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Abstract

The predicted prices of agricultural products have a great influence on market supply and demand
control decisions. The purpose of this study was to predict the average price of Hallabong tangor,
which is distributed in 9 wholesale markets nationwide, using a deep learning-based LSTM
network. Daily data (2,398 data points) from 2007 to January 2021 based on the average price of 3
kg of Hallabong tangor sold in 9 wholesale markets were used in this study. To train the model, 80%
of'the dataset was used as training data and 20% was used as test data. For accurate price predictions
using an LSTM network, it is necessary to determine the epoch and batch size. An epoch of 700 and
batch size of 128 were judged to be suitable for the model (RMSE = 1040). The resulting model
could accurately predict the average price of Hallabong tangor. The deep learning-based Hallabong
tangor price prediction model provides useful information for agricultural product price trends,
government policy establishment, and consumer demands.
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RNN(recurrent neural network )= %2210 UH7T &gkl ThA] ZotE]= A5 7ig el 41782
W= O]1|3t(Shin et al., 2018). o] A2 AlA|F Blo|HE A 2lst7] L1 AlRF=| QAT 2717t
AA WA= e Q141512] ok ZAIRlo] ARSI o] et AIdS s dsh] gt o=

LSTM(long short-term memory) HIES]Z7F IE =] Irt. LSTM= RNN®| 9 #22, 71541
eheefo] chet 71 918 4 Arefe] Astar

=

ofY
AAE sjgl o] Zol 2A8t 4= Qlth(Hochreiter and

Horticultural Science and Technology 571



LSTM HIES/AE 0|85t stk 1A o2 2g

Schmidhuber, 1997; Olah, 2015; Shin et al., 2018). LSTM-2 o] 2] 2o}o] £AIE 375 & 43, A de] AFe= 1
ATH(Olah, 2015). E3], A $74-L di=5H= YHO 2 LSTM o= Rdo] A 8] 71} 700%, RNN EHETH= 140%
J's /M= 2 th(Kim and Oh, 2018).

RS ftetke-2 FAleke B, YR e dTa AR A 2o A 1972 A0 E2HS wHllsh A SAE 5
O g SE|Hzto M= 19901 27 A= 7] Al2kstod vijd A H A3 A rtre] S7FE A )1tk (Han and Kang, 2011). Al
A2 A S7Ee ) A7 sl A 714 stk MEo] 2 ek Holaal Qlth(Ko, 2017). ek e B
7HAZ S 1ol SR ARG S o1 8R pE RS 7N SHITH (Ko and Kim, 2012). B 59} Jut, vk, £ g o= 7t
APl EE 7+ sl 5ol tiet ARIMA B9 (Kim, 2005)2} 87 1435-52] 7H4 A d& dlefoto] 71t g o] 3
w7FA-2 GARCH(generalized autoregressive conditional heteroscedasticity) 23>t VAR(vector autoregression) &3-S
o]-g5to] 53t HH(Lee et al., 2006), A7 2] 7 A2} Y O & Futo] AEfHA M G5 55, Jut E5HA7] Erfrt
A& &3 A7(Nam and Choe, 2015), LSTM H|E T35 &-8-5lo] 4 o}, o}, of| &4}, Al 24| 5] 7}2(Shin et al.,
2018), Ak 7+ Z7HA(Im et al., 2018), Y5, EOFEFARS: 7FA(Kurumatani, 2020), GHl5s, 2222} Brinjal 71
(Banerjee et al., 2022)7}-2A11 0] 3H7 W5} F4-S o Z(Lee et al., 2020) 3 A -50] It ARIMA= AJA|E EarE] 59
K714 a0l 7V de] A8 = AR Rdle WA HElS 226H] Rohs who] Sl ol 2idt e Bk 4 Qe
Hto] LSTM RElo]th(Prakash and Sumaiya Farzana, 2019).

F2 A5 2dS FoH LSTM Y E A0 sten|e 59| gk 7o) F-85lth Epoche 159 WHaS oJn|si 71
ofit o] Helg Th= Aol A FAsHoF e, 1L ol fi= AR Bla P AIGHA oAl o5 AR iRt Al wiZ oot el
off 23t o1& 74T A 7HA 2o Aol Foll RO 52 7hadll & 4 At 7 4] A4S E4ske 7 B ARl Bt
L= RMSE(root mean squared error)©|th.

