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Abstract: As a step to develop a method for automatically acquiring expert knowledge that can contribute
to productivity in agriculture, we propose a new visualization method for analyzing long-term changes agri-
cultural environment information. More specifically, in our proposed method, after transforming original
periodic environment data into cumulative difference values (CDVs). We visualize them together with some
annotations of change points obtained by our change-point detection method. In our experiments, we fo-
cused on humidity deficit (HD) as important agricultural environment, which can be computed from some
environment variables such as a temperature, and collected them from vinyl greenhouses owned by four rose
farmers by setting our original IoT devices. In our experiments, we show that our proposed method can
produce some naturally interpretable visualization results.
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Table 1 Details of the device to collect environmental data.
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Fig. 1 Result of applying CPA2 to the original time series data of Humidity Deficit.
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Fig. 2 Result of applying CPA2 to the difference value time series data of Humidity Deficit.
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Fig. 3 Result of applying CPA2 to the cumulative difference value time series data of Humidity Deficit.
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Fig. 4 Result of applying CPAS8 to the cumulative difference value time series data of Humidity Deficit.
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NI C | BEFED L) IHWIZIEH L T2 OPIEMEIZT > Thawy, #8722 BTED L) IZHEd I vwnpgnr s %
Vo =, RARKEENGRERICTEINMERVWE VI BRDL, 77 7HRIZIEHTE 25077 5.
NI C | Bt E L BICZORK (RE, BELLSPBALL720) A5 LR TR .
NI A C | AR EDBERMEDAY 72w, 3~5 HIZREL2HIE L T awnizd, Mo BeziFIic v, SN BRI
TETVEPEHKTES.
9 NYAD | TARBAI TR o TWARREIILoTE, EIVo/eZ I IHFALTVRE N ZEFGRLAEV. #irwvIE, EiE
MICHECE D77 7 THNERRTVWEIEL L2 2D TE 5.
10 | A"YAD | NYRAZEIEBOREATE 50D13H H H3720,
11 | "YAD | ENTADOHFMTENZITERICESERIH 21T 2L TE TV RG005v. 5958912k 72w,
12 | N7 A D | BOFMHICEIoREN 25 EE (B ) EN2HRCCHRESA T, EFEFSHEES) 2HNTE 20 R .
13 | Z"YAD | AR, REMLS LN SVOEGTDH D00 EEEIBETE S L IC Lz,
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F72, M1 &M 2 TIE, fZEOMHESAREWHIFHC/AS W
HIMAEENICHRIEENTYE., ZRICL, ®3 T,
K& LBEDMEIZALT 2L SN TE DY, A
O ST, —5T, M1 &K 2 »5%1t
DEGVEFHAINS Z L I3 LA, 3 P HIEFA S
CENTEL., M3 TRESE LT AL, X2
TEALZRI LTV HET 5%, 2 o000l
AEbELZLIZLY, ETMUICLEL L8 T— %
LN TELLEEZLND,

M1 &2 OESRHT =5 D75 75, BREOMEEL
MRS L3 L. —F, K3 TlE, V7R A
LD NTZABECQ D2DINTAEIENTESL,
BB IE D /NS Ny A B & O 1, MRS EICE
W S D DOBREFIHAEA L Tnb I EBEILLNL.
LA L, BREBHEZIT> T vy 2 A TR
<, FICHEMT 507 2 D I EH O SIcB W TdE
DEMDVH D EEZHLND,

DEDZ Ens, RETHRIIMERICEVEIZLETF—%
S TETBY, AHERIIBIFLIRET-YOET IV
ILICERTHLEELZLND.

6. TEMERYFFA

AHESEERIC X 0, REFEPERICEVEIZEL T4
T EETH LI EEHLNIC R 72, L Lid s,
REFEDNEBORRTHAHTH 20 H03H L 22 Tld s
WV, FIT, ENTADTTANS, RETFEICL LWL
FERISH L Taxy bEWZWiz, BT ANLDT R
Y hERER 3 ITRT.

RERLC, BERMIcbEs T -5 2T A
LIZDoWTIE, BEMLZERPEGESNE (a2 M1, 3,
12). Bii S OHiAE & 52 5 2 & CHEMERIH % . Tz
D, HOBHOREL LRI ENTEDLLINICRDT:
O, MEFHEICL2THILIZEHTH L LV 5.

— /T, KF—FDARTIZEL AL ENTELRVKE
FIZoWnT, LZLOEEpPH SNz, B, RETEIE
MERTOATH Y, EEOMHEEITHELL TR WZD
ZALDEA VR R H TOME AR/ 2V ) BEDPL h o
7o (axAr b4, 5 13). F72, WMHPFERKETEIIHRE T
WB DN, ZORN, BIEOFEZMY i v BEEY
otz (aXU M2, 7,8, 11).

DEDZ Ens, RETFHICL ZTHEE, EBICER
DRI DT =7 2R TETVWBE PPN E o7z,
— 5T, REFEDOATEATHTHY, LhE{DT—
T HEUBALT S TEPULETH LI E LWL o7,

7. BbHYIC

RRFFECl, BB — 5 & 501§ 5 Tt R L7,
REFER, TV ORBESEEDZIEIZLY, F—¥
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DAL E R, PR OR A S 22123 5.
WRERFHEOERMEEZRT 720, WNFNA 2280 BT
NOEZ—= NI ZADT—=7 % UEL, fBohT—4%12
REFLELEMH L7z, R, REFLEOBEL, KRR
BRI ZHM LBl S kol SHOEE L
T, /NITNA ZDOLER, AHBEROFEAM D BRIEIZG 2
LB OFMERH TN b, T2, RFEETIE, BROD
FIHREBICKRICYD LKL A, @Y% K OPed T IEH5
Mo TWniwv, K QOB R RED LT SHOH
HTH5b.

