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GO gle what is "smart agriculture"?
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Smart farming is a management concept focused on
providing the agricultural industry with the infrastructure to
leverage advanced technology — including big data, the
cloud and the internet of things (loT) — for tracking,
monitoring, automating and analyzing operations.

https:/f'www techtarget.com » iotagenda » smart-farming

What is smart farming? Definition from Whatls.com - TechTarget
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https://smartertechnologies.com/the-complete-guide-to-

smart-farming-agriculture/ FRDIEEZEEZEEHF M —1H1
EEZ& 1000+ people per acre?

Timeline of agricultural revolutions

Since humans have been cultivating food and rearing livestock, technological innovations have been improving

agricultural outputs.

Grean Revolution . . .
] Precision Agriculture

armers need to feed 265 people per acre

Increase in Mechanisation =N

Farmers could feed 25 people per acre PEo

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
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https://smartertechnologies.com/the-complete-guide-to-smart-farming-agriculture/

WHAT IS SMART AGRICULTURE AND SMART FARMING?

Also known as Farming 4.0 or digital farming, smart farming is the application of information and data
technologies to optimise complex farming systems. It involves individual machines and all farm operations.

HOW aoes a|g|!a| |arm|ng wor”

Smart farming incorporates information and communication technologies into machinery, equipment and sensors
used in agricultural production systems. Technologies such as the IoT and cloud computing are advancing this
development even further by introducing more robots and artificial intelligence into farming.

For example, farmers can use smartphones and tablets to access real-time data about the condition of almost
anything involved in their day-to-day operations:

gecision angd
Smart agricultural practices allow for the generation of a large volume of data and information. Farmers can use
- this information to make data-based decisions and take action for improved productivity and profitability.
2022/7/25
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Temperature
@ INSI LA radiation
IBWA 21.88 1EE BB —99 Co,
@DATE SRAD THMAX TMIN RAIN
B3326 15.5 2B.@ 1B.9 B.@
B3327 15.5 30.8 17.8@ B.a
B3328 15.5 31.8 17.5 B.a
B3328 15.5 3@.8 17.5 a.a
B333@ 15.5 30.8 16.@ B.a
B3331 15.5 30.8 1B.5 B.a
B3332 13.4 30.8 1B.0 B.o
B3333 13.4 30.8 17.@ a.a
B3334 13.4 30.8 17.8 B.a
B3335 14.4 31.8 1EB.8 B.a
F.B3336 14.4 31.5 17.5 B.a
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. - | Anthesis day{dap} 51

*2?%368001 OO%Y SandyLoamLATZGO LOT%EMSESLIS:M . First pod day (dap) 71
amily -

299 v 25.286 121.539  HC GENOOI2 First seed day (dap) 82
TR AT gty i )
S SOMH SULL SHL SSAT SRGF SSKS SEDM SLOC SLCL SLSI SLCF SINT SLHW SLHB SCEC Yield at harvest maturity (kg [dml/ha) 2368

0.126 0.264 0.453 1.00 2.15 1.15 5.50 15.00 26.00 -99.0 0.12 6.90 -99.0 12.0 -99. O; Pod/Ear/Panicle weight at maturity (kg [dm]/ha) 3604

B 0012900265 00435 0°83 173 117 4070 1700 24.00 19970 009 690 199°0 10°0 990, -
30 AB 0113 0.270 0.463 0.70 1.38 1.20 3.60 19.00 23.00 -99.0 0.07 7.00 -99.0 10.0 -99.0 Number at maturity (no/m2) 1860
60 BA  0.110 0.297 0.479 0.50 1.12 1.25 2.30 21.00 22.00 -99.0 0.06 7.20 -99.0 11.0 -99.0 % k Unit wt at maturity (g [dm]/unit) 0.127
100 B 0.189 0.359 0.479 0.00 1.03 1.32 1.30 22.00 22.00 -99.0 0.00 7.30 -99.0 11.0 -99.0 =7 > N uptake ymber at maturity (no/unit) 2.05
200 BC___0.185 0.357 0.480 0.00 1.31_1.37 0.80 20.00 22.00 -99.0 0.00_7.50 -99.0 110 -99.07d N B > Water upt Tops weight at maturity (kg [dm]/ha) 117
Dramage By-product produced (stalk) at maturity (kg[dm]/ha) 2144
N leaching Leaf area index, maximum 5.57
Harvest index at maturity 0.387
Threshing % at maturity 65.7

