Fig. 3 (a)The input image; (b) the image after grating; (c) 
the image after the continuous phase DOE; (d) the image 
after the 16-level phase DOE; (e) the image after the 8-
level phase DOE. 

 The background images are optimized by using the 
IFTA and SA algorithm and the results are compared. 
The former is a local search algorithm and the latter is a 
global search algorithm. 

The parameters of the output image of using IFTA and 
SA are shown in Table 1. We can observe from Table 1 
that the diffractive optical elements designed by the two 
algorithms, IFTA and SA, have the effect of optimizing 
image qualities. Although the EFF of SA is 0.0174 lower 
than that of IFTA, PSNR and MSE are both better than 
IFTA. Moreover, the image uniformity is also better, as 
shown in Fig. 4(b). 

 
Table 1 The parameters of the output images by using 
IFTA and SA. 

 EFF Cost 
function MSE PSNR 

IFTA 0.9420 14.89301 0.0043 5.6744 

SA 0.9246 2.4460 0.0013 28.4119 

 

 
Fig. 4 (a) The output image of using IFTA; (b) the output 
image of using SA. 
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4 Conclusions 
The simulated annealing method is used to design the 

phase-only diffraction optical element to improve the 
quality of the background image and reduce the diffraction 
caused by grating. In order to increase the diffraction 
efficiency of the background image, we should set a low 
freezing temperature and a large steady state. 

The output image quality after the designed continuous 
phase diffractive optical element, and its MSE and cost 
function are all decreased. Also, both EFF and PSNR are 
increased, indicating that the output image quality has a 
trend of improvement. 
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