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ABSTRACT

Weather causes much of the risk of agricultural activity. For efficient farming, we need to
use weather information. Modern agriculture has been developed to create high added value
through convergence with state-of-the-art Information and Communication Technology (ICT).
This study deals with the quality control algorithms of weather monitoring equipment through
Ubiquitous Sensor Network (USN) observational equipment for efficient cultivation of
cabbage. Accurate weather observations are important. To achieve this goal, the Korea
Meteorological Administration, for example, developed various quality control algorithms to
determine regularity of the observation. The research data of this study were obtained from
five USN stations, which were installed in Anbandegi and Gwinemi from 2015 to 2017.
Quality control algorithms were developed for flat line check, temporal outliers check, time
series consistency check and spatial outliers check. Finally, the quality control algorithms
proposed in this study can also identify potential abnormal observations taking into account
the temporal and spatial characteristics of weather data. It is expected to be useful for
efficient management of highland cabbage production by providing quality-controlled weather
data.
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Fig. 1. The sensor network for USN.

Table 1. Location of USN & ASOS
No Lat lon alt
USN 1 37.61474  128.7408 1057
USN 2 37.61768 128.7386 1052
USN 3 37.62078 128.7383 1006
USN 4 37.33685 129.0065 953
USN 5 372235  128.9654 1156

ASOS
100(Taeback) 37.6771  128.7183 772
ASOS216 37.1703  128.9893 712
(Daegwallyeong)

Fig. 3. An expected cause of error.
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Table 2. Errors by stations for flat line check

Variable all station USN 1 USN 2 USN 3 USN 4 USN 5
(N=44280)  (N=8,856)  (N=8,856)  (N=8,856)  (N=8,856)  (N=8.856)
Sensor stop 6,634(15.0%) 1,249(14.1%) 1,264(14.3%) 3,182(35.9%)  497(5.6%)  442(5.0%)
Humidity error 10,606(24.0%) 2,220(25.1%) 1,608(18.2%) 1,618(18.3%) 2,624(29.6%) 2,536(28.6%)
Temperature error  1,664(3.8%)  379(4.3%)  337(3.8%) 0(0.0%) 503(5.7%)  445(5.0%)

Wind Speed error  3,891(8.8%)  345(3.9%)  344(3.9%) 121(14%)  592(6.7%)  2,489(28.1%)
Sensor stop or error 18,854(42.6%) 3.471(39.2%) 2.879(32.5%) 4,852(54.8%) 3,161(35.7%) 4,491(50.7%)

f

2o AHAM OF7F WS Yok Ao olw qgick mrebd AH B4 Aok &
Hpelzo] Sigeks USN 1, 2, 34 gl 4 Qe Jejue Aoz o2 /e ANg 3
o SRz USN 4, 5do] Mz At E4S 8 avt gk

Table 3. The result of temporal outliers check given threshold

Mean / Median Lower Upper

Variable k (sd) / (MAD)  limits limits USNI USN2 USN3
1 4131 9469  798(14.8%) 630(10.5%) 613(15.1%)
2 14.63  100.00  170(3.2%) 49(0.8%) 71(1.8%)
o 3 21206 100.00  104(1.9%) 0(0.0%) 0(0.0%)
Humidity 68(18)
4 -38.75  100.00 0(0.0%) 0(0.0%) 0(0.0%)
5 -65.43  100.00 0(0.0%) 0(0.0%) 0(0.0%)
ASOS 6 -92.12 100.00 0(0.0%) 0(0.0%) 0(0.0%)
100 1 -122 1956 3,317(45.9%)  3,284(45.3%)  2,850(50.2%)
2 -11.61  29.96 155(2.1%) 112(1.5%) 205(3.6%)
3 9.17 -22.01 4035 15(0.2%) 0(0.0%) 0(0.0%)
Temperature
4 (10.39) 23241 5075 13(0.2%) 0(0.0%) 0(0.0%)
5 4280 61.14 2(0.0%) 0(0.0%) 0(0.0%)
6 -5320  71.53 2(0.0%) 0(0.0%) 0(0.0%)
. Mean / Median Lower Upper
Variable k (sd) / (MAD) limits  Limits USN4 USNS5 All
1 5676 100.00 1,706(29.8%)  1,630(27.7%)  5,377(19.9%)
2 34.52  100.00 0(0.0%) 2(0.0%) 292(1.1%)
o 3 79 12.28  100.00 0(0.0%) 0(0.0%) 104(0.4%)
Humidity
4 (15) -10.00  100.00 0(0.0%) 0(0.0%) 0(0.0%)
5 =322 100.00 0(0.0%) 0(0.0%) 0(0.0%)
ASOS 6 -54.44 100.00 0(0.0%) 0(0.0%) 0(0.0%)
216 1 2323 1787 2,570(32.7%)  2,614(32.8%)  5,377(19.9%)
2 21379 2842 45(0.6%) 32(0.4%) 292(1.1%)
3 732 2434 3898 0(0.0%) 10(0.1%) 104(0.4%)
Temperature
4 (10.55) 3490 49.53 0(0.0%) 7(0.1%) 0(0.0%)
5 4544 60.08 0(0.0%) 0(0.0%) 0(0.0%)
6 -56.00  70.64 0(0.0%) 0(0.0%) 0(0.0%)
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Table 4. The result of temporal outliers check given threshold

