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Development of Snow Load Sensor and Analysis of Warning Criterion for
Heavy Snow Disaster Prevention Alarm System in Plastic Greenhouse
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ABSTRACT

As the weather changes become frequent, weather disasters are increasing, causing more damage to plastic greenhouses. Among the damage caused by
various disasters, damage by snow to the greenhouse takes a relatively long time, so if an alarm system is properly prepared, the damage can be
reduced. Existing greenhouse design standards and snow warning systems are based on snow depth. However, even in the same depth, the load on
the greenhouse varies depending on meteorological characteristics and snow density. Therefore, this study aims to secure the structural safety of
greenhouses by developing sensors that can directly measure snow loads, and analysing the warning criteria for load using a stochastic model. Markov
chain was applied to estimate the failure probability of various types of greenhouses in various regions, which let users actively cope with heavy
snowfall by selecting an appropriate time to respond. Although it was hard to predict the precise snow depth or amounts, it could successfully assess
the risk of structures by directly detecting the snow load using the developed sensor.
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Fig. 1 Installation and operation principle of snow load sensor for greenhouse
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Table 1 Commercialized sensors for snowfall monitoring

Sensor tybes Costs Measuring distance | Measuring time Accurac Interface
P (10,000 ) (m) (s) Y
+025 m < 100 m
Haglor Vertex Laser 242~ 10~900 05 £100m = 100 m -
Trimble LaserAce1000 230~ 0~-600 0.3 +10 cm BlueTooth
Lasercr;thRfontour 300~ 3~800 033 +15 cm RS232C
LaserTechnology 110~ 0~1000 0.33 Short range high reflectivity : 0.3 m RS232C,
TruPulse200 ' Long range low reflectivity : 1.0 m BlueTooth
MPH AdvantageB 220~ 0~600 0.33 +15 cm RS232C
TSPC series 128 0~15.2 - 0.086 mm (12 bit) RS232, RS485
ODSL 9 series 120 0.05~0.65 0.002 0.01 mm RS232, RS485
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where P is the Markov matrix with the probabilities of
change of states after a specific time interval, and 7, ; is the
transition probability that represents the probability of changing

from state ¢ to state j after a specific time interval.
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where S is the set of clusters, SSTV; is the sum of squared

distances within a cluster, and y; is the center of the ith cluster.
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Table 2 Descriptive statistics of snow depth data for 2002—-2019

Seoul Daegwallyeong

Month Maximum

(cm)
81.6
123.5
148.9
375
53
36.6
776

148.9

Maximum
(cm)

285
February 16.5 5.0
March 18.5 44
April - -
October - -
8.8 1.6
128 2.8
285 39

Average
(cm)

42

Average
(cm)

19.9
26.7
295
7.7
3.8
46
14.1
213

January

November

December
Total
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where 7, is the failure probability of greenhouse within
n-hour, and P,

im 18 the elements of m -squared markov matrix
(P"I,).
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Fig. 2 Design of snow load sensor for greenhouse
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Fig. 3 Installation details of greenhouse snow load sensor
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(a) Standby mode of greenhouse snow load sensor

(b) Working mode of greenhouse snow load sensor

Fig. 6 Snow load sensor for greenhouse disaster prevention
alarm system
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Table 3 Failure probability of farmhouse A-1 type greenhouse in Seoul

Current Greenhouse failure probability
State snow Within 3 hr, | Within 6 hr, | Within 9 hr,

depth (cm) Prois P P
1 0.1~03 0.0000 0.0001 0.0005
2 04~0.7 0.0000 0.0002 0.0009
3 0.8~13 0.0000 0.0002 0.0012
4 14~20 0.0001 0.0008 0.0035
5 21~28 0.0007 0.0063 0.0211
6 29~3.6 0.0004 0.0039 0.0140
7 37~45 0.0124 0.0472 0.1083
8 46~53 0.0224 0.0860 0.1931
9 54~6.0 0.0057 0.0464 0.1441
10 6.1~6.5 0.0372 0.1490 0.3315
1 | 66~69 0.2517 0.6409 0.8908
12 70~72 0.1888 0.5389 0.8238
13 73~75 0.2414 0.6295 0.8864
14 76~79 0.5762 0.9505 0.9984
15 8.0~ 1.0000 1.0000 1.0000




Table 4 Failure probability of farmhouse A—1 type greenhouse in
Daegwallyeong

Table 6 Failure probability of farm supply 1-2W type greenhouse
in Daegwallyeong

Current Greenhouse failure probability Current Greenhouse failure probability
State | snow depth | Within 3 hr, | Within 6 hr, | Within 9 hr, State | snow depth | Within 3 hr, | Within 6 hr, | Within 9 hr,

i) Pruas Ppuas Pruis ) Pruis Ppuio Ppuio
1 01~03 0.0001 0.0013 0.0062 1 0.1~03 0.0000 0.0000 0.0000
2 04~0.7 0.0001 0.0018 0.0084 2 04~08 0.0000 0.0000 0.0000
3 08~13 0.0002 0.0026 0.0131 3 09~16 0.0000 0.0000 0.0001
4 14~20 0.0013 0.0129 0.0478 4 1.7~26 0.0000 0.0001 0.0003
5 21~27 0.0022 0.0204 0.0728 5 2.7~3.7 0.0000 0.0001 0.0006
6 2.8~33 0.0109 0.0515 0.1389 6 38~50 0.0000 0.0005 0.0018
7 34~40 0.0251 0.1139 0.2804 7 51~6.6 0.0002 0.0019 0.0063
8 41~47 0.0510 0.2069 0.4481 8 6.7~85 0.0059 0.0195 0.0400
9 48~53 0.0916 0.3162 0.5978 9 | 86~104 0.0001 0.0011 0.0051
10 54~58 0.0983 0.3666 0.6834 10 | 105~12.0 0.0003 0.0034 0.0142
11 59~6.3 0.2372 0.6335 0.8945 11 | 121~135 0.0007 0.0068 0.0262
12 6.4~6.7 0.3883 0.8169 0.9725 12 | 136~15.4 0.0172 0.0847 0.2176
13 6.8~7.2 0.3643 0.7924 0.9647 13 | 155~17.2 0.0593 0.2165 0.4407
14 73~79 0.3357 0.7611 0.9535 14 | 17.3~19.0 0.2618 0.6543 0.8973
15 8.0~ 1.0000 1.0000 1.0000 15 191~ 1.0000 1.0000 1.0000

Table 5 Failure probability of farm supply 1-2W type greenhouse

in Seoul
Current Greenhouse failure probability
State | snow depth | Within 3 hr, | Within 6 hr, | Within 9 hr,

(cm) 2 Fail,3 2 Fail, 6 2 Fail,9
1 01~03 0.0000 0.0000 0.0000
2 0.4~05 0.0000 0.0000 0.0000
3 0.6~0.8 0.0000 0.0000 0.0000
4 0.9~1.1 0.0000 0.0000 0.0000
5 12~14 0.0000 0.0000 0.0000
6 15~18 0.0000 0.0000 0.0000
7 1.9~21 0.0000 0.0000 0.0000
8 2.2~26 0.0000 0.0000 0.0000
9 2.7~3.1 0.0000 0.0000 0.0000
10 3.2~39 0.0000 0.0000 0.0000
11 40~52 0.0000 0.0000 0.0001
12 53~72 0.0000 0.0002 0.0009
13 | 7.3~10.7 0.0001 0.0010 0.0035
14 | 10.8~19.0 0.0122 0.0422 0.0882
15 19.1~ 1.0000 1.0000 1.0000
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