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ABSTRACT

The biased estimation of low density rainfall network and radar rainfall has limited application to extreme rainfall in a small area. To
improve this, more rainfall information needs to be produced. In this study, we analyzed the applicability of the vehicle rainfall sensor
developed and used recently. The developed rainfall sensor was attached to the vehicle to observe the rainfall according to the
movement of the vehicle. The analytical method used time series and average rainfall values for observations of rainfall sensors and
nearby rainfall stations. The results show that the trend of observed values according to rainfall events shows a certain pattern. It is
analyzed that it is caused by various causes such as the difference between the observation position of the rainfall sensor and the nearby
rainfall station, the moving speed of the vehicle, and the rainfall observation method. This result shows the possibility of rainfall
observation using a rainfall sensor for a vehicle, and it is possible to observe rainfall more precisely through experiments and
improvement of rainfall sensors in various conditions in the future.
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Fig. 1. Study Area and Sites Using This Study
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Fig. 2. Operating Principle of Vehicle Rain Sensor

Table 1. Comparison of Existing Rainfall Sensor and Developed
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Table 2. Receiver Operating Characteristic Method

Rainfall Station
Rain No Rain

Verifying analysis

Rain Sensor Rain Hit (H) False (F)
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Sensor No Number of data Ratio (%)
H F total H F
Sensor 1 24 14 38 63 37
Sensor 2 24 36 60 40 60
Sensor 3 29 40 69 42 58
Sensor 4 28 5 33 85 15
Sensor 5 11 16 27 41 59
Sensor 6 21 24 45 47 53
Sensor 7 6 15 21 29 71
Sensor 8 11 13 24 46 54
Sensor 9 22 40 62 35 65
Sensor 10 12 5 17 71 29
Total 188 208 396 47 53
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Fig. 3. Observation Radar Image by Rain Sensor
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Fig 4. Rain Sensor and Station Rainfall Comparison
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Fig 4. Rain Sensor and Station Rainfall Comparison (Continue)
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Table 4. Result of Receiver Operating Characteristic

Sensor No Rain Sensor Average Rainfall (mm) Rain Station Average Rainfall (mm)
Sensor 1 1.40 2.80
Sensor 2 3.02 0.18
Sensor 3 0.24 0.43
Sensor 4 335 0.71
Sensor 5 0.29 0.33
Sensor 6 0.30 0.76
Sensor 7 0.60 0.64
Sensor 8 0.23 0.75
Sensor 9 0.25 0.81

Sensor 10 0.27 1.05

Total 9.95 8.46

£ 478 o Thedt 2e FES Jeh 4 Ak

(1) ROC 45 F3fo] 5 25 APl B53 A=
Bk AgiEa ko] B5 whee vE2d e
202 FeEnt. ofi= A AN7E 2 gl RigsHl
RESSRs SE 7L QL 5 Aol gk st
7% 340] A "okl Zg-aSaol|r dS50] o FolA|A]
0 A= ek wep, S o183 A5 g
U5 Brp F2 A g AL A= o= A= 548
Rkt = gl e & 5 Tk

Q) ANt Bea5a0] 35 HolHE §Y ARE 7R
4T A} ZF AEE AS3 Absd dhsle] E]lshd Ak
FAR STt AP Sl YA A5l e B
< B s & 5 Sk

(3) 7SN} AeBSa0] FU AV Hagk B4 Bt
&S] e AR A AeAln] Aeles vkt
T SRR B APl BS54 dlofEle] Hatgto] AR
202 el glof & Ap-Alke] 7o) 113 rhd
Hop Augk ZFeARE N 5 9ls Aotk

2] o5 whe FpHSo] 7Fed Aog 1T 4 glon,
53] A9A5a7E AR ] QA @2 =R B SAA el
Hop 8 RS AR 5 kS 2ok 55 Aeli=
HTF @ A9ANE SEste] Tt Aol Be4RE Hs
sl FUSAE AR sl ee] e EE et 5
08 A

MAE AN

790 Journal of the Korean Society of Civil Engineers

o3l ' FgHE AFslaL ol ke =2 A3A%E
ARt g BEste] IR AR Bds =RS 5 S AR

leihal=t

gl =

B e 7PEL] 7P AR See-At 717 3AY
2712(KMIPA 2017)9] Ao & 45 w9tk

o] =g WA AdHEEol A FIA
° 2 AY=EAFYE

References

Chandrasekar, V., Wang, Y. and Chen, H. (2012). “The CASA
quantitative precipitation estimation system: a five year validation
study.” Hydrology and Earth System Sciences, Vol. 12, pp. 2811-2820.

De Jong, S. (2010). Low cost disdrometer. Master thesis report, TU
Delft, Delft, the Netherlands.

Diop, M. and Grimes, D. I. F. (2003). “Satellite-based rainfall
estimation for river flow forecasting in Africa.” II: African
Easterly Waves, convection and rainfall, Hydrology Sciences
Journal, Vol. 48, pp. 585-599.

Haberlandt, U. and Sester, M. (2010). “Areal rainfall estimation
using moving cars as rain gauges a modelling study.” Hydrology
and Earth System Sciences, Vol. 14, pp. 1139-2010.

Kim, B. S., Kim, H. S. and Yang, D. M. (2010). “Comparison of
spatial distributions of rainfall derived from rain gages and a
radar.” Journal of Wetlands Research, Vol. 12, No. 3, pp. 63-73.

Kim, J. P., Lee, W. S., Cho, H. and Kim, G. (2014a). “Estimation of
high resolution daily precipitation using a modified PRISM model.”
Journal of the Korean Society of Civil Engineers, Vol. 34, No. 4,
pp. 1139-1150 (in Korean).



Kim, S. J., Shin, S. C. and Suh, A. S. (1999). “Satellite rainfall
monitoring;: recent progress and its potential applicability.” Korean
Journal of Agricultural and Forest Meteorology, Vol. 1, No. 2,
pp. 142-150 (in Korean).

Lee, S. H., Kim, Y. G. and Kim, B. S. (2017). “Develoment of
rainfall information production technolohy using the optical signal
of wundshield rain sensors.” An International Interdisciplinary
Journal, Vol. 20, No. 6(B), pp. 4521-4533.

Lee, S. H., Kim, Y. G. and Kim, B. S. (2017). “Development of
relationship equation for vehicle sensor signal and observed rainfall.”
Journal Korea Water Resour. Assoc., Vol. 49, No. 1, pp. 29-35
(in Korean).

Leijnse, H., Uijlenhoet, R. and Stricke, J. N. M. (2007). “Rainfall
measurement using radio links from cellular communication

8Al - 4

ok
>

networks.” Water Resources Research, Vol. 43, No. 10, pp. 1029-1056.

Rabiei, E., Haberlandt, U., Sester, M. and Fitzner, D. (2013).
“Rainfall estimation using moving cars as rain gauges laboratory
experiments.” Hydrol and Earth System Sciences, Vol. 17, pp.
4701-4712.

Seo, G. D., Sung, T. R.,, Lee, K. W. and Ji, Y. C. (2013).
“Development of a precipitation gauge using ultrasonic measuring
technique.” Journal of the Korea Institute of Information and
Communication Engineering, Vol. 17, No. 11, pp. 2745-2752 (in
Korean).

Verworn, A. and Haberlandt, U. (2011). “Spatial interpolation of
hourly rainfall — effect of additional information.” variogram
inference and storm properties, Hydrol and Earth System Sciences,
Vol. 15, pp. 569-584.

Vol.38 No.6 December 2018 791



