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Development of Yield Prediction Model Generation Process

for Fruit Vegetables in Plant Factories

YUKI TODATE™ MICHIKO OBA™? MITSURU TAKAMORI

Abstract: Fruit type vegetables such as tomatoes and cucumbers are major crops grown in plant factories, so
appropriate production and sales plans based on yield prediction are required. However, yield prediction of fruit
type vegetables in plant factories is currently difficult because of weather and human influences. Therefore, the
purpose of this research is to analyze the factors related to the yield of fruit type vegetables in sunlight-based plant
factories and to develop a yield prediction model. To achieve the purpose, we developed a yield prediction model
generation process consisting of six sub-processes: (1) data selection for model generation, (2) data preprocessing,
(3) data visualization, (4) feature design, (5) selection of prediction methods, and (6) model optimization. We used
environmental data inside and outside the facility and actual data of past yields as features, and also used Multiple
linear regression, generalized additive model, and multivariate adaptive regression spline to construct the prediction
model. In this paper, we report the experimental results of applying the developed prediction model generation
process to mini cucumbers and mini tomatoes to verify the effectiveness of the proposed method.

Keywords: Yield Prediction, Plant Factory, Fruit Type Vegetables, Statistical Modeling, tsfresh Package
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ETEE L ZOFMIHNDLET —F1E, I=%v oY
1£2018 524 H~2019 45 HD4 59 #4y, =t~ b,
2018 A 2 A ~2019 4 6 A OHIM D4 66 W53y DT — X Th
4. BHEORFEIL, 3.2.10 HIEFVAERAT —2&E ) Tl
L7 B OERIEE I EE SN T o7, £72, 3.2.2 TH TR
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= 1 AFR L7 B
®E BAEO&RT
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238 R O I [kg]

WY (Weekly yield)
PYO01(Past weekly yield a week ago)
PYO02(Past weekly yield two week ago)

PY03(Past weekly yield three week ago) 33 RIRTOUL £ [kg]
PY04(Past weekly yield forth week ago) A43E AT D U i [kg]
AT(Air temperature) S DRIR(°C)
AH(Air humidity ) S (%)
SR(Solar radiation) H 4 £(kWh m2)
FT(Temperature in the facility) HEER N DR EE(°C)

FCD(Carbon dioxide concentration in the facility) | (b /% 3 (ppm)

FS (Satiety in the facility) B0 (g/m?)

45 T—AOORIE
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X 201%, PHKROBENNEOHRKE 7T 7IC L0
ThDH. BHIEOFHMHEE, =% 5 V2 135kg, 1=
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— X OB T, I=%9 5 ) OREIIFHEH N H
LI ENDPoTZ. K2 ODI=Fww ) DORENKE Y
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HWRT D EHTNT TERRKIZR S TND Z EB50H
o7, —F, I=h~ FOREIIBRES & T MICEH
EEOMMNRH D Z ENNh-oTz. 2 LORENKEL
BT DEHAN O BAELTWDZ Enn, HiME2E
T RERED & o RO AW TR R b
TmeEZLND. £, T= M7 MIBWTEHIZLEOME
MRHE D MR- BREZRET D720, WY LTHDOHE
(EBIZeT VT LA, M7 —ZOHMIEI=F
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BAREICIE, BEETRNEIHEZ OO ETHELERE L0
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TR, FHRHEFEAOINEDENTLE /22 ENRZETH
na. UEDZ &Ry, FREERAZEUIITZATWD L,
I=FWwIHIVDLIL, BEHRORENRBINENH D
X9 RFHEBHOBMIT/ D EHES LS.

§ 7 v‘ == Mini cucumbers
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2 W{EM O BEOHERS
4.5.2 BHER O BREOFTHRAL

H %L & R o BIGR I & SRR O BRI D 54T %
LIZFERIZOWTaAT 5. X3, X 4 ICHEREO e —
by FBERT. AR OB IZIE, Spearman DJIE
NEAEBEfRE A FV 2.

F =B DO/ OFERIOVWTHAT S, FFI=%w )
DIZBWTIE & OFHREBIR D R BIR Aoz 0ix, 1
TAFRTOILEPYO) D HAHBAREL 0.79, FeW T, mafbik
FEBEFCD) -0.71, KIBAT)A 0.69 &\ S fEE L 72 o 7
—HT, T=h= MIBWTHNE K E OMBBGE R D
< R0, 1EMTOEPY0D 0.83, Hil T,
TEMUIRFEILE(FCD)S -0.34, KIR(AT)AS 0.33 &9 5
Elpoiz.

R=XwIHIDEI= b FOWGFOEDT, MRFEUE
PEAI & & OFHBEIBMRN TR 7D L WO R & e oTz.
o OGRS Ao BEE T T VIR 5 =
LIZE - T, BT AVOREEN L2025 ATREMEAE V.
K B O BRI DM OBLE TIE, FEHTREZRZERN
Hohi. Zhdz, VEMIC L > TS TR 0 B )3 L
b EHEIND.
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4.6 BHHEORE

F9, £ 1 OBME tsfresh D extract_features = — /b
IZEoC, WERFIT — & ORI KW LT & A2 i L
. TORE, I=%9 5 0TI, 13,243 HOFHEEE
HL, I=hk< FTiX5278 EOFEEAEMM L. KRIZ,
A U< tsfresh @ select features &3 = —/L& FIV =AY
RHREIZLY, I=ZF9wH01X265M, I=hr~ hiX69
8 THMEEZKVIAR L. RIZ, MERKEEIZLY,
=X I EI= 2 FTEREN 5 HEORHBE %R
L7z, Fefklc, VIF OfixEI LI e 24, 2 TOREEN
SR ChoTlcd, ZEILFEOR VIR &5 55
ETOREEEZFIHTAZ L L LT

