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Measurement of Rainfall using Sensor Signal Generated from
Vehicle Rain Sensor

ABSTRACT

In this study, we developed a relational formula for observing high - resolution rainfall using vehicle rain sensor. The vehicle rain sensor
consists of eight channels. Each channel generates a sensor signal by detecting the amount of rainfall on the windshield of the vehicle
when rainfall occurs. The higher the rainfall, the lower the sensor signal is. Using these characteristics of the sensor signal generated
by the rain sensor, we developed a relational expression. In order to generate specific rainfall, an artificial rainfall generator was
constructed and the change of the sensor signal according to the variation of the rainfall amount in the artificial rainfall generator was
analyzed. Among them, the optimal sensor channel which reflects various rainfall amounts through the sensitivity analysis was
selected. The sensor signal was generated in 5 minutes using the selected channel and the representative values of the generated 5 -
minute sensor signals were set as the average, 25th, 50th, and 75th quartiles. The calculated rainfall values were applied to the actual
rainfall data using the constructed relational equation and the calculated rainfall amount was compared with the rainfall values
observed at the rainfall station. Although the reliability of the relational expression was somewhat lower than that of the data of the
verification result data, it was judged that the experimental data of the residual range was insufficient. The rainfall value was calculated
by applying the developed relation to the actual rainfall, and compared with the rainfall value generated by the ground rainfall
observation instrument observed at the same time to verify the reliability. As a result, the rain sensor showed a fine rainfall of less than
0.5 mm And the average observation error was 0.36mm.
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Fig. 2. Indoor Laboratory Foreground

Table 1. Specification of Rainfall Generator

Product Name | purpose of Use | Product Name | purpose of Use
Rainfall Laboratory Rainfall
Nozzle Lo . .
Injection Vehicles observation
. infall
Chamber Supply Water | Rain Sensor Rain a'
observation
Supply and Internal Pressure
Ball Valve block flow Pressure Gauge Measurement
Rain and Wiper
Motor Pump Motor Pump Inverter Speed
Adjustment
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Table 2. Sensor Comparison (Kim et al., 2017)

L Rain Sensor

Division —

Development Existing
Purpose Rainfall Estimates Wiper Operation
Detecting Area 400 mm? 100 mm?
Detecting § Channel 2 Channel
Channel

Size 970 mm @32 mm

&
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(b) Raindrop Detection Area

Fig. 3. Automotive Rain Sensor
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Table 3. Rain Sensor Specification

Product name Function
Light emitti . . .
'8 .eml ne Light emitted from the vehicle glass
diode
Emitting module Light emitted from the vehicle glass
Light emitted from the light emitting diode and the
Photosphere emission module to receive the light reflected

from the vehicle glass

Outputs the light received by the light receiving

Control section .
part as a sensor signal
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Table 4. Specifications of Rain Gauge

. Unitof | E
Measure Measuring range o "N Data usage
measure | range
Matching
Rainfall 0~ 1,600mm 02mm | 4+ 1 | withsensor
signal
. Check
Observation | Year, Month, Day, e .
. observation
time Second .
time

Table 5. 5-min Rainfall Measurement Using Rain Gauge

RPM

600 | 700 | 800 | 850 | 900 | 1000 | 1100
06 | 10 | 14 | 16 | 24 | 28 | 34
06 | 10 | 14 | 16 | 24 | 3 | 34
08 | 10 | 14 | 16 | 24 | 3 | 34
08 | 10 | 14 | 16 | 26 | 3 | 36
08 | 10 | 14 | 16 | 26 | 32 | 36
08 | 12 | 14 | 16 | 26 | 32 | 36
08 | 12 | 14 | 16 | 26 | 32 | 36
;;E;l 08 | 12 | 14 | 16 | 26 | 32 | 36
omy | 10 | 12 [ 14 | 18 [26 [ 32 | 36

10 | 12 | 14 | 18 ] 28 | 32 | 36
10 | 12 | 16 | 18 | 28 | 32 | 36
10 | 12 | 16 | 18 | 28 | 32 | 36
10 | 12 ] 16 | 20 | 28 | 32 | 36
10 | 12 | 16 | 20 | 28 | 34 | 38
10 | 12 | 16 | 22 | 28 | 34 | 44
10 | 12 | 16 | 22 | 28 | 34 | 44
10 | 12 | 16 | 24 | 28 | 34 | 52
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Table 6. W-S-R

o
o2
i

Equation by Format and &’

Sensor signal . R’

Equation . .
format (Correlation coefficient)
Mean y=—0.1362z + 89.687 0.675

25th Quartile | y=—0.1145 +75.231 0.604
50th Quartile | y=—0.1429z + 94.208 0.672
75th Quartile | y=—0.1643z +108.75 0.724
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Table 8. Actual Rainfall Data Converted using W-S-R Equation (Measurement unit: mm)

Applied W-S-R equation Observation equipment
Observation section
Mean 25th Quartile 50th Quartile 75th Quartile AWS Rain gauge
16:10 2.57 2.98 2.46 1.79 0 0.2
16:15 1.52 2.29 1.75 1.13 0 0.2
16:20 2.45 2.63 2.18 1.62 0.5 0.2
16:25 4.02 4.12 4.18 3.92 0 0.2
16:30 5.09 481 5.18 5.24 0.5 0.4
16:35 5.59 5.38 5.75 5.89 2.5 0.8
16:40 6.50 6.30 5.89 5.24 0.5 0.8
16:45 3.50 3.43 3.75 3.59 0 0.4
16:50 1.81 2.18 2.03 1.62 0.5 0.4
16:55 1.66 1.95 1.75 1.29 0.5 0.4
17:00 1.86 1.95 1.89 1.64 0.5 0.4
17:05 1.80 2.06 1.89 1.62 0 0.8
17:10 1.87 2.18 1.89 1.62 0 0.8
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