I e e — Trends in Plant Science
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Categorical Y

Numerical Y

2022/7/25

© 0

1: chi-squared test (O_EE)2
2: Binomial test

3: Fisher’s exact test

4: McNemar test

T EYERE
£ (Kg) | 10 | 18 | 32

5: one-sample z test 10: % = 4 17 (ANOVA)

6: one-sample t test 11: g3k v 1 2 #i2
7: two-sample z test

8: two-sample t-test

9: Welgh twissariple Btest®iz(—)
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=53\ I: / '\ — FWT Penning de Vries, DM Jansen, HFM ten Berge, A Bakema (1989)
g / \
~

/]

biomass
(t ha=1)
16 h
BM= 12.0
1.04 23.0 % e —~0.08%T
f "/"—-——
8-

July Aug Sept

Figure 2. The course of the dry weight of a maize crop in the Netherlands in 1972.
Crosses represent observations, the line the regression equation BM = 2.0/ (1.0 +
23.0- e "®:T) where BM is the biomass in t ha', 12.0is the maximum value of BM. T
is the time in days since emergence and 1.0, 23.0 and 0.08 are constants.

RABHIE R 247

/ Simulation of ecophysiological processes of growth in several annual crops.

blomass
(t ha=1) o
/
20 - '/'
16 -
12
8r ’ x 1971
i~ * 1972
A 1973
4| o 1976
o 1978-1982
L L ] x
o Aug Sept Oct

Figure 3. The dry weight of maize crops under optimal conditions in different years in
the Netherlands. (Source: Sibma, 1987).
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Statistics — Al; Machine Learning — Al

https://www.digitimes.com.tw/iot/article.asp?cat=158&id=0000555478 DXP5ALNO6DR1WQ9YBVP9E
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¥4 F (2018) - B EE VT o R 34:1-32
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https://www.digitimes.com.tw/iot/article.asp?cat=158&id=0000555478_DXP5ALNO6DR1WO9YBVP9E

Artificial Intelligence

Machine Learning (k-means, GLM, CART, DBSCAN, ...)

Deep Learning (MLP, CNN, RNN, ...)

Fully Connect Feedforward
Network

Input Layer1  Layer2

Layer L  Output
/ ,/" ‘ TN
5 N

1950: Turing Test

Output
Layer Layer

https://panx.asia/archives/53209

Deen means many hidden layers

2022/7/25 I=E3



Machine Learning

Unsupervised Feature extraction Machine learning Classification
e algorithm

Training set

Annotated data

https://www.pantechsolutions.net/blog/machi

ne-learning-projects-and-ideas/
2022/7/25 EEFNUBZZRIRE(=)



https://www.pantechsolutions.net/blog/machine-learning-projects-and-ideas/
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Drone Image Data
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Rice (2019 Dec) Rice (2020 March
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10

11

12
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Time Weight

202111/25 5.6
2021111/25 114
2021111/25 15.3
2021111/25 8.3
2021111/25 9.1
2021111/25 14.1
2021111/25 4%
2021111/25 4.3
2021111/25 g4
202111/25 8.1
2021111726 04
2021111726 13.3
2021711726 50
2021711726 15.8
2021/11/26 13.0
2021711726 13.7
BNy 2 /7158

ZERE o TE RIS

AirTemp1
22130
22,130
22,130
22,130
22,130
22,150
22,150
22,150
22,150
22.150
21.780
21.780
21.780
21.780
21.780
21.780
21.780