RSN ORE R, S o N RHE e £ 2 &% 31T
FEEEAIILLT O 3 SOEEN LR INS. (1) FEEE
T 2 RERFIBM:, Q)F DR EE M3 572 DIZHEH
SN EF RO, 3) FrEH AR BT 58
FTA—EDX—LHEDORT:

[kind] _[calculator] _[parameterA] [valueA] [parameterB]
[valueB]



TR RS
IPSJ SIG Technical Report

F£2: I =% ) ) ORFEEFROME R
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C_TS_SRMAX | solarRadiation_max_period_7 FRE 7 BRI D O OB H K

C_TS_CDC THE 7 BT OHIR O

CO2f 0 SARHE

carbDioxConcent_average_period_7

C_TS_ATMIN | airTemp__min_period 7 TR A 7 BHFD S OB OKIR O F/IME

C_TS_PYW pastYield01 _cwt _coefficients_ 1 ARAT DU R DRicker 7 =—7 Ly hD
coeff 0__w_20__ widths (2,5,10,20) | #ifie” =—7 L v MEHHE
C_TS_AT airTemp_average_period_7 TR 7 BRATA B O O KIE O RBHE
#3: I= v FORFEEBEROME R
i Lhjed P
T_TS_PYW | pastYieldWeight_cwt_coefficien TR A 1ER#TOIEDRIcker = —7
ts_widths_(2,5, 10,20)_coeff 0_w_2 Ly b0 =—7 Uy MEBRIE
T_TS_AT airTemp_average_period_7 FRAB 7 AR S OB O
KIEO1 B OFH O RFHE
T_TS_SR solarRadiation_abs_energy B2 REOGIHE
T_TS_FT facilityTemp_fft_coefficient_coeff 0_attr | MEFRIREEICRIS 2
angle 1 YThE s E 7 — Y =D
7 — Y =AREAE
T_TS_CDC | carbonDioxideConcentration_fft_coefficie | COXEE D1 WRIThimE 7 — U =2 HD
nt_coeff 0_attr_angle 7— U T REAE

BIRIN TR EIZOWTHEIT 5. 77, FERYIT—#
FH ORI S - R EIC DWW TR T 5. £ 23 O
1 WoTHEs 7 — ) =B} v h— T = —7 Ly b O
Jx—7 Ly hE#HEH W C TS CDC, C TS SR,
T TS PYW, T TS HT,T_TS CDC BRZHUTHT=5. Zhb
DR EEITEAM R B b2 R TREETH DS, T OFEHIE
i, BB EOBER O HTRHC b FEIATCIFER AT & L
THEMICE O TR EN TN &b, FFHEORER
FRIZE TN Z & THER L.

47 FPRAFEORELETILOBEIEIE

R T — &%#@9%5MM@%%%%”7 212,
16 H(#) 25%) T A R T —H IZHEI LTz, £ FPNFEES
%?*5&%%(,%ﬁ&%@gGﬁ%Abﬂkﬂ4ﬂﬁ

NI A—FOBWEE LT-. £ 4, £ 512, TORERT.
ﬁ%%%%%ﬁ%&m;of,Lﬁént%@ghﬁﬁo

. FFEEICIE, MBSO HT OBRICINE & OAHBIBEfR D E
&éhtﬁé#%< I AMEE L o=, F o6 121%, T
a—= U T LR E E A R—=XT XA =% ZHWNT, T

AR TF—=HIZBWTCTHILIEEORRE 2774, WiEY &
PR E N R b EN-2 7201 GAM Wiz THlET L
Thol=. tsfresh ODFZIEEZ G T 5 7=, tsfresh %

FIFH U CHRERH A2 L7248 & tsfresh 23
IR 1 OB EEZZOEEH ST GEZ L.
895 PRIFECE, S TRbEWVREZ R L
GAM Z# e & 7TICEORER A RT RERE LT
tsfresh FIIHIZ K o TRAENICTRFEE 2 W L7z 2
L EfER LT,

F 4 NANR—RGRA—HDTF a—= v THER

PSER(RY MLR GAM MARS
I=&wIob L select=FALSE degree=1
method=REML nprune=2
I=hvh 2L Select = TRUE degree=1
Method = REML nprune=12
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£ 5 BHMEOF 2 —=U VR

AR MLR GAM MARS
I=F9wIHY C_TS_AT C_TS_AT C_TS_AT
C_TS_PYW
I=hk=h T TS PYW | T_TSPYW | T_TS PYW
T TS SR T TS SR
T_TS_CDC

# 6 FTMFEIC LD THKEEORER

et FHHERRER (MAPE[%])
MLR GAM MARS
I=EwHY 19.2 17.0 17.7
I=bt=th 42.0 19.8 42.6

#7 : tsfresh OFHAMIZ L 5 THIKEE O

tsfreshl] F I=%9dY I=hwh
i . .
Train Test Train Test
tsfresh 13.2 17.0 25.7 19.8
tsfresh 16.9 22.9 19.7 19.9

pastYieldo1
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TS PYW) &XURIZBEHT H4#8E (C_ TS _AT) ®2 DD
HMENGSENLERL o, W5 kv, KIEL R
RO ENFEVMEE, BRI E S REL RHHENRH D Z
Lot —J, 2= b~ b TIEEBRTOE(T
TS PYW)IZEHT BB EOHZ B IEN DR E o7, &
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