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Optical implementation of Mallat algorithm
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Abstract; To expand optical wavelet transform method into the digital signal processing domain, the optical
implementation method of discrete wavelet transform algorithm (Mallat algorithm) for optical 4 f system is
proposed. Because amplitude-only Spatial Light Modulator(SLLM ) can only implement non-negative real func-
tion and CCD can only record light intensity, a design method for optical wavelet filters used in optical 4 f sys-
tem is presented. According to the sampling spacing, the two-dimension wavelet filters are constructed with
one-dimension coefficients of wavelet filter in terms of tensor product method. Then the frequency domain
wavelet filters in the form of non-negative real function are constructed with splitting, Fourier transform and
normalization. Finally, the corresponding optical wavelet transform post-processing method is given.
With this kind of optical wavelet filter and its corresponding post-processing method, the wavelet de-
composition is implemented by optical 4 f system, and wavelet reconstruction by numerical computa-
tion in Mallat algorithm. The simulation experimental results show that the input images can be re-
constructed theoretically by proposed method with high precision, the average reconstructed PSNR is
54. 27 dB, even under the condition of introducing the optical device quantization error. Also, the input
images with good quality can be reconstructed by optical experiment in actual optical 4 f system. The

simulation analysis and optical experimental results verify proposed method.
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Tab.1 Simulation results of optical wavelet transform

Space The PSNR on
Input image resolution reconstructed
(pixeD image(dB)

LENA. BMP 256 X256 54. 39
Couple. bmp 256 X256 57.42
Photography. bmp 256 X256 53.66
Testpat. bmp 256 X256 53.71
BABOO. bmp 512 X512 54.55
BRIDGES. BMP 512X512 53. 49
PEPPERS. BMP 512X512 54.29
Lena512. bmp 512X512 54.09
Airfield. tif 512X512 53. 46
Boat. tif 512X512 53. 80
Crowd. tif 512X512 53.73
Elaine. tif 512 X512 53. 82
Harbour. tif 512X512 54. 44
Womanl. tif 512X512 55.53
Woman?2. tif 512X 512 53.62
Average PSNR 54.27
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