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Development of Optimal Tillage System
Based on Soil Physical Properties
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SUMMARY

I. The Title of Research

Development of Optimal Tillage System Based on Soil Physical Properties

II. The Objective and Necessity of Research Development

1. The objective of research development

This study was performed to develop an optimal tillage system based on
soil physical properties as one of necessary researches for environment—
friendly system agriculture. The specific objectives of the study were to
measure and analyse soil physical properties in fields for effective tillage
operation, to construct a database for systematic storage and use of the
measured data, and to develop a decision making system prescribing an

optimal tillage system based on the soil properties.

2. The necessity of research development

System agriculture, becoming a standard farming method in agricultural
production area at present, is an emerging concept as a solution to overcome
the directly opposed problem between the improvement of production and the
protection of environment for sustainable agriculture. Under the concept of

system agriculture soil properties, plant growth and yield, etc are monitored



by high technology and scientific methodology. Based on the monitored
information, then, the system agriculture optimizes the input of energy and
agricultural resources, increases the amount and quality of agricultural
production, and eventually reduces the bad impact on the environment.

The concept could be applied to the whole area of agricultural production
including post-harvesting process. Tillage operation preparing a proper
condition for plant root growing is more important as a starting point of
agricultural production in system agriculture. In addition, the degree of tillage
should be optimized to reduce the loss of soil and to conserve organic matters
in fields. However, the conventional tillage operation was performed only by
farmers’ experience.

There have been no researches that select the method and degree of tillage
operation based on comprehensive and objective basis of farming. Therefore,
the study for optimizing tillage operation is highly necessary as a basis for

developing system agriculture.

IM. The Content and Scope of Research Development

o Analysis of major physical factors affecting on tillage operation

o Survey of conventional tillage systems based on soil physical properties

0 Measurement and analysis of various physical properties of rice root
growing layer

0 Measurement and analysis of physical properties of hardpan in selected
rice fields

0 Measurement and analysis of variation of soil physical properties with
various tillage methods

o0 Determination and optimization of an interpolation method on soil phys-—



o

o

ical property map
Design of data storage model and construction of DB for soil properties
Development and verification of a decision making system determining

an optimal tillage operation system based on soil physical properties

IV. The Results of Research Development and Proposition to their Application

1. The results of research development

o

Major physical factors affecting on tillage operation were analyzed to be
cohesion, internal resistance angle, soil-metal friction, soil-metal
adhesion, specific gravity and moisture content of soil.

About 67 farmers(96% out of 70 surveyed farms) performed janggi
operation, and the conventional tillage system was consisted of 1 janggi,
and 1-2 rotary and 1 balancing operation.

The measurement of physical properties of soil in rice root growing
layer showed that cohesion was 5~15 kPa, internal resistance angle 3
0~60° soil-metal friction coefficient 0.3~0.8, soil-metal adhesion 0.6~3.0
kPa, moisture content of soil mainly 20~40%, bulk density 1500~1700
kg, m’.

The analysis of physical properties of hardpan in selected rice fields
showed that the type of hardpan could be classified into 6 categories.
The thickness of hardpan was 6cm~4lcm, and the average soil
hardness was analyzed to be 1MPa~3.2MPa.

Various tillage methods improved the CI by 5-9 kgf/cm2 in comparison
with that before tillage, internal resistance angle of soil from 35-39° by
7-8(about 25%) and cohesion by 1N/cm®, respectively.

Three interpolation methods of IDW, Kriging, TIN were tested to select



a proper interpolation tool for the decision making system developed in
the study. As a result of the analysis, TIN was implemented in the
system because of its excellent interpolation ability.

o The database on soil physical properties was constructed according to a
refined E-R model for relational database. The major attributes of the
DB were the owner and number of field, the sampling
location(eventually from GPS), the internal resistance angle, cone index,
shear stress and moisture content of soil, and hardpan thickness,

o The decision making system developed in the study was established on
the theory of analytic hierarchy process(AHP), implemented by using a
composite neural network with heuristic genetic algorithm. The system
determines an optimal tillage system based on soil physical properties
using soil hardness and minimum tillage cost objective function.

o The DB on soil physical properties and the decision making system
were installed on data analyzing computer platform and a windows
program called 'Optill’ was developed to link the two units together.
"Optill” has 5 function modules of data input, data interpolation, decision
making, data output and user connection module, eventually to generate
an optimal tillage system based on soil physical properties.

0 The decision making system developed in the study was designed to
have a capability of treating the query about an optimal tillage system
through the internet. In addition, the system could be applied to precision

farming technology requiring the consecutive realtime data processing.

2. The proposition to application of research development
o The proposition to application of an optimal tillage system based on soil
physical properties to actual farms

o0 Presentation of the results of the study on international conferences and



application for a patent

o The proposition to policy making for realizing environment—friendly
system agriculture to prevent loss of soil and to protect fertility by
performing a necessary amount of tillage from a standpoint of tillage
operation.

o Suggestion of the direction that related future researches are going

toward as an effective systematic study for tillage operation

,10,
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Table 1. Details of surveyed farms

No. of city |No. of total
Province No. of sample for each city/county
/county sample

Kyonggi 5 25 Hwasong 5, Pyongtaek 5, Ansong 5,

Ggangwha 5, Kimpo 5

Kangwon 1 5 Cholwon b5

Chungbuk 2 10 Chinchon 5, Chungju 5

Chungnam 1 5 Seosan b5,

Chonbuk 1 5 Iksan 5

Kyongbuk 2 10 Andong 5, Sangju 5

Kyongnam 2 10 Miryang 5, Kimhae 5
Total 14 70

Table 2. Age, farming year and farm size distribution of surveyed farmers

Age Ratio | Farming year | Ratio Farzn size Ratio

(%) (yr) (%) (x 10" pyung) (%)

More than 60 24 More than 40 4 More than 5 13
50< Age<60 32 30<Fy<40 31 4<Fs<b 6
40< Age<h0 28 20<Fy<30 36 3<Fs<4 12
30<Age<40 13 10<Fy<20 25 2<Fs<3 35
20<Age<30 3 Less than 10 4 1<Fs<2 27
Les than 20 0 0.5<Fs<1 7

Less than 0.5

,31,
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Table 3. Soil physical properties which affect the soil-tillage tool performance