) Max Errors(%)
Variable
ASOS 100 ASOS 216 all USNI  USN2  USN3  USN4  USNS
. 5 0 0 0 2 3
Wind Speed  146m/s  243m/s G0 (ou) (0%) %)  (0.03%)  (0.05%)
o 41 0 0 37 4 0
Precipitation 65.5mm 60.5mm (0.11%) (0%) (0%) 0.65%)  (0.05%) (0%)
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Table 5. The result of time series consistency check given threshold

Median Threshold

Median Threshold

1 0, 1 0,
Variable k (MAD) values error(%) Variable (MAD) values error(%)
1 21.65 846(3.1%) 2.83 523(1.6%)
2 25.06 687(2.5%) 3.34 330(1.0%)
3 28.47 599(2.2% 3.84 228(0.7%
Humidity 18.24 @2%) ind Speed 233 (0.7%)
4 (2.3) 31.88 561(2.1%) (0.34) 435 178(0.5%)
5 35.29 543(2.0%) 4.85 151(0.5%)
6 38.70 527(2.0%) 5.35 130(0.4%)
1 4.88 495(1.4%) 3.90 635(1.7%)
2 5.79 312(0.9%) 5.56 495(1.3%)
3 3.98 6.69 255(0.7%) o 24 7.22 418(1.1%)
Temperature Precipitation
4 (0.61) 7.60 224(0.6%) (1.12) 8.88 363(1.0%)
5 8.50 198(0.6%) 10.54 294(0.8%)
6 9.41 187(0.5%) 12.20 263(0.7%)
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Table 6. The result of spatial outlier check given threshold

Variable k All USN 1 USN 2 USN 3 USN 4 USN 5
1 5855(21.7%)  905(16.8%)  1,006(16.8%)  744(18.3%)  1,546(27.0%) 1,654(28.1%)

2 1943(7.2%) 272(5.1%) 263(4.4%) 246(6.1%) 515(9.0%) 647(11.0%)

Humidity 3 627(2.3%) 127(2.4%) 50(0.8%) 116(2.9%) 129(2.3%) 205(3.5%)

4 274(1.0%) 74(1.4%) 12(0.2%) 57(1.4%) 49(0.9%) 82(1.4%)

5 165(0.6%) 61(1.1%) 0(0.0%) 35(0.9%) 22(0.4%) 47(0.8%)

6 105(0.4%) 55(1.0%) 0(0.0%) 17(0.4%) 12(0.2%) 21(0.4%)
1 15,164(42.1%) 2,868(39.7%) 3,069(42.3%) 2355(41.5%) 3,214(40.9%) 3,658(45.9%)
2 9,973(27.7%) 1,785(24.7%) 1,962(27.0%) 1,408(24.8%) 2,073(26.4%) 2,745(34.5%)
3 6,105(17.0%) 1,070(14.8%) 1,120(15.4%)  799(14.1%)  1,210(15.4%) 1,906(23.9%)

Temperature

4 3,746(10.4%) 674(9.3%) 664(9.2%) 532(9.4%) 716(9.1%) 1,160(14.6%)

5 2,538(7.1%) 500(6.9%) 494(6.8%) 397(7.0%) 467(5.9%) 680(8.5%)

6 1,858(5.2%) 395(5.5%) 387(5.3%) 316(5.6%) 350(4.5%) 410(5.1%)

1 604(1.6%) 141(1.9%) 125(1.7%) 94(1.7%) 133(1.6%) 111(1.3%)

2 298(0.8%) 71(0.9%) 61(0.8%) 45(0.8%) 68(0.8%) 53(0.6%)

