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Abstract

Smart agriculture optimizes labor and resources and increases production efficiency through data-driven decision-making. The
field of predicting production based on data collected in real time is an important technology for productivity improvement and
automation. In this paper, a deep learning model for forecasting production is used using environmental and growth information of
paprika and cucumber among facility horticulture smart farms. By applying MLP(Multi Layer Perceptron), RNN(Recurrent Neural
Networks), LSTM(Long Short-Term Memory models), GRU(Gated Recurrent Unit), TCN(Temporal Convolution Network),
Transformer, etc., which are mainly used for time-series forecasting, the size of the look-back window and the forecasted data size
Various adjustments were made to analyze the results of forecasting performance according to the model. The data of the
smartfarm datamart was used, and the relationship between the size of the look-back window and the size of the forecasted to be
predicted was investigated for each model.
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Table 1. Environmental information and growth information of Paprika

Information Type of information
Internal CO2(ppm), Dewpoint Temperature, Supply EC(dS/m), Soil EC(dS/m), Drainage EC(dS/m), External Humidity(%),
environmental Internal Humidity(%), Ground Humidity(%), Amount of Light(umol/m-2-s), Amount of Solar Radiation(W/m-2-s) (Internal),
information Internal llluminance(lux), Supply PH(ph), Soil PH(ph), Drainage PH, External Rain(mm), Rain Detection, Total Supply
Liquid( ), Total Drainage(#), Amount of Solar Radiation(W/m-2-s) (Exnternal), External Temperature, Internal
Temperature, Soil Temperature, External Direction of Wind, External Speed of Wind(m/s)
growth Growth Length(cm), Number of Leaves, Leaf Length(cm), Leaf Width(cm), Stem Thickness(mm), Flower Top Height(cm),
information Flower Position Node, Fruits Node, Fruits Number, Fruit Number, Final Flower Top Number
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Table 2. Environmental information and growth information of Cucumber

Information Type of information
Internal CO2(ppm), Dewpoint Temperature, Supply EC(dS/m), Soil EC(dS/m), Drainage EC(dS/m), External Humidity(%),
environmental Internal Humidity(%), Ground Humidity(%), Supply PH(ph), Soil PH(ph), Drainage PH, External Rainfall(mm), Rain
information Detection, Total Supply Liquid(#), Total Drainage(¢), Amount of Solar Radiation(W/m-2-s), External Temperature,
Internal Temperature, Soil Temperature, External Direction of Wind, External Speed of Wind(m/s)
growth Flower Length(cm), Node Number, Leaf Length(cm), Leaf Width(cm), Number of Leaves, Stem Diametral(mm), Female
information Flower Number, Fruit Number, Final Flower Top Number
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Fig. 1. Look-back window Size and Forecasting Size for Time Series
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Table 3. Size of the entire dataset when look-back size and forecasting
data size are different

Look-back Forecasting Size
Window size 1 2 3 4
10 585 541 497 453
Paprika
12 497 453 409 365
10 225 207 189 171
Cucumber
12 189 171 153 135
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Fig. 2. Block diagram of forecasting model
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Table 4. Size of feature vector according to correlation value

Correlation value 0.0 0.3 0.4
Paprika Size of feature vector 13 4 3
Correlation value 0.0 0.3 0.45
Cucumber
Size of feature vector 17 9 6
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Table 5. Performance comparison based on scaler preprocessing

Look Correlation value
back Scaler Metric
size 0.0 03 | 0.4/0.45
. MSE 6.46 6.15 5.83
minmax
10 MAE 4.98 476 4.56
MSE 5.39 4.65 4.65
- Standard
g MAE 4.15 3.65 3.65
z _ MSE | 6.66 5.95 5.95
minmax
12 MAE 517 476 4.76
MSE 5.85 5.03 4.92
Standard
MAE 4.46 3.88 3.85
, MSE | 15.76 15.76 133
minmax
10 MAE 14.17 13.34 10.98
MSE 13.3 12.97 8.83
o Standard
g MAE 10.98 10.98 7.22
% . MSE 19.17 18.71 14.67
@ minmax
12 MAE 15.81 15.81 12.57
MSE 14.67 14.67 9.21
Standard
MAE 12.57 12.57 7.42
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Fig. 4. Time series data with correlation values and scalers applied
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Table 6. The best-performing model and MSE value according to the look-back size and correlation value

look ) Forecasting size
sk | Oogaetr ! 2 :
size Model MSE Model MSE Model MSE Model MSE
0.0 gru 5.39 gru 6.39 gru+att 7.36 gru+att 8.05
- 10 0.3 gru 4.65 grutatt 5.54 gru 6.51 gru+att 7.04
o 0.4 grutatt 4.81 gru 5.66 gru+att 6.28 gru+att 713
% 0.0 gru+att 5.85 gru 7.18 gru-+att 7.57 gru-+att 8.46
12 0.3 gru 5.03 gru+att 5.68 gru+att 6.61 gru+att 7.16
0.4 gru 4.92 gru+att 5.84 gru+att 6.42 gru-+att 7.39
0.0 gru+att 20.58 gru+att 26.28 gru+att 28.42 Istm 34.96
@) 10 0.3 gru 12.97 gru+att 16.85 gru+att 20.59 gru+att 24.07
§ 0.45 grutatt 8.83 gru 10.68 gru+att 12.44 gru+att 15.77
g. 0.0 gru 23.33 gru 26.05 gru-+att 33.14 gru 32.69
g 12 0.3 grutatt 15.72 gru+att 17.83 gru+att 22.78 gru 24.38
0.45 gru 9.21 gru+att 13.30 gru+att 13.74 gru-+att 19.68
look-back size 10 look-back size 12
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Fig. 6. Ground True and forecasting values when the best-performing model is applied when
the forecasting size is 1
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