Moisture | Bulk | Cohesion | Internal | _ . Soil-metal Composition
. L Soil-metal .
Region Content | Density frictional frictional adhesion Texture
(wet) angle Sand | Silt | Clay
€0 |t | aPa) | @) | T | | o | 0o | co
1-1 26.5 1574.3| 6.10 52.853 0.453 2. 544
1-2 29. 4 1567.3 | 12.40 | 45.847 0.313 4.233
Gangwha | 1-3 33.2 1676. 4 11.70 40.365 0.290 3.811 5.2 73.3 | 21.5 SiL
1-4 31.9 1578.5| 6.20 48.991 0.330 3. 344
1-5 37.3 1622.8 9.00 46.668 0.397 3.289
1-1 35. 4 1677.1| 13.650 | 50.889 0. 470 2. 544
1-2 32. 4 1633. 4| 13.800 | 45.285 0.502 2.356
Kimpo 1-3 32.9 1603.3 | 10.900 | 49.720 0. 468 3. 411 15.2 | 57.6 | 27.2 SiCL
1-4 33/4 1598. 4| 7.900 | 49.720 0.492 2.889
1-5 29.5 1578.2| 12.150 | 49.720 0.478 2.378
1-1 31. 4 1678.3 11.667 56.310 0.525 1.911
1-2 32.2 1665.8 10. 583 60.255 0.554 2.268
Pyongtack 53.4 | 31.6 | 15.0 SL
1-3 34.3 11678. 4 9.917 57.171 0.529 1.929
1-4 28.9 1598.2 9.917 58.782 0.539 2.625
1-1 25.7 1703.3 12.800 50. 428 0.504 1.518
1-2 25.8 1698. 4 16.800 40.696 0.475 2.518
Hwasung 13.3 69.3 17 4 SiL
1-3 28. 4 1704.9 15.200 47.466 0.554 2.768
1-4 29.3 1688.3 15.300 45.285 0.482 1.911
1-1 34.5 1578.9 4.583 60.255 0.51+ 0.917
1-2 33.8 1567.2 6.700 54.268 0.676 0.417
Kimhae 1-3 29. 4 1554.5 8.883 59.534 0.604 1.750 9.7 72.8 17.5 SiL
1-4 26.8 1578.9 7.250 65.056 0.646 1.375
1-5 32.9 1598. 1 4.667 62. 241 0.612 1.167
1-1 36.2 1445.2 2.083 60.255 0.340 2.367
1-2 38.9 1455.5 3.250 67.797 0.558 -1.060
Milyang 1-3 46.6 1508.9 2.700 50.659 0.533 1.778 7.1 67.9 25.0 SiL
1-4 29.9 1423.6 5.583 55.408 0.545 0.767
1-5 40. 1 1398.5 1.083 60.255 0.597 0.789
1-1 24. 4 1567.2 11.917 63.997 0.408 2.292
1-2 28.2 1543.5 12.917 48.991 0.536 3.250
Sangju 1-3 21.3 1571.2 12. 667 60.945 0.583 2.042 27.1 55.7 17.1 SiL
1-4 30. 4 1512, 9 - - 0.574 3.750
1-5 33.5 1523.3 - - 0.463 3.208
1-1 39.8 1639.3 12.450 48. 743 0.543 2.381
Iksan 1-2 38.7 1623.3 11.050 49.236 0.491 2.690 13.3 65.9 20.8 SiL
1-3 42.3 1611,9 11.600 50.659 0.491 2.524
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Table 4. Soil hardness measured as cone-index
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Table 5. Hardpan characteristics of selected fields

PR
It Composition(%) Hardpan | Hardpan Aver.age Internal
em h . Hardpa |cone index . .
starting ending . Cohesion| friction
. Texture . . n width of
Reei Sand | Silt | Clay point point (em) | hardpan (kPa) angle
egion
) | (em) P (deg)
seocheon
_seocheon 46.8 | 35 |182| CL 16 34 19 1.75 19.17 32.14
booyeo .
-joongjung 29.9 |52.9(17.2| SiCL 10 27 18 2.37 11.67 34.65
kimjae .
-jinblmg 16.3 |68.7| 15 | SiCL 4 24 21 1.51 8.33 34.65
€0j00
-he)ll,méchun 48.2 |40.6|11.2| SL 18 48 31 2.98 15.83 23.74
oungtaek .
py_seogn 26 |54.2|19.8| SiCL 14 30 17 1.28 5.00 26.69
PY"i‘;;‘gfjek' 18.1 |58.1|23.8| SiCL 19 51 33 125 5.83 | 26.69
oungtaek
p{'an].()%tng 13.6 |56.8(29.6| CL 18 29 12 2.23 6.67 39.24
ajoo
-jgk]sung 154 |50.8|33.8 C 23 56 34 1.68 2.50 43.30
chilgok
-dongmyoung | 47.1 [34.5|184| SL 9 16 8 1.48 0.00 45.15
-namwonl
chilgok
-dongmyoung 49 33 | 18 CL 3 31 29 222 3.33 39.24
-namwonl
daekoo-
dansung hwawon 151 |56.9| 28 C 2 31 30 227 33.33 32.14
busan kangseo-
karak dongmoon | 10.9 |63.5|25.6 | SiCL 12 30 19 1.65 21.67 32.14
suamnam
busan kangseo-
karakdong 74 1702224 SiCL 7 28 22 1.63 15.00 29.49
doonchi
of Hol olawl A, B4 ¥ln EGFel uteh Fwre g 542 v
War ek Anke] Al E He) 2emell M F-H 38em7hA] thFsith. Auke] Al
e AEz FAE Judt & 4Re] Bl Fwol o AF wA ¥
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Table 6. Physical properties of tested soil

Int 1 Siti
Moisture | Bulk | Cohesion l?e,ma Soil-metal | Soil-metal Composition
. frictional L. . Tex—
Content | Density frictional adhesion Sand Silt Clay
3 angle ture
(%) (kg/m”) | (kPa) (deg) coeff. (kPa) (%) (%) (%)
eg.
15.0 1490 34 15 0.09 54.4 36.9 89 SL
Table 7. Specification of tested implements (Janggi)
Setting angle Width of
Max. share lift angle wdth o Weight Moldboard
. share
(degree) shear wing (kg) Type
(cm)
(degree) (degree)
51.3 40.9 63.0 23.4 175 5-fork
1400
——e—Foward speed 0.22m/s
1200 —— Foward speed 0.49m/s
—&—Foward speed 0.76m/s
1000 |
—~ 800
=
©
© 600 F
400 w
200
0
0 2 4 6 8 10 12 14 16 18
depth(cm)

Fig. 15 Relationship between draft and tillage depth of Janggi at the
speed of 022, 049 and 076 m/s.
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speed(nvs)

0.2

0.1

Fig. 16 Relationship between draft and tillage speed of Janggi at the

tillage depth of 8, 12 and 16cm.
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T=C + otan b

o] 7|4, 1 : Shear resistance of soil
C : Soil cohesion
tan t : Internal friction coefficient of soil
o : Normal stress on shearing surface

ih : Internal friction angel of soil

n

H[Ql H~E(Vane tester)& ©l-&3dto] =] FHstS 2esin] Add=s

Ly
!l o =

il

AR 5 W Aol #ANE et v 2o (2d 19)

N\

Relation curve of o and T

30

i y = 0.7405x + 3.0206
25 5
R® = 0.9859

Shear resistance (kgf/cm?2)

0 5 10 15 20
Normal pressure (kgf/cm?)