& e ek itE e dh o= 97l riAlEel A A E A Se B AS B O =, LSTM HIE/IAL 7[H-& o8
Sto] oh5et & 29 59| Bt S olEel Kkt

HH
o

24

Hu
a
oE

gt 71 ke AR e dEEstaste] AmE olgslaon, BY sks2 f1sf 2007 109 3197 H
o

2021 19 31971412 7171 2,39870 ] Ho|E|(E3/AS/HIAE)E AF&5E3tt Auli7} o] 012 2] oF=de 1] go]
EfoflA] AHAISFALE. 2,398702] BlolE] 5 80%7t E3/7% BIAEALC & ARESIIT. 2] 1 Sh53t sk RElg 7|to 2
= A

s
otof 220219 29 52H28Y7H 9] §tebs Bt 7HA = 5ol Bt 2 dlofe] o] 22 97 Ao BurtA o=,
A&7, A AT, HiAE S5, I BE, 35 28], ol @A, 7371 e, Al 7dAeE A7) 4 iAol Tt 2 At
THAAEEH, 1kg, 3kg, Skg, 10kg 5)= 25 3kg 0 &2 Mot 7FAS: o] 8519t

LSTM2] A THA| 2= cell stateZ 5] o] HHE E Z12]5 Adh= Z 02 sigmoid layeroﬂ Olsf| AAHTHOlah,
2015). o] IS forget gate layer(Fig. 1B, Eq. 1)2}2 2hct. E]'%‘Er =02 oo =MEe AR 5
of]| A& 2|1 Aol= 21 © 2 input gate layer(Flg 1C, Eq. 2-1, 2)2t 51, sigmoid 1ayer7]-01U’4 o
AHHEq. 2-1). L thZof| tanh layer7F 2> 35 ZF=2] vectors }%_T_’(Eq 2-2), cell state©]] B12 EHIE Rk o] 27
T SA A U JRE A state S ‘:ﬂO]E DA =E T TR DA 719 cell state T AH|O|E A A =2 cell
state’S TH=+= TAO|H(Fig. 1D, Eq. 3). PF2F SAl= 7915 output 0 & U HH 2|5 A5h= Zlo]t}. WA, sigmoid layer
ofl input H|oJE}E Bl YA cell state2] o]= F-2-S output 0.2 HEH 25 F3tHFig. 1E, Eq. 4). 1311 L}A] cell state’S
tanh layerof] B 1A — 13} 14101 ] S B2 Fof| W5 o] Al4FRT sigmoid gate®] outputt FolETh(Eq. 5). 1 292
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7} output © 2 Hf112} She R et W2l 4= 1A Hr.
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Fig. 1. The repeating module in an LSTM contains four interacting layers (Olah, 2015). (A) LSTM architecture, (B) Forget
gate layer, (C) Input gate layer, (D) Cell state, (E) Output gate layer, and (F) Legend.
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ne,
M

HFA Q1 A1} Al ol I S5 vlolE ol thote] 0 -1 Ato]o] gro & HiglaA] sl gro= sh5at HIAES

&5ttt LSTM HIE YA 7198 AFgste] 24 9] epoch@} batch sizeS 73T X A3}sl= vl o 2= Qubz o & who]
AFEE]= o R 23K AdamOtimizer) S o804 F8%T AS54E] AlE B2 AHRMSE)E #A3tol= S 3
Foict. Addof] AR&gE o= Python $10]= 251 PyCharme AHE-5F3L.0 ™, AR 2fo| B 2]2] 24= numpy, pandas@}

keras 5 ©]%ic}.

|0

[¢]

97l o Ate] SHabE 71A-S Al E H T, 3kg 715 F o] B+t 55,00099(201349 102 39), #4 Bt 4,1009€(201019 62
179) 2.2 34t 13,3709 Ak FAE L A3 ThFig. 2). 970 iAol A 7F 7] W= 7FE2 80,000¢0(2009'E 9 30
yollom, 7P WA ¥h= 7128 1,0009(20164 129 229)0 i), thek WS 5904 10971 Shetio] Aate] 7]
gtom, 32 ghefgo] SotEls AR E 119 2742 7H o] &7 34w Ak Bt

73} =5Fo] A 0 A g5 Wt 7HAL = G e A FE B ATk Table 1). Arf=dat 7HA Zholls 2o Ad3t, of
719} Hat7lehe 15 2 Goloh Ho] AR A8 B Atk Ko and Kim(2012)2] Aol wh2H, 3712 Aluz] o ¥ A|E o)A
A}, AUl Q. 1 2] A E71371A-2 20219 kel 2,41 79 02 A, 2 Ao | 9U7tA] Q] Hdt 7HES |
™ kg 2 5,300€14 24 3,6009, B 4,0209.0 8 A7} o]FolA, B ALel= 2jo7} yith

SHetgo] et 7HA2 stelohe FAIE EAthFig. 3). %71t sletrke] Zfol & HH, 0 - 76,0009 Zle] & B+t 17,720
o) 2ol 5 Btk T o5 AW EH, FlehE- Fdof 2lo7hE A 0 2 AJ7tE]7] wfiZo]th. Han and Kang(2011)= %21t
glof| A Rtehg Aol A 2 FAE thEo = o[ 83=t, o] WAt pAIASH 52 Zefiote] 7 FAS ASHAIXITkL gt
ohar skt o]zt I 4 Aol 2tol= A Q1 ol 71Q1eE HjFo] o n g A1 ZHo||A 714 zfol 7 AYgh
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Fig. 2. Changes in the average price and total volume of Hallabong tangor fruits from October 31, 2007 to January 31,
2021.

