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A Study about Black-Ice Detection using mmWave Sensing
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Abstract

This paper proposes a black-ice detection method using statistical features of the received signal strength in the
mmWave(millimeter Wave) sensor and ANN(Artificial Neural Network). Unlike the camera and optical sensor used in
the existing black-ice detection method, the mmWave sensor has the advantage of being more robust in the external
environment. In the proposed method, to collect the signal strength that varies depending on surface medium and
roughness, after transmitting the FMCW(Frequency Modulated Continuous Wave) to the surface, range-FFT is applied
to the received signal to extract signal strength per distance. Then, statistical features of signal strength are calculated.
Moreover, these values are applied to the black-ice detector based on ANN to decide the black-ice presence in the
area. In the black-ice detecting experiment based on the collected data, the accuracy was achieved with 98.6%.

Through this, the feasibility of the black-ice detection method using the mmWave sensor is proven.
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Table 1. FMCW parameters

Parameters Value
Carrier frequency [GHZ] 77
Bandwidth [GHZ] 3.957
Frequency increase rate [MHz/us] 29.982
Duration [1s] 132
Sampling frequency [Msps] 15
ADC sample [EA] 1,536
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Table 2. Black-ice detection accuracy using only one
statistical feature

Statistical features Accuracy
Mean (p) 88.6
Variance (o) 76.3
Coefficient of variation (C,) 70.1
Skewness (v) 69.2
Kurtosis (k) 68.2
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Fig. 7. Confusion matrix of black-ice detection results
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