Fig. 19 Relation curve of normal pressure and shear
strength.
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FE Bl AR vl
WimkEZhol gi= ¢=tan ~

Y(m)st 2t

Table 8. Cohesions and internal friction angles for 2 time compaction by

roller before tillage operation

Operation type Cohesion (kgf/cm?) |Internal friction angle (°)
Before tillage 7.048 38.513
Preparation at 10cm 2.079 31.546
Plow only 2.533 29.895
Plow + roraty 1 2.371 31.679
Plow + rotary 2 2.046 31.815
Rotary 1 2.111 40.504
Rotary 2 2.598 38.851

Table 9. Cohesions and internal friction angles for 4 time compaction by

roller before tillage operation

Operation type Cohesion (kgf/cm?) |Internal friction angle (°)
Before tillage 6.464 48.336
Preparation at 10cm 5.424 44532
Plow only 3.475 40.071
Plow + rotaty 1 3.021 36.520
Plow + rotary 2 3.670 35.302
Rotary 1 2.111 40.504
Rotary 2 3.378 33.913
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—_

o

Preparation at  Preparation at Plow only ~ Plow +roraty 1 Plow + rotary 2 Rotary 1 Rotary 2
surface 10cm

Fig. 20 Cohesions for 2 time compaction by roller before tillage

operation.
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surface 10cm

Fig. 21 Internal friction angles for 2 time compaction by roller
before tillage operation.
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Fig. 22 Cohesions for 4 time compaction by roller before tillage

operation.
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Fig. 23 Internal friction angles for 4 time compaction by roller before

tillage operation.
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Cone Index (kPa)
Cone Index (kPa) o 0 500 1000 1500 2000
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Fig. 24 CI profiles for 2 time compaction by roller before tillage operation.
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Fig. 25 CI profiles for 4 time compaction by roller before tillage operation.
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Fig. 27 The measurement of EC values in actual field.
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Fig. 28 The profiles of CI with depth(Yeoju).
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Fig. 29 The profiles of CI with depth(Suwon, field I).
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(Eybbuk-Dong; 1 plow + 1 rotary tillage operation)

25
&
€ [ |
S 20 ¢
2 ¢ ]
[0}
215 .
% ¢ @ Before tillage
o w0 L W After tillage
3 ¢
T
E 5
8 [ |

[ |
0 F L
0 5 10 15 20 25 30
Depth (cm)

Fig. 30 The comparison of Cls with depth betweeen before and
after tillage operations.
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Fig. 31

The variations in the internal resistance angle

and the cohesion for various tillage operations(Yeoju).
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Fig. 32 The variations in the internal resistance angle
and the cohesion for various tillage operations(Chungju).
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Table 10. Soil physical properties of test field (Yeoju)

Row/ Wet soil Dry soil Solid ratio Liquid ratio Air ratio

. . . porosity
o wem) Cen ey e 9
Al 1.67 1.30 0.49 0.37 0.13 50.95
A2 1.73 1.33 0.50 0.40 0.09 49.75
A3 1.64 1.25 0.47 0.39 0.14 52.86
A4 1.88 1.47 0.55 0.42 0.03 44.62
A5 1.64 1.26 0.48 0.38 0.15 52.43
B1 1.73 1.35 0.51 0.38 0.11 49.01
B2 1.65 1.25 0.47 0.40 0.12 52.83
B3 1.66 1.24 0.47 0.42 0.11 53.33
B4 1.74 1.31 0.50 0.43 0.08 50.40
B5 1.72 1.32 0.50 0.40 0.10 50.31
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Table 11. Determination coefficients of prediction model for three

interpolation methods

pH OM Mg

year  size
Kriging | IDW | TIN |Kriging| IDW | TIN |Krgng | IDW | TIN

5x10 | 0407 | 0.345 | 0430 | 0462 | 0.392 | 0.583 | 0415 | 0.399 | 0.465
5x15 | 0.087 | 0.114 | 0.059 | 0.100 | 0.209 | 0.168 | 0.186 | 0.203 | 0.171
5x20 | 0.030 | 0.048 | 0.024 | 0.001 | 0.001 | 0.046 | 0.022 | 0.030 | 0.005
10x10 | 0179 | 0.180 | 0178 | 0.225 | 0.224 | 0.235 | 0.428 | 0460 | 0.493
10x15 | 0.064 | 0.083 | 0.043 | 0.137 | 0.181 | 0.181 | 0.337 | 0.358 | 0.327
10x20 | 0.001 | 0.004 | 0.004 | 0.001 | 0.013 | 0.003 | 0.043 | 0.049 | 0.003
5x10 | 0932 | 0913 | 0935 | 0324 | 0.321 | 0486 | 0.800 | 0.775 | 0.801
5x15 ] 0926 | 0.891 | 0913 | 0132 | 0.168 | 0.254 | 0.838 | 0.815 | 0.853
5x20 | 0.852 | 0.813 | 0.831 | 0.146 | 0.240 | 0.256 | 0.527 | 0.622 | 0.497
10x10 | 0.902 | 0.905 | 0902 | 0.096 | 0.093 | 0.097 | 0918 | 0.920 | 0.917
10x15 | 0.904 | 0.876 | 0.890 | 0.020 | 0.033 | 0.038 | 0.901 | 0.892 | 0.909
10x20 | 0.821 | 0.776 | 0.830 | 0.068 | 0.057 | 0.003 | 0.827 | 0.787 | 0.829
5x10 | 0.724 | 0.717 | 0689 | 0244 | 0.217 | 0.224 | 0.872 | 0.891 | 0.846
5x15 | 0619 | 0593 | 0.630 | 0.104 | 0.055 | 0.164 | 0.880 | 0.840 | 0.849
5x20 | 0.537 | 0.430 | 0423 | 0.044 | 0.100 | 0.084 | 0.854 | 0.853 | 0.823
10x10 | 0434 | 0481 | 0433 | 0173 | 0.170 | 0.168 | 0.823 | 0.833 | 0.824
10x15 | 0519 | 0.557 | 0523 | 0.050 | 0.054 | 0.060 | 0.833 | 0.812 | 0.843
10x20 | 0.231 | 0.316 | 0.205 | 0.031 | 0.046 | 0.050 | 0.779 | 0.754 | 0.807