AirTemp2
20.212
20.212
20.212
20.212
20.212
20.212
20.212
20.212
20.212
20.212
22.150
22.150
22.150
22.150
22.150
22.150

22150

AirTemp3
22,650
22,650
22,650
22,650
22,650
22.650
22.650
22.650
22.650
22650
20.212
20.212
20.212
20.212
20212
20212

20.212

AirTemp4
25.670
25.670
25.670
25.670
25.670
25.670
25.670
25.670
25.670
25.670
22650
22650
22650
22650
22650
22650

22.650

PRULET k FORE (k=1, ..., 7)

AirTemp5
24804
24804
24804
24804
24804
24904
24904
24904
24904
248904
25.670
25.670
25.670
25.670
25.670
25.670

AirTempét
25.048
25.048
25.048
25.048
25.048
25.048
25.048
25.048
25.048
25.048
248904
248904
248904
248904
248904
248904

AirTemp7
24710
24710
24710
24710
24710
24710
24710
24710
24710
24710
25.048
25.048
25.048
25.048
25.048
25.048

267 2 gy (1AM 2,712 =)

PRUAT kK KRHSE (k=1, .., 7)

WA k RBRE (k=1, ..., 7)

AirHum 1
98.136
98.136
98.136
98.136
98.136
98.136
98.136
98.136
98.136
98.136
99.758
99.758
99.758
99.758
99.758
99.758
99.758

AirHum2

99,110
99.110
99.110
99.110
99.110
99.110
99.110
99.110
99.110
99.110
98.136
98.136
98.136
98.136
98.136
98.136
98.136

AirHum3
98.542
98.542
98.542
98.542
98.542
98.542
98.542
98.542
98.542
98.542
95.110
95.110
95.110
95.110
95.110
95.110
95.110

AirHum4
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.542
98.542
98.542
98.542
98.542
98.542
98.542

AirHum5
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.306
98.306
98.306
98.306
98.306
98.306
98.306

AirHumo
98.568
98.568
98.568
98.568
98.568
98.568
98.568
98.568
98.568
98.8638
98.856
98.856
98.856
98.856
98.856
98.856

98.856

AirHum7
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.8638
98.8638
98.8638
98.8638
98.568
98.568
98.568
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DBSCAN: Density-Based Spatial Clustering of
Application with Noise

False color image g (B 2 () Grouping by DBSCAN
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Feature of matrix GLCM
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Mean, variance, feature

autocorrelation ...
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10
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Time Weight

202111/25 5.6
2021111/25 114
2021111/25 15.3
2021111/25 8.3
2021111/25 9.1
2021111/25 14.1
2021111/25 4%
2021111/25 4.3
2021111/25 g4
202111/25 8.1
2021111726 04
2021111726 13.3
2021711726 50
2021711726 15.8
2021/11/26 13.0
2021711726 13.7
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ZERE o TE RIS

AirTemp1
22130
22,130
22,130
22,130
22,130
22,150
22,150
22,150
22,150
22.150
21.780
21.780
21.780
21.780
21.780
21.780
21.780

AirTemp2
20.212
20.212
20.212
20.212
20.212
20.212
20.212
20.212
20.212
20.212
22.150
22.150
22.150
22.150
22.150
22.150

22150

AirTemp3
22,650
22,650
22,650
22,650
22,650
22.650
22.650
22.650
22.650
22650
20.212
20.212
20.212
20.212
20212
20212

20.212

AirTemp4
25.670
25.670
25.670
25.670
25.670
25.670
25.670
25.670
25.670
25.670
22650
22650
22650
22650
22650
22650

22.650

PRULET k FORE (k=1, ..., 7)

AirTemp5
24804
24804
24804
24804
24804
24904
24904
24904
24904
248904
25.670
25.670
25.670
25.670
25.670
25.670

AirTempét
25.048
25.048
25.048
25.048
25.048
25.048
25.048
25.048
25.048
25.048
248904
248904
248904
248904
248904
248904

