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Fig. 1

olding algorithm based on morphological processing and do-

Flowchart of the improved multi-dimensional thresh-

main occupancy analysis
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Fig. 2 Based on the distribution of reflectivity factors of the
sample set collected from 2021 to 2022
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Fig. 4 Comparison of millimeter cloud radar observations
for September 18, 2022 based on 3D feature processing: (a)
Original reflectivity factor; (b) Reflectivity factor after 3D feature pro-

cessing; some clutter signals are marked with rectangles in the figure
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Fig. 6
for september 18, 2022 Based on binary dilation and 3D fea-

Comparison of millimeter cloud radar observations

ture processing: (a) Original reflectivity factor; (b) Reflectivity fac-
tor after 3D feature processing; (c) Reflectivity factor after 3D feature
processing and 2 dilation iterations; (d) Reflectivity factor after 3D fea-
ture processing and 5 dilation iterations; (e) Reflectivity factor after 3D
feature processing and 20 dilation iterations; Note that clutter signals
are marked with rectangles, and meteorological signals are marked with

ellipses
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Fig. 8 Comparison of millimeter-wave cloud radar observa-
tions on September 18, 2022, processed by neighborhood
analysis, binary dilation, and 3D feature extractio: (a) SCR>=
0.2; (b) SCR>=0.33; (¢) SCR>=0.34; (All subplots show reflectivity
factors after 3D feature processing and 20 dilation iterations. Boxes indi-

cate clutter; circles indicate clouds)
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Fig. 9 Validation case of the improved multi-feature fusion
clutter recognition scheme based on morphology: (a) Original
reflectivity factor; (b) Reflectivity factor after 3D feature processing;
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tions, and SCR=0.33 Rectangles indicate clutter signals; ellipses indi-
cate cloud signals; (d) Simultaneous Lidar observations (RSCS at 1
064 nm)
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A new algorithm for millimeter-wave cloud radar clutter rejection

based on morphological improvement

Xin

Liu Qian-Chen, Di Hui-Ge', Yuan Yun, Quan Chun-Hang, Wang Jia-Le, Hou Chen-Tao, Hua Deng-

(School of Optoelectronic Science and Intelligent Instrumentation, Xi’an University of Technology, Xi’an 710048,

China)

Abstract: An improved multi-feature fusion scheme is proposed to address the edge signal loss problem inherent in ex-

isting clutter filtering methods for Ka-band millimeter-wave cloud radar. A recognition model is first constructed based

on the temporal and vertical continuity of the reflectivity factor of echo signals to perform preliminary clutter identifica-

tion. Subsequently, morphological binary dilation operations are introduced to generate candidate regions along cloud

and fog edges, and neighborhood analysis techniques are employed to achieve precise determination of signal boundar-

ies. The proposed algorithm is validated against co-located lidar observations. Results demonstrate that the scheme ef-

fectively suppresses clutter while preserving cloud and fog edge signals with substantially improved completeness, there-

by resolving the edge signal loss problem associated with existing clutter filtering approaches and enhancing the overall

data quality of millimeter-wave cloud radar.

Key words: atmospheric sounding, clutter rejection, morphological processing, Millimeter-wave cloud radar