1999

2000

2001

,’74,



3.00

280

260 [

O DO ~+~0 —Q ® =~ T

240

220 |

® C — 0 <

200 ; ! ! !
2.00 220 240 260 280 3.00

Measured value

Fig. 35 The prediction model based on Kriging method.
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Fig. 36 The prediction model based on TIN method.
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Table 12-1. Owner entity table

No.,

ettt g2 5o, 2fFaE MAE 419 $4(EHFFNo.
tely HeolE= 43I, A4 DBel #44 H

F5 714 "ol 2w 2.

Owner_
No.

Name

Address

Tel_No.

1
2
3

Table 12-2. Field information entity table

Field_No.

_LON | _LAT

PT1 PT1

PT1
_HGT

PT4 PT4

_LON | _LAT

_HGT No

PT4 | Owner

1

2

3

Table 12-3. Sampling point(position information) entity table

Point_No.

Latitude

Longitude

Height

Field_No.

1

2

3
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Table 12-4. Shear stress entity table
P15 P20 P25

Point_No.| P05 P10 P30 P35 P40
1

2
3

Table 12-5. Internal friction angle entity table
P05 P10 P15 P20 P25 P30 P35 P40

Point_No.
1
2
3

Table 12-6. Soil hardness entity table
D20 D25 D30 D35

D40

Point_No.| D05 D10 D15

1
2
3

Table 12-7. Moisture contents entity table

Point_No.| D05 D10 D15 D20 D25 D30 D35 D40
1
2

3

g A2 o8 Ao 2HE &7(H
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L SApAgAzgle] Fxol et ol & 24

7F A &1 E] & (genetic algorithm)
AL F(GA)S AAAA L WA &

ofe] A4et Aol $-83he]
AE Adse AFe @ et FALRIFL WA AAsdnA e

M

it
F

Aol 3t & (solution)S A A A (chromosome) 2 E &3 & AMA o 27 wjd
S 58 479 sl (population) & WHEI o|ES X3 HIEAZIORN U =
& (individual) €2 Zroluzich, o] dug]EHe AEA AL} Lol AZL 39

A3 dAE @ Ade Ak AFee, At AdEs Fdol Fo odE

rlo

ZF(crossover) 9t W o] (mutation)E & d 3] o] &3k},

gae 5 glow wrale S4o] A sl

>

a2}
AdneFS #4 Ths HA

o] FHS ol &x A S Tds dvle AU HAAEA "
uhA AAHE A s A9 H A3t dag]F(ocal optimization)S A& o2

oA HAAA £ BA 23 A- A ok A 2 5 A @k

Generation of p-initial solutions in fixed size;

do {
selection of two parents from intial solutions;
offspring = crossover(parentl, parent2);
mutation(offspring);
repair(mutated offspring);
local optimization(repaired offspring);
replacement(optimized offspring);
} until (stop condition);

output the optimized solution;

Fig. 38 The general structure of genetic algorithm.
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ol ke A= ol A tgd Wmoer AAEY AT Gl = olE

sggdolatn Aot @AAA ALE GEA SETFHE  Error

FHL 7o v el AvHAed, @4 8T QE GEAQ
st5HEMH S Back-propagarion, Adaline and Madaline, Linear discriminant
analysis, Learning vector quantization ARTMap, Sammon’s projection,

Principal component analysis, Associative memory learning, Kohonen's SOM,

RBF learning 5°| $&%3 ow A2 etz W st A57F 2

AFAAFe]l S8 F At Wobs wlg wol @A Y wol HgH:

Bop WA, FHE L BF, A5 74 L A%, 0ag A48 BA, 43
Aol magAel Fol EAele & & vk BE oldF Poko $EH:

o]
AARE AEEd FHES ALstas W2 FAAA Sl F-e] FEe

y = U250 wixi - T)
where, U : Unit step function,
w; . weight,
T : threshold value

AT E 4 oAy 23 AFsE AN 29 o

pu.
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o
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e agsidv mEbd  dEAAdWel dizAer AEYE= Back-

propagation network(BPN)# Hopfield net& 4] 3} %1 th.

1) Back-propagation network(BPN)
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Fig. 39 The structure of decision making system developed in the study.
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TIL_FUNC = {all « JGI10 + al2+ JG20 + al3+JG30 + al4 «RT
+ al5«BAL + al6 « NT} + {bll « JG10 + b12 « JG20
+ b13+ JG30 + bl4d« RT + bl5 e+ BAL + bl6+ NT}
+ {c11 * RT + cl2 +* BAL + ¢c13+« NT}

where JGxO : Janggi operation with the tillage depth of xOcm

RT : Rotary operation
BAL : Balancing by rotary or balancer
NT : No tillage

wehA FElaE fFAadngse] AMAE= {(all, al2, al3, al4, alb, al6),
(b11, bl2, b13, bl4, bl5, bl6), (cll, cl2, cl3)}Z FAFHE AE AP Wy
7b Hh olgig A dAMAE 27l o dene dEel wa, Wo] o
A A P s wAE v FstEAl 7 o] 5o HA gl o A
AZHn B e 2 FEsel

olmf JHZFoNAM A 37 AAFZAA AT FE&

(connection bridge)™= A2 Zeol wel 1 52 09 FEgs 7HxA = =d 7+
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% Apolel AdTelE oA suw sgHt 5 29 39904 GAZA 144
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459 g s 9uist= (bll, bl2, .., bl6)e thelaF, ela 2z7Hdol A 327
d AAZFo tElE gusE (cll, cl2, c13)9 dyaFe 13T W 2 25
AME g2 shue gEvh A s zith(Al ghE k).
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Zolo] mE A&HQ ClI ZEIAAA Zo] 10cm, 20cm, 30cmol A2l e