AirTemp7
24710
24710
24710
24710
24710
24710
24710
24710
24710
24710
25.048
25.048
25.048
25.048
25.048
25.048
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PRUAT kK KRHSE (k=1, .., 7)

WA k RBRE (k=1, ..., 7)

AirHum 1
98.136
98.136
98.136
98.136
98.136
98.136
98.136
98.136
98.136
98.136
99.758
99.758
99.758
99.758
99.758
99.758
99.758

AirHum2

99,110
99.110
99.110
99.110
99.110
99.110
99.110
99.110
99.110
99.110
98.136
98.136
98.136
98.136
98.136
98.136
98.136

AirHum3
98.542
98.542
98.542
98.542
98.542
98.542
98.542
98.542
98.542
98.542
95.110
95.110
95.110
95.110
95.110
95.110
95.110

AirHum4
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.306
98.542
98.542
98.542
98.542
98.542
98.542
98.542

AirHum5
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.856
98.306
98.306
98.306
98.306
98.306
98.306
98.306

AirHumo
98.568
98.568
98.568
98.568
98.568
98.568
98.568
98.568
98.568
98.8638
98.856
98.856
98.856
98.856
98.856
98.856

98.856

AirHum7
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.516
98.8638
98.8638
98.8638
98.8638
98.568
98.568
98.568
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Irrac
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Coefficients:

(Intercept) 354.
. 37090
.23799
. 30636
.42639
.25631
. 05308
.23025
. 35468
. 08650
. 73495
.33373
.87958
07772
. 38723
11774
.15368
.07826
.19199
. 24461
.01046
.27508

AirTempl
AirTemp2
AirTemp3
AirTempd
AirTemp5s
AirTempt
AirTemp7?
AirHuml
AirHum2
AirHum3
AirHumd
AirHums
AirHumé
AirHum?

Irradiancel
Irradiance2
Irradiance3
Irradianced
Irradiances
Irradianceé
Irradiance?

2022/7/25

Estimate std.

37825

375.
. 37467
.31114
. 62679
. 80824
. 06760
.10163
. 34830
. 69598
. 80165
.19370
.42752
. 91146
. 01347
. 79002
. 06390
. 07014
. 07986
.10564
.10822
.15624
. 21166

oOoooocoookHHFOHEHEEREREMNMERMER

TN

Error T value Pr(=|t|)

73955

.943
. 997
. 707
.497
. 376
. 240
. 501
. 795
.140
. 603
. 616
. 934
.062
077
.445
.843
.191
. 980
. 817
. 260
. 067
. 300

. 3468

. 3199

. 0894 .
. 6195
.1166

. 8105

. 6169
L4278

. 2556

. 2472

. 5388

. 3513
L0405 *
. 9390
.1499

. 0669 .
. 0296 *
. 3283

. 0707 .
L0249 %
. 9467
.1953
REERBNEZZRIRE=

DDODODDDDDODDDOODDDDDD

)

RZ

= 0.2986
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yes |— Irradiance? < 70 “-
7.1
20%
S—e_____
AirTemp6 < 21 AirTemp7 >= 22
10
58%
AirHum2 < 100
04
48%
AirTemp3 <19
9.8
43%
Irradiance3 >= 79
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TIITE A WFELC $% Weight = 2.478340 + 0.437187 RelativeVol; R2 = 0.7229”
—| Weight = 0.537002 RelativeVol; R? = 0.9252 7

gt R E R |

40

#oiE (Volume) = (2 x 2fR2) x K&
= (2 x (H[E/2)?) x BE
RelativeVol = & &2 x £[&

dAlI$WeightG
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Suggestions:

a2 8 - KRB TEERGRBIE

* An appropriate experimental design is essential to obtain information-rich data
that can convey scientific insights. (Get GOOD data!)

* No matter the sample size, you MUST to know your data by proper visualization
before analyses. (Data intelligence (DI) instead of Al!)

* A deep learning algorithm is not necessarily better than a simple machine
learning algorithm / statistical modeling method. (Do not overfitting!!)

* Language? Pick one and master it!
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