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Implementation of an Automated Agricultural Frost
Observation System (AAFOS)
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ABSTRACT

In agriculture, frost can be devastating, which is why observation and forecasting are so
important. According to a recent report analyzing frost observation data from the Korea
Meteorological Administration, despite global warming due to climate change, the late frost
date in spring has not been accelerated, and the frequency of frost has not decreased.
Therefore, it is important to automate and continuously operate frost observation in risk areas
to prevent agricultural frost damage. In the existing frost observation using leaf wetness
sensors, there is a problem that the reference voltage value fluctuates over a long period of
time due to contamination of the observation sensor or changes in the humidity of the
surrounding environment. In this study, a datalogger program was implemented to
automatically solve these problems. The established frost observation system can stably and
automatically accumulate time-resolved observation data over a long period of time. This data
can be utilized in the future for the development of frost diagnosis models using machine
learning methods and the production of frost occurrence prediction information for
suirounding areas.
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Table 1. Hardware setup for the Automated Agricultural Frost Observation System (AAFOS): datalogger and

meteorological sensors

Company Model Description
Campbell Scientific Inc. CR800 Datalogger
Campbell Scientific Inc. / Decagon Devices Inc. | LWS-D Dielectric Artificial Leaf Wetness Sensor
Apogee SI-431 Infrared Radiometer Sensor
< 2= oot A AlES ARgSke] R 4 T4 59 FUE=E ZHerHApogee Instruments,
9 Aolth. GUALAALWS D)L 7h=, A= £ 2020).
77} 217} 60, 70, 0.65 mm®] 214 e}z Fejoln]

HIE, Ui, 77, G857 BAF 2%, 254 5ol AA
U} AR A4S AT Qlck B e
g AU 10 - 50%= 3000 mV YA &8 HY=
320 - 1000 mVolH, AXA] 7|& AYL 326 mVE
A WA Eo] QJtiDecagon Devices, 2016). A ]A
EAMA(SI-431)= AlofZi(field of view)e] HEZ}o|
14°= LWS-DE] ¢F 7 cm 9of] oF 30° ¥ oj5lA
MAgFo 2 H oF 11 cm’9] Alojzt WH o2 LWS-D2)

Fl
o

TS (Surface temp) =
DTS (Dry threshold, empirical value) =
WTS (Wet threshold, empirical value) =

@S voltage value (m@

III. HIO|E{2H 15 =21 ofjA] U

Ay

CR800 HJo]E]Z 7+ CRBasic 210]9} Campbell
Scientific AF2] CRBasic EditorS ©]-&&}o] 2 7d)
5} thhttps://help.campbellsci.com/crbasic/cr6).

ol 2A 5 ZRIHS EUH I=5EF
(10-2023-0064612) 9] =g|1z& wZX|9KFig. 1),

Surface temp of LWS (°C) ------------- .
LDI" + : 7 mV

DTS +: 10 mV

Emplrlcally derived from case analysis of
eight AFOS sites from Nov. 21 to May ‘22

*LDI (LWS Dry Index) = The mV of moving minimum (MM3) for the past 3 days based on the
current time in minutes, or the average of the MM3 for the past 3 days
(AMM3) if no dry values were observed in the past 3 days.

Fig. 1. Logical flowchart of the Korean patent-pending frost determination algorithm (Application number

10-2023-0064612).
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Fig. 3. Sample output of the Automated Agricultural Frost Observation System (AAFOS).
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Table 2. Sample outputs by the AAFOS: 1-minute interval output