LOF1 = {(0, 1) : set 1 if RT10 x CI at 10cm e 1MPa}

A

LOF2 = {(0, 1) : set 1 if RT20 x CI at 20cm < i+ 1MPa}
LOF3 = {(0, 1) @ set 1 if RT30 x CI at 30cm < i< 1MPa}
LOF = {(0, 1) : set 1 if (LOF1 + LOF2 + LOF3) = 3 }

where LOF : Comprehensive logical object function,
LOFx : Logical object function at the depth of x0 cm,
RTxx : Ratio of CI improved by the specific tillage
operation at the depth of xx cm

3 : Calibration coefficient for adjusting to a proper CI

dagE HAH AALES 2] s ZAetE FAs] Aol dE el
A HES Zols Axs FHESF zojol wel LOF23 LOF3:= #ES

dE 5 E9 Zo] 20cmet 30cmol A CIgke] ke IMPa Xt} At} =
E3Z9 Zlo]7} 16emetH LOF2¢F LOF30] ojW =g gs Z-e=t stdex 9
n 7} gloh, whebaA 543 LOFe =gkl st &S slolr] s =23 1

f
2 AAsts Aol A= LOF7F 19 =ege 7Y g 4292 4
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A2 % 2918 F2SHE FEolAW 1 AWt 4 99 LAYl T 4

oA mlAl= do] FHIFHAXH Ar]e] =854 LOF= {(0, 1) : set 1 if

CST_TILi = {alli* CST_JG10 + al2i « CST_JG20 + al3i « CST_JG30

+ aldi « CST_RT + albi « CST_BAL + al6i « CST_NT}

+ {blli « CST_JG10 + bl2i « CST_JG20 + bl3i+ CST_JG30
bl4di « CST_RT + bl5i « CST_BAL + bl6i « CST_NT}

+

{c11i « CST_RT + cl12i « CST_BAL + c13i « CST_NT}

+

where i = 1 ... m

CST_TILi : Total cost of ith candidate for an optimal tillage
operation system

CST_JGxO0 : Cost of janggi operation with the tillage depth of
x0Ocm

CST_RT : Cost of rotary operation

CST_BAL : Cost of balancing by rotary or balancer

CST_NT : Cost of no tillage(normally 0 won)

)

.

UEew 24

rlo

EEEERE K R

OTSys = {TIL_FUNCi if CST_TILi < CST_TILj ati = j }

where 1 and j = 1, ..., m
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OTSys : Optimal tillage operation system
TIL_FUNCIi : Ith candidate for an optimal tillage operation

system

o
-

Aol A whek 2ol ARl =@ dHIAA 1494 A4S
Al (all, al2, ..., al6)e] welagat, 149eM 22 2435704 (b1, b12, ..,
b16)e] thel 1, “1efal 244 Al 359 AT (cll, cl2, c13)e] w1
= nd W 7 ageds @A sl velrh dAHe Y. 3k =2 gl
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External

Database
platform Soil physical - spatial/attribute
— HDD property data data collection devices
- Raid
- Ete.. \ Measured
: ! data
-1--..;' |
program| —
<+
- Actuating signal
. Spatial data analysis platform/
P Management system
rogram server ~ Intel Xeon 3.2Ghz dual CPU
- MS SQL - 2,048 MB Ram with expansion
~ MS VS.net ~ Multi 160GB HOD
~ S VISIo - DVD/CD Writer
- Ete.. Variable tillage

applicator

Fig. 40 The schematic diagram of decision making system with DB
developed in the study.
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Physical Properties)®] 2t 929270k 2 088 Jdstct, 22 ] AL
% dojE Visual C++ 6.0 7IWtez 9la, dolHE A%, #e, 71&, A
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Fig. 41 Initial execution page of Optill program developed in the
study.
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Fig. 42 Layout of sub—menu, data input and output in 'Optill" program.
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Fig. 44 Distribution maps of CIs at the every 10cm depth in an 80x20m
test field.
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ARG B =Eld AR o AolA A HE vhkel o] FA Amg el Rt

MBS 7IEem Aol 7123 AEF S Zol9t 10cm, 20cm, 30cmelA 2] CI

Table 13-1. CI improvement for various tillage operations(10cm depth)

Operation Type CI (kpa) | CI Difference |CI Improvement| Re
Before tillage @ 40156 - -

Plow only @2 6611 -335.45 -83.5% @-O
Plow + Rotary 1 3] 5833 - 778 -11.8% ®-®
Plow + Rotary 2 @]  58.33 0.00 0% @D-3

Rotary 1 G 230.11 -171.45 —-42.7% ®-0

Rotary 2 ®] 316.00 85.89 37.3% ®-®

Table 13-2. CI improvement for various tillage operations(20cm depth)

Operation Type CI (kpa) | CI Difference |CI Improvement| Re
Before tillage a 42111 - -

Plow only @] 31211 -109.00 -25.9% ©@-O
Plow + Rotary 1 @] 218.22 - 93.89 -30.1% ®-©
Plow + Rotary 2 @] 296.33 7811 35.8% R

Rotary 1 G 315.89 -105.22 -25.0% ®-O

Rotary 2 6] 38211 66.22 21.0% ®-®
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Table 13-3. CI improvement for various tillage operations(30cm depth)

Operation Type CI (kpa) | CI Difference |CI Improvement| Re
Before tillage @ 1403.22 - -

Plow only @ 1011.61 -391.61 -27.9% @-O
Plow + Rotary 1 @] 1257.50 245.89 24.3% ®-@
Plow + Rotary 2 @] 1044.89 -212.61 -16.9% @D-3

Rotary 1 G} 1000.06 -403.16 -28.7% ®-O

Rotary 2 ®] 1308.00 307.94 30.8% ©-©®
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Table Al-1. Soil physical properties which affect soil-tillage tool performance

Moisture Bull.< Cohesion Ir'lte.rnal Soil-metal Soil*m.etal Composition
Region Content | Density frictional frictional adhesion - : Texture
(wet) angle Sand | Silt | Clay
0 | Ggm) | P | @eg) | T | apa | 00 | 00 | @)

1-1 26.5 1574.3 6.10 52.853 0. 453 2. 544
1-2 29. 4 1567.3 12. 40 45,847 0.313 4.233

Gangwha-1| 1-3| 33.2 1676. 4| 11.70 | 40.365 0.290 3.811 5.2 | 73.3] 21.5 SiL
1-4] 371.9 1578.5| 6.20 48.991 0.330 3. 344
1-5| 37.3 1622.8 9.00 146.668 0.397 3.289
2-1 36.3 1605.6 7.25 54,462 0.485 4467
2-2 38.1 1587.5 5.20 48. 240 0.560 0.967

