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Abstract: with the Continuous Improvement of Science and Technology in China, Laser Imaging
Technology Has Been Widely Used in Medical, Military, Shipping and Rescue. But At the Same
Time, in the Laser Imaging Radar System, the Existence of Speckle Image Makes the System Image
Input Noisy, So It is Difficult to Retain the Image Edge Information. Therefore, Based on the
Analysis of the Speckle Image Multiplication Model of the Lidar System, the Homomorphic Filter
is Used to Denoise the Speckle Contaminated Image. the Results Show That the Multiplication
Model of Homomorphic Filter Can Eliminate Speckle Image Very Well.
1. Introduction
1.1 Literature Review
In recent years, laser imaging technology has been widely used in various fields. Some scholars
believe that the development of lidar 3D cloud data technology has driven the development of
related radar imaging systems in China, and has important research significance for future modern
lidar systems (Yang et al., 2016). Some scholars have pointed out that in the security inspection
effect of radar three-dimensional imaging, speckle effect affects the identification and detection
function of the contraband in security inspection. Through THz holographic radar speckle
suppression method, it can effectively improve the ability of identifying contraband in the security
inspection process (Jing et al, 2019). Some scholars put forward in the research on speckle image of
radar system that in the traditional laser imaging speckle suppression, it is very difficult to achieve a
good suppression effect, which is extremely easy to make the edge widen and the image be
destroyed. On the one hand, homomorphic FMPatchGP can effectively suppress speckle noise, on
the other hand, it can meet the real-time processing requirements (Wang et al., 2016).Some scholars
think that the main reason for reducing image quality is speckle noise pollution. According to the
problem of losing relevant details when using median filtering and other algorithms to denoise, an
image restoration algorithm combining median filtering and homomorphic wave algorithm is
proposed, which can effectively filter out speckle noise and keep image structure information intact
(Zhang and Hu, 2016). Relevant scholars have proposed that the cross energy spectrum can be
obtained after the downsampling spectrum of digital speckle image is calculated, and the accuracy
of correlation speckle image can be further improved by analyzing the correction model obtained by
correlation error through variable cross energy spectrum (Li et al., 2013). Some scholars have
pointed out that the speckle effect of laser echo has a serious impact on laser imaging radar.
Through structural solutions, a solution to suppress the speckle effect and the theoretical basis for
constructing the sail structure are proposed (Liu, 2011).
1.2 Purpose of Research
At present, the laser imaging radar system has the characteristics of high resolution and high
resolution, and it can be used in three-dimensional imaging, gradually expanding the scope of
application in social life. However, in real life, the laser imaging system uses coherent light to
irradiate, resulting in serious speckle noise in the image, resulting in a significant reduction in the
resolution of the radar imaging system, which is not conducive to the need of image collection and
inspection. In view of this, the statistical characteristics of speckle noise are analyzed, and the
multiplicative model is used to filter the noise of speckle image, which is conducive to better retain
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the image edge information.
2. Overview of Relevant Theories
2.1 Analysis of the Cause and Effect of Speckle Noise
The principle of the laser imaging radar system is the combination of the laser transmitting
system and the echo receiving system, which is formed after the transmitting of the transmitting
array, and the final high-resolution image formed by the integration of the receiving system. At the
same time, according to the reflected part of the laser wavelet, the speckle noise appears under the
interaction. Speckle noise usually affects the final imaging quality in the laser imaging system. It
indirectly affects the quality of the laser imaging radar system by first affecting the signal of the
laser echo field, after signal processing and spectrum reconstruction, and then to the inverse Fourier
transform imaging. After the speckle image is formed by noise, the sharpness and contrast of the
image are affected. At the same time, because the formation mechanism of speckle noise is
essentially different from that of background noise, single type denoising method is not suitable to
suppress the noise of lidar. Therefore, in view of the noise problem of laser imaging radar system, it
is necessary to study the corresponding denoising methods.
2.2 Multiplicative Model of Speckle Image
There are many reasons for speckle noise in laser imaging radar system. Generally speaking,
when the laser hits the surface of the object, the object will reflect the laser wavelength. Because the
surface of the object is relatively rough, giving the image surface a certain light intensity can cause
different wavelet, which will produce speckle pattern. Assuming that there is ( x0 , y0 ) on the
surface of the object and the diffuse reflectance is R(r0 ) , then the diffusion function of the imaging
system is h(r − r0 ) . It is easy to get that the image point is ( x, y ) , the speckle amplitude is As (r ) ,
and the complex amplitude is Asi (r ) , then there are the following formulas (1) and (2).
=
AS (r )

∫

∞
−∞

A0 (r0 )h(r − r0 )dr0

Asi (r )= ∫ ∞−∞ R(r0 ) A0 (r0 )h(r − r0 )dr0

(1)
(2)