SEE ARWIZRIZ, JSPS BHFE (C) (No.18K11441) O
k2072 0TH 5D,

SENH

[1]  Chandola, V., Banerjee, A. and Kumar, V.: Anomaly
Detection: A Survey, ACM Comput. Surv., Vol.41, No.3,
pp.15:1-15:58 (online), DOI: 10.1145/1541880.1541882
(2009).

2] Kim, C.-J., Piger, J. and Startz, R.: Estimation of
Markov regime-switching regression models with endoge-
nous switching, Journal of Econometrics, Vol.143, No.2,
pp.263-273 (2008).

[3] Kleinberg, J.: Bursty and Hierarchical Structure in
Streams, Proc. 8th ACM SIGKDD International Con-
ference on Knowledge Discovery and Data Mining,
KDD 02, pp.91-101, ACM (online), DOI: 10.1145/
775047.775061 (2002).

[4]  Saito, K., Ohara, K., Kimura, M. and Motoda, H.:
Change point detection for burst analysis from an ob-
served information diffusion sequence of tweets, J. In-
tell. Inf. Syst., Vol.44, No.2, pp.243-269 (online), DOI:
10.1007/s10844-013-0283-2 (2015).

[5) Swan, R. and Allan, J.: Automatic Generation of
Overview Timelines, Proc. 23rd Annual International
ACM SIGIR Conference on Research and Development
in Information Retrieval, SIGIR ’00, pp.49-56, ACM
(online), DOIL: 10.1145/345508.345546 (2000).

[6]  Yamagishi, Y., Okubo, S., Saito, K., Ohara, K., Kimura,
M. and Motoda, H.: A Method to Divide Stream Data
of Scores over Review Sites, PRICAI 2014: Trends in
Artificial Intelligence — Proc. 13th Pacific Rim Interna-
tional Conference on Artificial Intelligence, pp.913-919
(online), DOIL: 10.1007/978-3-319-13560-1_78 (2014).

[ Yamagishi, Y. and Saito, K.: Visualizing Switching
Regimes Based on Multinomial Distribution in Buzz
Marketing Sites, Foundations of Intelligent Systems —
Proc. 23rd International Symposium, ISMIS 2017,
pp-385-395 (online), DOI: 10.1007/978-3-319-60438-1_38
(2017).

8]  WEHHT, AlFE -, FHEME @ SR BRI
DRI T — & O, THHILI A5 RS E T
L EIEH (TOM), Vol.11, No.1, pp.45-52 (2018).

O] T, BFEME LY a—HA MIB A SES
ICHEDC VY= A AL v F v ZIE Tk L TR~ OIG
H, TR CEET — % <=2 (TOD), Vol.10,
No.3, pp.58-67 (2017).

[10] B3l (fi) @ B93E vol.7 ¢ b o LAY 7o\ BREEHIEHAT—
Hr CO2 REZ, fuzs, Wz EM T 5, RINNL
4 (2014).

11] R (f) @ B3 vol.8 J#4E 1 2 F TH A BRI

18



BHRNIBR ARG FEEEFIEESA Vol.12 No.2 12-19 (July 2019)

Poafs, BRSO & (2015).

Al E+

B U TS AT T 28 B A 0 R TR
ERFFEE. 2011 EEBOR S A5~
AT LA TR AESE. 2o Ay b
7 — 7 OWFFEIZHES.

KR £X  (ExH)

2011 4 P I 37 K 5 K25 Bk 1 i
SRRERHE LR E T, 2014 EFK
FIERREIGHRA  N— 3 U R
, LHEEAE T, MESRE T AR
" e R W% BT A, 2015

EFO AR BB A 7 1 7 R
ffge B (PD). 2017 E L W TR RE I vy a2 — 5 ¥
4Ly AEEENE. By N T — 7, TTHALORIE I
O (). ATHRERS, ORF— 8 R—A%a%
AN

RAGR #BE  (Ex2A)

2000 4 Sl 5 K P SR AR A
3. 2002 4R [F]REE KA e AGE 1R 5
F7ERHE LRTIIRRERE 7. 2005 4E K
P b E S E SRR - R R 1
7. [FAEESGEERFER (COR).
2008 4 i Uk 37 R 2 B 1 PR B
B 2017 R AL RS R T EE AR A, BUEICE D,
BRSO 2T — AMEHRFOMRICHE S, B

B¥E, HRAT - R-AFRERE.

FEME (ExR)

1963 4 A=, f 43 IR 5 Bl k%
1985 4F- B8 JE 3G B K 52 P T2 A3
4 NTT AtE, 2007 455 U 37k
FE BRI EAZ. 1998 R K
L (T%). By b7 — 27 Off
JEICPEF. EPHEHEEYS, ALH
RBP4y, HAMREMES Y, HARRHBIY S, HARITH
= HART— & N—2%#EKAH.
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