Gangwha-2| 2-3 32.4 1598.6 6.30 56. 485 0. 407 5.533 3.8 74.5 | 21.9 SiL
2-41 29.4 1604.7 9.15 41.348 0.562 2.822
2-5 27.4 1611.4 6.90 53.061 0.503 1.267
3-1 29.6 1624.5| 8.167 59.534 0.503 1.878
3-2 32.4 1595.4 | 7.583 55.408 0.590 -0.470

Gangwha-3| 3-3 33.9 1586.6 9.700 51.116 0. 467 2.722 4.1 7941 16.5 SiL
3-4 41.3 1623.4 | 8.417 63.997 0. 555 0.622
3-5| 40.2 1588.3 | 7.600 | 55.774 0. 400 2.500
4-1 29.6 1597.3 6.667 67.380 0.582 0.311
4-2 38.3 1634.1 5.750 66.038 0.525 3.056

Gangwha-4| 4-3 32,1 1622.8 6.333 66.501 0.558 -0.170 6.5 77.4 | 16.1 SiL
4-4 36.9 1587.3 | 5.083 66.038 0. 448 1.367
4-5 29.7 1590.3 6.833 65.556 0.523 2.033
5-1| 40.4 1600.4 | 6.950 | 57.002 0.455 7.900
5-2 33.6 1572.1| 10.300 | 43.831 0.403 3.933

Gangwha-5| 5-3| 37.8 1554.8 | 7.167 | 52.431 0.425 3.333 1.4 | 68.4 | 20.2 SiL
5-4 37.8 1576.4 | 7.250 63.997 0.490 2.033
5-5 26,9 1569.3 | 12.500 | 43.531 0. 448 3.033
1-1 35.4 1677.1| 13.650 | 50.889 0.470 2. 544
1-2 32.4 1633. 4| 13.800 | 45.285 0.502 2.356

Kimpo-1 |[1-3] 32.9 1603.3 | 10.900 | 49.720 0. 468 3411 15.2 | 57.6 | 27.2 | SiCL
1-4| 33/4 1598. 4| 7.900 | 49.720 0.492 2.889
1-5 29.5 1578.2 | 12.150 | 49.720 0.478 2.378
2-1 26.6 1606.7 | 10.330 | 50.194 0.492 3.000
2-2 37.3 1644.3 | 13.150 | 39.693 0.497 1.844

Kimpo-2 | 2-3 32.9 1588. 4| 11.300 | 42.302 0. 490 2.033 7.3 75.6 | 17.1 SiL
2-4 35.9 1677.9 | 11.900 | 41.669 0.423 2.367
2-5 30.2 1598. 4| 11.000 | 63.435 0.552 2.300
3-1 30. 4 1567.3 | 8.650 49.720 0. 477 2.411
3-2 33.6 1622.8 6. 400 53.0671 0.535 2.356

Kimpo-3 | 3-3 29.7 1674.3 | 5.450 54.268 0.565 0. 644 23.5 | 68.1 8.4 SiL
3-41 32.1 1559.3 | 12.550 | 47.984 0.527 2.967
35| 32.9 1589.4 | 8.050 | 56.485 0. 545 1.544
4-1 42.4 1602.3 9.050 52. 643 0.480 2.011
4-2 39.4 1567.3 9.200 52.217 0.472 2.289

Kimpo-4 | 4-3 32.4 1588.3 | 5.750 52. 431 0.538 1.622 22.6 | 69.5 7.9 Sil
4-4 33.8 1578.3 | 5.450 55.222 0.582 1.533
4-5 37.2 1590. 3 9.200 48.743 0.510 2.133
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Table Al-2. Soil physical properties which affect soil-tillage tool performance

Moisture| Bulk | Cohesion | Internal . Soil-metal .
Soil-metal Composition
. Content | Density frictional L adhesion
Region (wet) angle frictional Sand | Silt | Clay Texture
€0 | aemy| apw | @eg) | T (Pa) | 0) | %8) | (%)
T1| 37.4 | 71678.3 | 171.667 | 56.310 0.525 7911
prongtacie1 | 2| 32:2_| 16658 | 10.583 | 0255 0.554 2268 | ol s ol sl s
13| 34.3 | 11678.4| 9.917 | 57.171 0.529 7.929
14| 28.9 | 1598.2 | 9.917 | 58.782 0.539 2.625
21| 38.9 | 1690.3 | 10.667 | 56.310 0.571 2.000
22 | 36.8 | 1605.4 | 10.167 | 56.310 0.550 2.393
Pyongtaek 2 1= 35 7613.4 | 17.750 | 60.255 0.575 2w | 262|317 SE
24| 32.8 | r63u.7 | 9.917 | 57.171 0.518 2.304
31| 39.7 | 1593.6 | 11.833 | 57.995 0. 504 2.089
prongtack 3 | 22| 379 | 16039 | 72583 | 58,782 0. 489 EXTIN RS R S
) 33| 35.4 | 1622.6 | 12.750 | 58.782 0. 454 2,411
34| 30.3 | 1645.8 | 11.083 | 57.782 0.507 2.179
41| 38.9 | 1635.5 | 11.917 | 58.782 0.557 7.929
42| 39.5 | 1596.8 | 11.250 | 61.607 0.539 2.268 )
Pyongtack4 1= 00 2 | 15885.5 | 10.767 | 62.2471 0.554 2265 | &7 |86 TSI
44 | 35.7 | 1590.3 | 11.250 | 61.607 0.529 2.714
T 1| 25.7 | 7703.3 | 12.800 | 50.428 0. 504 7.518
12| 25.8 | 1698.4 | 16.800 | 40.696 0.475 2.518 )
Hwasung1 a0 7708 9 | 75.200 | #7.466 0.554 2768 | 33| 973|174 S
14| 29.3 | 7688.3 | 15.300 | 45.285 0.482 7911
21| 30.5 | 1766.3 | 13.600 | 38.309 0. 443 2.393
Hwasung 2 | 22| 338 | 1730 [ 75000 | 57,235 0. 486 EXC I I [ e
23| 4.3 | 1723.5 | 14.700 | 36.129 0.457 2.929
24 | 32.7 | 1699.4 | 11.700 | 38.309 0.411 2.952
3-1| 24.8 | 1576.5 | 14.500 | 52.431 0. 846 2.804
32 | 23.9 | 1568.3 | 10.800 | 52.643 0.779 7.607 )
Hwasung=3 =m0 75773 | 11.580 | 83.471 0.850 1036 | &0 | 70225 S
34 | 22.7 | 1566.4 | 12.900 | 48.493 0.718 2. 446
41| 32.7 | 1585.4 | 14.150 | 47.348 0. 486 3. 743
42 | 34.5 | 1600.3 | 15.100 | 29.249 0. 464 3,464 )
Hwasung™4 = o[ 7645.7 | 13.750 | #5.000 0.461 3859 | 006 | 6|28 S
14| 30.8 | 1598.2 | 12.950 | 49.958 0.529 2.786
T1| 34.5 | 1578.9 | 4.583 | 60.255 0,51+ 0.917
12 | 33.8 | 1567.2 | 6.700 | 54.268 0.676 0.417
Kimhae-1 | 1-3 | 29.4 | 7554.5 | 8.883 | 59.534 0. 604 7.750 | 9.7 | 72.8 | 17.5 | SiL
14| 26.8 | 7578.9 | 7.250 | 65.056 0.646 1.375
15| 32.9 | 1598.1 | 4.667 | 62.241 0.612 1.167
21| 31.9 | 1523.5 | 3.750 | 53.471 0. 504 2.125
22 | 35.5 | 1535.8 | 7.700 | 52.217 0.538 7.958
Kimhae-2 | 2-3 | 29.5 | 1578.9 | 7.350 | 57.505 0.531 2.333 | 5.8 | 63.4 | 30.8 | SiCL
24 | 4.6 | 1532.8 | 7.450 | 46.123 0.483 1.667
25 | 31.9 | 1534.9 | 6.600 | 55.774 0.482 2.375
3-1| 37.8 | 15/2.4 | 6.250 | 66.038 0. 486 3.375
32 | 4.5 | 1523.3 | 10.300 | 56.485 0.532 3.375
Kimhae-3 | 33 | 28.4 | 7500.7 | #.833 | 67.380 0. 442 4,083 | 12.3 | 58.4 | 29.3 | SiCL
34 | 28.7 | 1512.2 | 13.080 | 36.870 0. 458 ¥, 042
35| 4.7 | 1556.3 | 8.083 | 57.171 0.543 3.375
11| 22.9 | 15344 | 8.750 | 60.255 0.571 2.500
42 | 21.7 | 1548.4 | 7.667 | 60.945 0. 646 3.250
Kimhae-4 | 43 | 29.4 | 1556.4 | 16.750 | 48.991 0.518 3.500 | 7.1 | 69.8 | 23.7| SiL
44| 31.8 | 1502.4 | 7.667 | 63.435 0.569 2.917
45| 26.8 | 1509.5 | s.417 | 61.607 0.560 3.083
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Table Al-3. Soil physical properties which affect soil-tillage tool performance