TIMESTAMP RECORD LWmV_Avg LWMDry Tot LWMWet Tot LWMFrost Tot LWS TC Avg
TS RN mV Minutes Minutes Minutes Deg C
(LST) Avg Tot Tot Tot Avg
2023-10-23 14:40 9391 273.3 1 0 0 12.59
2023-10-23 14:41 9392 274.6 0.667 0.333 0 11.11
2023-10-23 14:42 9393 276.1 0 1 0 8.71
2023-10-23 14:43 9394 278 0 1 0 7.08
2023-10-23 14:44 9395 280.1 0 1 0 4.81
2023-10-23 14:45 9396 282.7 0 1 0 2.97
2023-10-23 14:46 9397 286.2 0 1 0 1.32
2023-10-23 14:47 9398 289.9 0 0.167 0.833 -0.58
2023-10-23 14:48 9399 294.2 0 0 1 -1.26
2023-10-23 14:49 9400 299.2 0 0 1 -1.39
2023-10-23 14:50 9401 306.4 0 0 1 -1.63
2023-10-23 14:51 9402 313.7 0 0 1 -1.49
2023-10-23 14:52 9403 3224 0 0 1 -1.82
2023-10-23 14:53 9404 328.7 0 0 1 -2.22
2023-10-23 14:54 9405 333.2 0 0 1 -3.09
2023-10-23 14:55 9406 337.5 0 0 1 -4.41
2023-10-23 14:56 9407 3429 0 0 1 -5.72
2023-10-23 14:57 9408 349.8 0 0 1 -6.57
2023-10-23 14:58 9409 358.3 0 0 1 -7.17
2023-10-23 14:59 9410 367.9 0 0 1 -7.62
Table 3. Sample outputs by the AAFOS: daily output
TIMES RECO LWmV LWM LWM LWMF LWS_ LWS_ LWS_ MMI_ o0 o oo BattV_ PTemp
TAMP RD _Avg Dry Wet rost TC TC TC Min Min C
TS RN mV  Minutes Minutes Minutes Deg C Deg C Deg C Volts Deg C
(LST) Avg Tot Tot Tot Avg Min Max Min Smp Smp  Smp Min Avg
2023-
10-17 0 2613 4515 0 0 13.99 1044 2794 2573 2624 2740 2840 1226 1742
0:00
2023-
10-18 1 261.2 1440 0 0 16.42 894 28.66 2567 2573 2740 2840 11.85 18.08
0:00
2023-
10-19 2 2633 1440 0 0 17.62 11.06 3037 2573 256.7 2740 2840 1120 19.06
0:00
2023-
10-20 3 2604 366 0 0 28.09 27.66 29.50 260.1 256.7 263.7 2737 11.65 28.61
0:00
2023-
10-21 4 259.4 1440 0 0 27.16  21.19 28.07 2587 2573 263.7 273.7 1245 27.71
0:00
2023-
10-22 5 2584 1440 0 0 2743 2631 29.65 258.0 2587 2643 2743 1294 2737
0:00
2023-
10-23 6 258.6 1440 0 0 27.60 26.53 29.92 258.0 258.0 265.0 2750 1295 2745
0:00
2023-
10-24 7 2658 1332 48.17 59.83 1898 -19.62 28.14 258.0 258.0 2650 2750 12.04 20.26

0:00
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Appendix - Datalogger program with annotation for the Automated Agricultural Frost
Observation System (AAFOS)

’Automated determination of Frost/Wet threshold voltages (autofrost.cr8, krk9, 20230615-20231025) for
CR800 Series (datalogger model CSI CR800)
’A practical implementation of the Korean Patent Application #10-2023-0064612

’Declare Variables and Units

Public LWmV, LWMDry, LWMWet, LWMFrost, IRR(1)
Units LWmV=mV

Units LWMDry=Minutes

Units LWMWet=Minutes

Units LWMFrost=Minutes

Alias IRR(1) = Lws_TC

Units Lws TC = Deg C

’Define Data Tables

DataTable(Min01,True,-1)
Datalnterval(0,1,Min,10)
Average(1,LWmV,FP2 False)
Totalize(1,LWMDry,FP2 False)
Totalize(1,LWMWet,FP2, False)
Totalize(1,LWMFrost,FP2,False)
Average(1,Lws_TC,IEEE4,False)

EndTable

DataTable(Min10,True,-1)
Datalnterval(0,10,Min,10)
Average(1,LWmV FP2 False)
Totalize(1,LWMDry,FP2 False)
Totalize(1,LWMWet,FP2 False)
Totalize(1,LWMFrost,FP2,False)
Average(1,Lws_TC,IEEE4,False)

EndTable

DataTable(Hour01,True,-1)
Datalnterval(0,1,Hr,10)
Average(1,LWmV,FP2 False)
Totalize(1,LWMDry,FP2, False)
Totalize(1,LWMWet,FP2,False)
Totalize(1,LWMFrost,FP2,False)
Average(1,Lws_TC,IEEE4,False)

