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Abstract: This experiment systematically conducted research on spatial spectrum, filtering and digital holography based on Spa-
tial Light Modulator (SLM), which was divided into two core parts: GX1 spatial spectrum filtering and GX2 digital holography.
Firstly, the amplitude modulation curve of SLM was measured, and the nonlinear relationship between its gray value and transmit-
ted optical power was clarified. Based on the 4f optical information processing system, the two-step Fourier transform process of
“diffraction frequency division-interference synthesis” of Abbe imaging principle was verified by using both physical grating and
SLM virtual grating respectively, and the two-dimensional spurious spectrum phenomenon introduced by SLM pixel structure was
observed. Low-pass, high-pass and directional filtering experiments were completed, which verified the regulation law of spec-
trum modification on imaging results, and realized image processing functions such as image de-screening, edge enhancement and
specific direction line extraction. In the digital holography part, the amplitude-type Fourier hologram was generated by numerical
calculation and optically reproduced. The Mach-Zehnder interferometer optical path was built to complete the hologram recording
of transparent objects, and the numerical reconstruction of the object wavefront was realized by using HolographicOpticsToolbox
software, obtaining clear object images. The experimental results fully verified the basic theories of Fourier optics and holography,
and mastered the light field regulation characteristics of SLM as well as the construction and debugging skills of optical information
processing systems, laying an experimental foundation for subsequent research and applications in the field of optical information

processing.

Keywords: Spatial Light Modulator; Fourier Optics; Abbe Imaging Principle; Spatial Filtering; Computer-Generated Holography;
Digital Holography
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BlR 2: HAEEIHEEEREFEEHRE.
% LURUEET MATLAB (4RI L B o 53 42 5 B A2
AR5, DR Ky 4 B AR R BUE F OUCRS, W ERIE AT e B
B TIRE.

1. fRIEEE BT E 2 S ESE KD

clear; clc; close all;

5 img = imread('SYSUlogo.jpg');

6 img_gray = rgb2gray(img);

7 img_resize = imresize(img_gray, [512,
5121);

8 img_double = im2double(img_resize);

11 lambda = 650e-9;

12 pixel_pitch = 26e-6;

13 N = size(img_double, 1);
14 L = N * pixel_pitch;

17 img_fft =
fftshift (fft2(ifftshift(img_double)));

20 k = 2 x pi / lambda;
21 theta_x = 1 * pi / 180;

theta_y = 0;

24 [x, y] = meshgrid(linspace(-L/2, L/2, N),

linspace(-L/2, L/2, N));
ref_phase = k * (x * sin(theta_x) + y *
sin(theta_y));

26 ref_wave = exp(li * ref_phase);

29 hologram = abs(img_fft + ref_wave). 2;
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hologram_norm = uint8(255 * (hologram -
min(hologram(:))) / (max(hologram(:))
- min(hologram(:))));

recon_fft =

fftshift (f£t2(ifftshift(hologram_norm)));

recon_img = abs(recon_fft);

figure;

subplot(1,3,1); imshow(img_resize);
title(' REERZ");

subplot(1,3,2); imshow(hologram_norm);
title(" £ R RBAE L LE");

subplot(1,3,3); imshow(recon_img, [1);
title("HKEFABE")

imwrite (hologram_norm,
'CGH_Amplitude.bmp');
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2. FERIEERBEBIANRD

clear; clc; close all;

hologram = imread('CGH_Amplitude.bmp');
hologram_gray = im2gray(hologram) ;

hologram_double = im2double(hologram_gray) ;
N
M

size(hologram_double, 1);

size(hologram_double, 2);

lambda = 650e-9;
pixel_pitch = 3.2e-6;

z =0.2;

k = 2 * pi / lambda;

29

&

“%L

Lx = N * pixel_pitch;

Ly = M * pixel_pitch;

[x, y] = meshgrid(linspace(-Lx/2, Lx/2, N),
linspace(-Ly/2, Ly/2, M));

[fx, fyl =
meshgrid(linspace(-1/(2*pixel_pitch),
1/(2*pixel_pitch), N),

linspace(-1/(2*pixel_pitch),
1/(2*pixel_pitch), M));

H = exp(-1i * pi * lambda * z * (fx.72 +
fy."2));

recon_spectrum =
fftshift (f£t2(ifftshift(hologram_double)))
.x Hj

recon_wave =
fftshift (ifft2(ifftshift(recon_spectrum)));

recon_amplitude = abs(recon_wave);

recon_phase = angle(recon_wave);

figure;

subplot(1,3,1); imshow(hologram_gray);
title(" B2 RE");

subplot(1,3,2); imshow(recon_amplitude,
[1); title(' HIRBEER');

subplot(1,3,3); imshow(recon_phase, [1);
title (" HHLAR
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Listing 1: MATLAB JEAXHY

% SLMAK -t 3 # K R H
clear; clc; close all;
hh 1. %
gray_level =
[4,14,24,34,44,54,64,74,84,94,104,114,124,1312
164,174,184,194,204,214,224,234,244
v N
power_uW =
[0.001,0.001,0.001,0.001,0.001,0.001,0.001,0.
0.002,0.002,0.002,0.002,0.003,0.004,
0.009,0.012,0.016,0.021,0.027,0.035,
0.071,0.089]; 7% =/ W
%h 2. % % i & B

figure('Color',"'

plot(gray_level, power_uW, 'b-o',
'LineWidth',1.5,
'MarkerFaceColor','b');

hold on;

'MarkerSize',6,

%h 3. B &%

w','Position',[100,100,800,5001); ~

xlabel (' & E 1A (Gray
Level)','FontSize',12, 'FontName', 'Times
New Roman');

ylabel (' & 4 3 & /
\muW', 'FontSize',12, 'FontName', 'Times
New Roman');

title ('SLMR 1% ¥ %l ¥ & (Gray Level vs.
Transmitted
Power) ', 'FontSize',14, 'FontName', 'Times

New Roman');

legend (' L % # 4 & ', 'Location', 'northwest', 'FontSize',10);

grid on;

set (gca, 'FontSize',10, 'FontName', 'Times New
Roman');

x1im ([0,260]);

%h 4. R FHE K (300dpi
JPG, ¥ H # % A\ LaTeX)
saveas (gcf, 'SLM_Modulation_Curve. jpg');
fprintf (" H A EHERFH
SLM_Modulation_Curve.jpg\n');
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