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Fig. 1 Principle of laser reflective tomography
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Fig. 4 Intercepted image containing target edge information
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Abstract

Objective

With the continuous development of space technology, spaceborne long-distance high-precision detection technology has

also made great progress. The imaging resolution is greatly limited because of the influence of the diffraction limit, effective aperture,
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and other factors of conventional optical imaging technology. Therefore, it is increasingly difficult to meet the needs of high-precision
remote detection tasks. As one of the effective ways to realize long-distance and high-precision detection, laser reflective tomography
technology has great advantages in the field of long-distance and high-precision detection because its imaging resolution is independent
of distance and has high application value in the future. As an important part of the design of a laser reflective tomography system,
imaging quality evaluation is of great significance to the application of laser reflective tomography technology. The conventional
quality evaluation method of laser reflective tomography usually uses one or more specific values (such as relative root mean square
error and image similarity coefficient) as the evaluation standard to realize the quantitative evaluation of the quality of laser reflective
tomography. These methods often need a priori image as a reference, and there are large errors and limited scope of application. In
this study, we invesitgate a quality evaluation method of laser reflective tomography. This method does not need an a priori image as
a reference, and the result is more accurate. We expect that this method and our findings herein can aid the application of laser

reflective tomography.

Methods We introduce the concept of modulation transfer function into the quality evaluation method of laser reflective tomography
and establish the quality evaluation model of laser reflective tomography based on distance resolution. First, the part containing edge
information in the reconstructed image is intercepted, and its edge spread function is obtained. Next, the corresponding line spread
function 1s obtained by differentiating the edge spread function. Then, the line spread function is used to obtain the modulation
transfer function curve based on spatial frequency by the Fourier transformation. Finally, according to the relationship between spatial
frequency and range resolution, the curve is transformed into a modulation transfer function curve based on range resolution to realize
the quantitative evaluation of the quality of laser reflective tomography. In addition, we also set up the corresponding laser reflective
tomography system and carry out a laser reflective tomography experiment under the detection distance of 0.2 km. The feasibility and

accuracy of this method are verified by comparing the experimental results with the simulation results under ideal conditions.

Results and Discussions Through the experiment of laser reflective tomography, we get the reconstructed image of the target
(Fig. 4) and successfully draw the modulation transfer function curve based on distance resolution. In this study, the abscissa value
corresponding to MTF value of 10% is considered as the test system’s limit value of distance resolution. According to the obtained
modulation transfer function curve based on distance resolution (Fig. 7), the corresponding distance resolution at MTF value of 10%
is approximately 1.587 c¢m, which is almost equal to the distance resolution (approximately 1.54 cm) obtained by theoretical
calculation. With the increasing abscissa of the curve, the MTF value becomes larger and larger, and the imaging quality becomes
better. Compared with the ideal image obtained by simulation (Fig. 8), the coincidence degree of their modulation transfer function
curves is high, which also reflects the accuracy of the method in this study. In addition, we theoretically analyze the advantages of this
method compared with the conventional evaluation methods. On the basis of the results, the modulation transfer function curve based
on distance resolution can accurately evaluate the quality of laser reflective tomography.

Conclusions We examine a method for evaluating the quality of laser reflective tomography. By introducing the modulation
transfer function curve from conventional optical imaging into the quality evaluation of laser reflective tomography, the modulation
transfer function curve based on distance resolution is drawn, and a model for evaluating the quality of laser reflective tomography
based on the modulation transfer function is established. Quantitative evaluation of the image quality of laser reflective tomography
without prior images is achieved. In the experiment, we set up an experimental system of laser reflective tomography and obtain
modulation transfer function curves that can characterize the image quality of laser reflective tomography through the reconstructed
image of this system, thus verifying this method’ s feasibility. By solving the transverse coordinates at MTF value of 10%, the
distance resolution of the laser reflective tomography system is 1.587 cm, which is approximately equal to the distance resolution
(1.54 cm) of the system calculated by theoretical calculation. Moreover, we compare the experimental results with the simulation
results and obtain almost identical modulation transfer function curves, thereby verifying the method’ s accuracy. The results
demonstrate that the evaluation method of laser reflective tomography based on modulation transfer function can accurately evaluate

the quality of laser reflective tomography without prior images.

Key words remote sensing; reflective tomography; modulation transfer function; imaging quality; lidar
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