The important point of this model is that the multiplicative noise in the sense of strong light takes
speckle image as a dynamic motion, which provides a mathematical model for speckle image
elimination. The standard of the multiplication model is formula (2), from which it is not difficult to
prove that the two values are equal. At the same time, the first-order probabilities of the two
corresponding random processes have the form of negative exponential distribution. In fact, the two
stochastic processes have only the same first-order statistical properties, but it does not mean that
the processes are the same. That is to say, at least the two levels are different in statistical nature.
3. Empirical Analysis of Speckle Noise Filtering in Lidar System
3.1 Algorithm Analysis
Generally speaking, speckle image can be simulated by multiplication model. Therefore, when
suppressing speckle noise in speckle image, we can use the most common algorithm, which is
homomorphic filter. The principle is that the multiplicative speckle noise in the lidar imaging
system is transformed into additive white noise after homomorphic transformation, so as to achieve
noise suppression by filtering the additive noise filter. With the continuous progress of the times,
wavelet transform has been in the mature stage of development, especially when resolution analysis
principle is proposed abroad, wavelet transform has been widely used in the field of image
processing. Compared with Fourier transform, wavelet transform has the characteristics of
multi-resolution analysis and the ability of local change in frequency domain. It can be widely used
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in signal anomaly detection and image processing detection.
When wavelet is used to deal with image noise in lidar system, it is directly processed by
wavelet transform. At this time, this paper combines homomorphic transform and wavelet transform,
and uses computer simulation to achieve the final results. In this process, the basic idea adopted
comes from Donoho theory. Donoho theory mainly deals with the threshold value of wavelet
decomposition coefficient to eliminate the noise. Because wavelet function has good local
performance and corresponding signal collection ability in the corresponding time-frequency
domain. Therefore, in the centralized transformation of signal energy, it is in a few terms, which is
just opposite to the performance of noise. In this case, further empirical methods are used to verify.
3.2 Empirical Analysis
The noise ability is uniformly distributed in the whole scale space, which makes the wavelet
coefficients containing signals larger. Although speckle noise is full frequency band, the high
frequency components of image in lidar imaging system will be seriously affected. Therefore, in the
process of noise filtering, the influence of speckle noise on the frequency band of wavelet
decomposition can be ignored, and the noise can be eliminated by controlling the high frequency
threshold. Assuming that X is the wavelet transform coefficient of the graph and T is the set
threshold value, the following formula can be used to process the coefficient threshold value:

 sign( X ) (| X | −T )
Y =
0

| X |≥ T
| X | T

In the formula above, if the absolute value of wavelet decomposition coefficient is larger than the
threshold value, it means that the decomposition coefficient contains signal. On the contrary, the
wavelet decomposition coefficient is completely composed of noise, which can be eliminated when
zeroing. In the selection of threshold, some scholars have proved that the selection method under
the premise of the least mean square error, from which T = σ 2 log(n) / n . Where σ is the noise
variance and n is the sequence length. Therefore, the flow chart of speckle image noise filtering by
wavelet filter in lidar imaging system is shown in Figure 1.
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Fig.1 Algorithm Flow of Homomorphic Filter Based on Wavelet
In the figure, HT and Dwt2 refer to homomorphic transform and discrete two-dimensional
wavelet transform respectively. TP and IDwt2 refer to threshold and two-dimensional wavelet
reconstruction respectively. In addition, 1HT refers to homomorphic inverse transformation. When
these processes are carried out, the input image with speckle noise is transformed into an image
with additive noise by homomorphic transformation, which is decomposed into high-frequency
coefficients by two-dimensional wavelet transform. Furthermore, the denoised wavelet coefficients
are reconstructed, and the denoised output image is obtained after transformation.
4. Simulation Results and Analysis
In order to verify the speckle image denoising results of the laser imaging radar system,
background light is added to the laser echo signal in this experiment to compare the direct
reconstruction image, and multiplicative speckle noise is added. In the above case, by comparing
the average gradient, contrast, strellier ratio and other indicators of the denoised image, the
denoising effect is operated based on the quantization method of the denoised image. Among them,
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Strehl ratio is usually used to describe the intensity distribution of the two images. The larger the
percentage is, the closer the two images are. The use of image contrast, usually to describe the
image background level contrast effect. Average gradient refers to the change rate of gray level
around the image. Generally, the larger the average gradient is, the higher the definition of the
image is. From the existing research results, the larger the value of the above three indicators, the
stronger the image denoising effect. Accordingly, the validation results are shown in Table 1.
Table 1 Comparison of Indicators of Different Denoising Methods
Contrastive terms
Strehl ratio
Contrast ratio
Mean gradient

Direct reconstruction
45.2%
0.20
5.32

Sparse denoising
51.6%
0.25
5.99

Homomorphic filtering
51.9%
0.46
6.87

In Table 1, the three values of homomorphic filtering method are much higher than the other two
methods according to the results of contrast, Strehl ratio and average gradient. From the
experimental data in Table 1, it can be seen that in homomorphic filtering method, the strellier ratio
of image quality is higher than 0.3% of sparse denoising method and 6.7% of direct reconstruction
method; the image contrast is higher than 0.21 of sparse denoising method and 0.26 of direct
reconstruction method. In this case, the homomorphic filtering method can effectively suppress the
speckle noise of Chen Xuan, and improve the image contrast, average gradient and Strehl ratio.
Therefore, the homomorphic filtering method constructed in this paper can effectively suppress the
speckle image of laser imaging radar.
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