EndTable
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DataTable(Day01,True,366)
Datalnterval(0,1,Day,10)
Average(1,LWmV,FP2 False)
Totalize(1,LWMDry,FP2, False)
Totalize(1,LWMWet,FP2,False)
Totalize(1,LWMFrost,FP2,False)
Average(1,Lws_TC,IEEE4,False)
Minimum(1,Lws_TC,IEEE4,0,0)
Maximum(1,Lws_TC,IEEE4,0,0)
Minimum(1,MM1,FP2,0,0)
Sample(1,MM3,FP2)
Sample(1,DTS,FP2)
Sample(1,WTS,FP2)
Minimum(1,BattV,FP2,False,False)
Average(1,PTemp_C,FP2,False)

EndTable

> vars for daily LWS dry/frost/wet voltage
Public MM1,MM3, Dry(3), MM1d(3), MM3d(3), AMMS3, I, RecData, RecBack
Public DTS, WTS, LDIa(2), LDI

> pre-determined values for daily LWS dry/frost/wet voltage

Public DTScsi = 274 ‘default dry threshold mV per CSI spec (may be adjusted at site)
Const alpha = 7 ‘threshold mV above LDI to determine frost (LDI + alpha => DTS)
Const beta = 10 ‘threshold mV above DTS to determine wetness (DTS + beta => WTS)

’Main Program
BeginProg
DTS = DTSecsi
LDI = DTS - alpha
‘Main Scan
Scan(10,Sec,1,0)
‘initialize & load LWS-related past data
For i =1 To 3
MMI1d(i) = LDI : MM3d(i) = LDI : Dry(i) = 0
Next i
RecData = Day01.Record(1,1) ‘RecData starts from 0 (zero)
If RecData >= 2 Then RecBack = 3 Else RecBack = RecData+1

For i = 1 To RecBack

MM1d(i) = Day0l.MMI1_min(1,i) ‘minimum LDI during the previous day
MM3d(i) = Day01.MM3(1,i) ‘minimum LDI during the previous 3 days
If(Day01.LWMDry tot(1,i) > 0) Then Dry(i) = 1 Else Dry(i) = 0
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Next i

If RecBack >= 3 Then

AMM3 = (MM3d(1)+MM3d(2)+MM3d(3))/3

If (Dry(1)+Dry(2)+Dry(3)) > 0 Then  ‘more than 1 dry event
MinSpa (LDIa(), 3, MM1d()) ‘LDIa(1) = minimum{MM]1d(1),MM1d(2),MM1d(3)}

Else ‘no dry event
LDIa(l1) = AMM3

EndIf

LDI = LDIa(1)

EndIf

DTS = LDI + alpha
WTS = DTS + beta

‘SI-431 Infrared Surface Temperature Sensor measurement ‘Lws TC’
SDI12Recorder (IRR(),1,0,"MC!",1.0,0)

‘LWS Dielectric Leaf Wetness Sensor measurement ‘LWmV’
BrHalf(LWmV,1,mV2500,1,1,1,2500,False,10000, 60Hz,2500,0)

LWMDry=0

LWMWet=0

LWMFrost=0

MMI1 = WTS 20231025: to allow LDI jump (abrupt/large contamination)

If MM1d(1) < MM1d(2) Then MM3 = MMI1d(1) Else MM3 = MM1d(2)
If LWmV<DTS Then
LWMDry=0.1666667

MMI1 = LWmV
If (LWmV < MM3) Then MM3 = LWmV
Else

If Lws TC < 0 Then
LWMFrost = 0.1666667
Else
If LWmV>=WTS Then
LWMWet=0.1666667
Else
LWMDry=0.1666667
EndIf
EndIf
EndIf

‘Default CR800 Datalogger Battery Voltage measurement ‘BattV’
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Battery(BattV)
‘Default CR800 Datalogger Wiring Panel Temperature measurement ‘PTemp C’
PanelTemp(PTemp_C, 60Hz)

‘Call Data Tables and Store Data
CallTable Min01
CallTable Minl10
CallTable Hour01
CallTable Day01

NextScan
EndProg