Moisture Bulk Cohesion Internal . Soil-metal Composition
. Content Density frictional Solﬂ*‘metal adhesion
Region frictional Sand Silt Clay Texture
(wet) angle
) (g/m) | (Pa) (deg) coefl pa) | O | GO 00

1q  36.2 1445, 2 2.083 60.255 0.340 2.367
1§ 38.9 1455.5 3.250 67.797 0.558 -1.060

Milyang-1| 18 46.6 1508. 9 2.700 50.659 0.533 1.778 7.1 67.9 25.0 SiL
14 29.9 1423.6 5.583 55.408 0.545 0.767
1 40.1 1398.5 1.083 60.255 0.597 0.789
24 23.8 1389.3 6.350 54.846 0.646 1.500
2P 29.6 1345. 1 7.250 56.310 0.618 2.625

Milyang-2| 2-B  30.3 1459.0 11.350 20.660 0.565 1.167 9.4 70.3 20.3 SiL
2p 28.3 1329.9 5.583 57.171 0. 490 1.292
2pb 32.4 1348. 1 7.917 60.255 0.694 1.917
3L 33.3 1456.2 11.830 56.310 0.523 2.417
3P 41.8 1498. 2 6.667 63.435 0.501 2.292

Milyang-3| 3-8 43.9 1398. 4 6.600 49.235 0.579 1.000 14.8 57. 4 27.8 SiCL
3¢ 28.7 1500. 3 11.650 48. 493 0.511 2.750
3p 33.6 1545. 6 6.100 41.987 0.512 2.542
419 21.9 1569.2 3.700 56.133 0.518 13.000
4P 29.3 1544.8 10. 670 47.726 0.475 2.625

Milyang-4| 4B 33.2 1528.3 10. 170 56.310 0.607 2.750 13.6 67.9 18.5 SiL
44 37.8 1604.9 8.833 54. 462 0.515 3.792
4b  50.4 1612.7 6. 450 54.268 0.476 3.292
54l 40.3 1432. 3 10. 550 52.643 0.513 2. 458
5P 33.4 1376.3 8.150 57.670 0.639 2.625

Milyang-5| 5B  32.3 1412.6 10.750 53 471 0.570 2.333 7.8 58.9 33.3 SiCL
54 30.9 1445.2 10. 300 52.643 0.426 3.167
5b 29.4 1398. 1 70.080 53471 0.536 2.250
14 24.4 1567.2 11.917 63.997 0. 408 2.292
1P 28.2 1543.5 12.917 48.991 0.536 3.250

Sangju-1 | 1B 27.3 1571.2 12.667 60. 945 0.583 2.042 27.1 55.7 17.1 SiL
14 30.4 1512,9 - - 0.514 3.750
1H 33.5 1523.3 - - 0.463 3.208
241 39.6 1544.3 15.080 580782 0.593 2.375
2P 40/9 1533.5 17.000 45.000 0.576 3.792

Sangju-2 | 2B 38.4 1562. 1 12. 950 48.743 0.505 3.042 21.9 59.8 18.3 SiL
2§ 344 1529. 4 - - 0.510 2. 458
2p 42.4 1534.7 10. 500 59.534 0.539 3.125
3L 30.6 1566. 4 10. 580 58.782 0. 404 3.250
3P 34.3 1498.3 12.250 61.607 0. 446 3.875

Sangju-3 | 3B 29.7 1590. 3 - - 0. 549 2.333 19.3 60.2 20.5 SiL
3HY  36.8 1600. 3 - - 0. 469 4.042
3p 38.3 1645.2 - - 0. 460 3.833
441 20.5 1587.3 5.833 65.556 0.552 3.708
1P 22.4 1544. 3 9.083 63.997 0.502 4.083

