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Frost detection sensitivity of time domain reflectometry (TDR) frost
sensors with different thicknesses
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Masakazu KOMATSUZAKI4, and Kosuke NOBORIO?

Abstract

Frost damage to agricultural products in Japan is by no means uncommon. Moreover, since there is no sen-
sor capable of detecting a minute amount of frost with high accuracy, the presence of frost can be determined
only by visual observation, making the study of frost damage in the field challenging. Therefore, the actual
conditions of frost damage has not been adequately elucidated. Unlike the vibration sensor, the frost sensor
based on time domain reflectometry (TDR) has no malfunction-causing factors, and it can distinguish dew
condensation and frost more clearly than the temperature-sensitive resistance element. However, improve-
ment in the detection sensitivity of the TDR frost sensor is desired. We have developed a frost sensor with an
accelerated cooling rate and reduced heat capacity by reducing the thickness of the TDR frost sensor. In this
study, the detection sensitivities of TDR frost sensors of 1.6 and 0.075 mm thicknesses were compared under
the conditions of dew condensation, frozen dew, and hoar frost generation. The flexible printed circuits (FPC)
frost sensor that had a small thickness and thus a small heat capacity responded promptly to the environmental
changes, such as radiation cooling, and the times of condensation, frozen dew, and hoar frost generation could
be detected without delay. The amount of frost on the sensor also increased. Using the FPC frost sensor, dew
condensation, frozen dew, and hoar frost could be detected in the field where meteorological conditions were
constantly changing. Various frost formations could be detected with high accuracy by combining this FPC
frost sensor that can promptly detect environmental changes with a duty-cycle TDR device (manufactured by

Kett Electric Laboratory) that can measure minute changes in the dielectric constant.
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Fig. 1. (a) RPB frost sensor (thickness 1.6 mm), and (b)
FPC frost sensor (thickness 0.075 mm).

Fig. 2. Custom-made duty-cycle TDR device made by Kett
Electric Laboratory.
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Fig. 3. Detection of dew condensation by FPC type and RPB frost sensors: (a) dielectric constant, and (b) air, sensor, dew point tem-
peratures. The data were measured at between 12 : 00 on Jan. 31, 2016, and 12 : 00 on Feb. 1, 2016.
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Fig. 4. Detection of dew by (a) FPC and (b) RPB frost sensors when high windspeed was interrupted for a while. The data were
measured at between 12 : 00 on Feb. 9, 2016, and 12 : 00 on Feb. 10 2016.
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Fig. 5. Detection of frozen dew by FPC type and RPB frost sensors: (a) dielectric constant, and (b) air, sensor, dew point tempera-
tures. The data were measured at between 12 : 00 on Feb. 4, 2016, and 12 : 00 on Feb. 5, 2016.
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Fig. 6. Detection of frozen dew by FPC and RPB frost sensors: (a) dielectric constant, and (b) air, sensor, dew point temperatures
when the amount of dew was large. The data were measured at between 12 : 00 on Feb. 18, 2016, and 12 : 00 on Feb. 19, 2016.
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Fig. 7. Detection of hoar frost by FPC and RPB frost sensors: (a) dielectric constant, and (b) air, sensor, dew point temperatures. The
data were measured at between 12 : 00 on Feb. 10, 2016, and 12 : 00 on Feb. 11, 2016.
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