L 3 179(0.5%) 47(0.6%) 41(0.5%) 31(0.6%) 35(0.4%) 25(0.3%)

Precipitation

4 116(0.3%) 35(0.5%) 27(0.4%) 22(0.4%) 23(0.3%) 9(0.1%)

5 95(0.3%) 30(0.4%) 22(0.3%) 18(0.3%) 19(0.2%) 6(0.1%)

6 73(0.2%) 21(0.3%) 14(0.2%) 15(0.3%) 18(0.2%) 5(0.1%)
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Table 7. The result for quality control of USN data
Variable k All USN1 USN2 USN3 USN4 USNS
1 28,417(64.2%) 5,149(58.1%) 4,538(51.2%) 6,200(70.0%) 6,340(71.6%) 6,190(69.9%)
2 20,032(45.2%) 3,970(44.8%) 3,297(37.2%) 5,206(58.8%) 3,800(42.9%) 3,759(42.5%)
Humidity 3 18,487(41.8%) 3,740(42.2%) 3,018(34.1%) 5,006(56.5%) 3,408(38.5%) 3,315(37.4%)
4 18,064(40.8%) 3,641(41.1%) 2,975(33.6%) 4,946(55.9%) 3,316(37.4%) 3,186(6.0%)
5 17,942(40.5%) 3,625(40.9%) 2,960(33.4%) 4,922(55.6%) 3,287(37.1%) 3,148(35.6%)
6  17,868(40.4%) 3,617(40.8%) 2,958(33.4%) 4,900(55.3%) 3,271(36.9%) 3,122(35.3%)
1 32,084(72.5%) 6,553(74.0%) 6,613(74.7%) 7,252(81.9%) 5,748(64.9%) 5,918(66.8%)
2 18,830(42.5%) 3,568(40.3%) 3,703(41.8%) 4,712(53.2%) 3,160(35.7%) 3,687(41.6%)
Temperature 3 14,583(32.9%) 2,750(31.1%) 2,764(31.2%) 3,996(45.1%) 2,248(25.4%) 2,825(31.9%)
4 12,206(27.6%) 2,350(26.5%) 2,305(26.0%) 3,729(42.1%) 1,745(19.7%) 2,077(23.5%)
5 10,978(24.8%) 2,174(24.6%) 2,131(24.1%) 3,590(40.5%) 1,493(16.9%) 1,590(18.0%)
6 10,293(23.3%) 2,069(23.4%) 2,022(22.8%) 3,508(39.6%) 1,373(15.5%) 1,321(14.9%)
1 11,051(25.0%) 1,702(19.2%) 1,703(19.2%) 3,337(37.7%) 1,259(14.2%) 3,050(34.4%)
2 10,864(24.5%) 1,663(18.8%) 1,676(18.9%) 3,326(37.6%) 1,190(13.4%) 3,009(34.0%)
) 3 10,755(24.3%) 1,638(18.5%) 1,650(18.6%) 3,322(37.5%) 1,157(13.1%) 2,988(33.7%)
Wind Speed 4 10,704(24.2%) 1,629(18.4%) 1,638(18.5%) 3,320(37.5%) 1,142(12.9%) 2,975(33.6%)
5 10,677(24.1%) 1,624(18.3%) 1,631(18.4%) 3,320(37.5%) 1,132(12.8%) 2,970(33.5%)
6  10,656(24.1%) 1,619(18.3%) 1,628(18.4%) 3,320(37.5%) 1,127(12.7%) 2,962(33.5%)
1 7,738(17.5%)  1,490(16.8%) 1,440(16.3%) 3,460(39.1%)  762(8.6%) 586(6.6%)
2 7,349(16.6%)  1,395(15.8%) 1,368(15.5%) 3,395(38.4%)  671(7.6%) 520(5.9%)
Precipitation 3 7,181(16.2%)  1,359(15.4%) 1,339(15.1%) 3,372(38.1%)  624(7.1%) 487(5.5%)
4 7,088(16.0%) 1,337(15.1%) 1,324(15.0%) 3,359(37.9%)  597(6.7%) 471(5.3%)
5 7,011(15.8%) 1,316(14.9%) 1,309(14.8%) 3,343(37.8%)  582(6.6%) 461(5.2%)
6 6,965(15.7%)  1,302(14.7%) 1,299(14.7%) 3,330(37.6%)  576(6.5%) 458(5.2%)
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