Table 1. Correlations among total volume and the high, low and average prices

Total volume High Low Average
Total volume 1 —0.042* —0.319%** —0.198***
High 1 0.273%** 0.601%**
Low 1 0.829%x*

Average 1
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27| ool et el Hdshs o2 shen|E S HAgsto] RElS HAotsh=d], ol#Rt shetn|H S sto] 1 uteh]
El(hyper parameter)2fal F-2=H, 0] 50| Zgto] whe} R el o] 450l 29}, i A7of|A o] stol o vzt el = of5 il
S144(Epochs) 2} B2 Ato] Z(batch size) HTt. St5-8 Ak=E o]-§5t0] k54 o BRAl= 2 epochet 519, o 7] =2
datasetE U2 A4She 271E batch sizew} 9t} 2 Lol A AR8RE Stol o shehi| B 52 2751 RMSES 1l2{5to]
Z|2 melZke AA5tE. RMSES] SIS ArwE A} 700 epochs®t 128 batch sizeollA] 7Fg W ThFigs. 4 and 5).
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Fig. 3. Changes in the price (high-low prices) of Hallabong tangor fruits from October 31, 2007 to January 31, 2021.

80000

60000 -

40000 -

Price (won/3kg)

20000

0 400 800 1200 1600 2000 2400
Number of days

Fig. 4. The RMSE of the LSTM network using different epochs (Batch size = 128).
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Fig. 5. The RMSE of the LSTM network using different batch sizes (Epochs = 700).
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Fig. 6. Predicted Hallabong tangor fruit price for two months (February 1-March 31, 2021, Batch size = 128 and Epochs =
700).

LSTM YIES]T A Beizk A7tS vleko 2 0gh 5ok 2021W 2.9 - 39) A1) 74 53k8 o &4 BtthFig. 6). 27
A Egtelli= ote] ekt QAR AAAH 0 2 Aok ke Bt ASaEthis A5t 714 WskEo] ik A%
Wl =Sgke] Zehet 24 izt BAH= 742} 7,260 97 90 0] 9.0 H, Bt Azt HAk=2,060 0] it. Bt A5
ZF= 104001810}, A& ok= AlTte] A5 o5 A5 o] Aok 74 BRItk Jl=t(Lee et al., 2020), 1 Aol A=
*é% | FHA0k= A2 Holz] Ok 60 o] Foll= 65 A5 o] Aad A o2 wsioih

RO 1) FF2 7S EEAA B A Q] B ok g, SR Y] 3 F HE2 7S A
HV}Oﬂ | B ok o]t AR ) a0t Fao] Bt AR BEA 43S n| Xt B9, s4HE 71

A &otA, At ukg, 4289 A A7) 5 AA ok ol =] Hrk. wEhi, 7H Safolu 25 F 3k Sohe i
gl 7[Rt 2 Wt of oA | S3 0t QIrtH, A4S g Q19 AR A o) AR E = glom, FtAS
ﬁiﬂlﬂ&ﬂlﬂl FeetdEE €84 = G HE o] g5to] FAME Aol S 71

=
= 8dse sl 3EEE e
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=

TAEY 7 S AP g 28 7ol SRS 71K 2 970 FAL A= 97l Er Aol A - E AL Gl o
2heo] Bat7H e Heltd 719 LSTM HIEY S o851 ohehe 7HAS dll&Estaiat SHiet. 9709] TrjAl oA A2
H3 Qe ko] 3kg Tl B HAS v O E 2007ARE 20219 19717] 2,398719] A HloJElE ARSIt
Training B °E= 74 0181 ©] 80%, test Flo|Bl= 4] H|o]8] 2] 20%E AF&5lo] -3 ol AIZth LSTM HEYZE
Sloll Hot o A2let 7HA-E all&517] flol A= epoch 2t batch sizeE 2750 S1+=Tl, epoch= 700} batch size 1287} 2%}
g dlojet wekslgih. o] gk& LSTM HIEQIAE #8171 23, Bl §hebao] Bt 7S Aol A5 4= AU
(RMSE = 1040). 92113 7|9 §Hebg 714 o5 Rl s4kw 71 St AR A 3 2 282k Q7oA 783
Heg &84 5 gl Aotk

2712201 Yely, 37, 2B, ) 924
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