Sangju-4 | 4B 19.4 1539.3 7.500 64.537 0. 404 4.500 414 42.5 16.1 L

44 22.8 1495.3 7.667 57.995 0. 467 2.708
4bH 244 1506. 1 8.917 61.607 0.561 3.000
1 39.8 1639.3 12. 450 48.743 0.543 2.381

Iksan-1 | 1-@ 38.7 1623.3 11.050 49.236 0.491 2.690 13.3 65.9 20.8 SiL
1B 42.3 1611,9 11.600 50. 659 0. 491 2.524
241 471.9 1599.3 11.800 35.754 0.363 2.381

Iksan-2 | 2. 50.5 1566.3 12.800 26.565 0.309 2. 643 10.7 70.3 19.0 SiL
2P 455 1586. 3 13. 500 26.565 0.323 2.881
3L 47.3 1470. 2 12.300 45.285 0. 436 3.012

Tksan-3 | 3-p 46.1 1488. 6 14.050 40.696 0.351 2.524 9.8 71.5 18.7 SiL
3B 571.4 1561.2 13.900 34.216 0. 486 2.262
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Table A2-1. Soil hardness measured as cone-index

Regi Depth CI Regi Depth Cr
eston (cm) (kg/cm?) eston (cm) (kg/cm?)
0 3.0 0 4.8
5 3.9 5 8.4
10 10.9 10 20.8
1-1 15 15.5 Ganghwa-2 | 2-5 15 x ot
20 4.9 20
25 4.5 25
30 16.3 0 9.0
0 3.4 31 5 8.6
5 4.0 10 8.4
10 10.5 15 2%
1-2 15 15.7 0 6.8
20 15.5 5 6.5
25 14,1 32 10 8.8
30 20.7 15 2%
0 2.5 0 8.6
: e L I e e
Ganghwa-1 1-3 15 6.3 15 2t
20 8.5 0 7.2
25 8.0 5 8.0
30 8.7 3-4 10 1.5
0 2.5 15 2%
5 3.5 0 5.5
10 4.5 25 5 7.2
1-4 15 10.3 10 7.4
20 12.5 15 2%
25 10.3 0 6.4
30 9.9 5 7.2
0 2.7 4-1 10 9.6
5 5.5 15 2
10 6.7 20
1-5 15 9.5 0 8.8
20 13.9 5 7.8
25 22.5 4-2 10 8.6
30 22 15 19.5
0 6.6 20 2
5 5.8 0 10.8
o1 10 19.5 5 10.5
15 2t Ganghwa-4 4-3 10 9.8
20 15 15.8
25 20 2%
0 2.6 0 4.8
5 3.4 5 6.6
9.9 10 11.0 4-4 10 14.2
15 13.6 15 15.8
20 17.0 20 2 %
25 2% 0 6.6
Ganghwa-2 ) 23 5 5.0
5 2.8 4-5 10 12.6
93 10 4.5 15 2%
15 12.5 20
20 13.4 0 4.0
25 17.4 5 4.2
0 2.8 10 3.8
3 32 Ganghwa-5 5-1 5 38
- 10 9.0 20 2%
15 13.6 25
20 2
25
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Table A2-2. Soil hardness measured as cone-index

X Depth CI . Depth CI
Hegion (cm) (kg/cm?) Hegion (cm) (kg/cm?)
0 2.5 0 13
5 ! 5 6.2
10 3.6 10 6.3
5-2
s [ 2-1 5 17.7
20 15.2 20 > ot
25 >t 25
0 2.2 30
5 3.0 0 2.0
10 5.5 5 2.5
53 15 6.8 10 3.5
20 15.8 22 s 7.0
25 16 20 16.0
Ganghwa-5 0 5.8 25 TN
5 6.4 30 15.0
10 7.6 0 2.7
5-4
s 5.0 5 3.5
20 > ot 10 3.3
25 Kimpo-2 2-3 15 9.9
0 2.6 20 23.1
5 38 25 20.0
10 5.5 30 16.3
55
15 9.5 0 2.9
20 > o 5 3.1
25 10 L5
0 5.9 2-4 15 23.7
5 7.2 20 203
10 6.2 25 x 2t
11 s 20.5 30
20 > o 0 6.5
25 5 59
30 10 6.5
0 6.0 2-5 15 23.9
5 9.6 20 * ot
10 10.6 25
12 s > o 30
20 0 3.6
25 5 I8
30 10 6.0
0 7K 3-1 15 5.2
5 5.0 20 > ot
10 7.2 25
Kimpo-1 13 15 27,1 30
20 21.0 0 I
25 23.2 5 5.2
30 > o 10 50
0 7.4 Kimpo-3 3.2 15 15.6
5 5.6 20 > ot
10 9.5 25
14 15 > 2t 30
20 0 5.2
25 5 6.2
30 10 5.6
0 7.2 3.3 15 13.0
5 7.4 20 22.0
10 10.0 25 * ot
15 15 > ot 30
20
25
30
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Table A2-3.

Soil hardness measured as cone-index

. Depth CI . Depth CI
Region 5 Region Y
(cm) (kg/cm”®) (cm) (kg/cm”)
0 3.2 0 0.4(1.2)
5 6.0 5 2.933(8.8)
10 5.5 L2 10 4.267(12.8)
3-4 15 5.4 15 4. 4(13.2)
20 2 20 3.6(10.8)
25 25 2.733(8.2)
. 30 0 2.667(5.0)
Kimpo-3 0 ! 5 4.6(13.8)
5 4.3 13 10 4.0(12.0)
10 5.0 15 4.867(14.6)
3-5 15 19.8 20 3.067(9.2)
20 21.0 25 2.6(7.8)
25 20.5 0 1.0(3.0)
30 20.5 5 2.0(6.0)
0 5.5 14 10 4.2(12.6)
5 6.5 15 2 2t
10 12.3 20 -
4-1 15 16.0 25 -
20 25.0 0 0.267(0.8)
25 2 5 0.733(2.2)
30 10 3.467(10.4)
2-1
0 5.5 15 2.067(6.2)
5 7.7 20 2.2(6.6)
10 1.7 25 3.0(9)
4-2 15 16.3 0 0.267(0.8)
20 20.0 5 0.333(1.0)
25 22.3 10 0.8(2.4)
2-2
30 21.9 15 2.0(6.0)
0 6.5 20 1.733(5.2)
5 6.9 25 2.0(6.0)
Hwasung-2
10 6.7 0 0.133(0.4)
Kimpo-4 4-3 15 18.5 5 0.5(1.5)
20 20.3 10 1.0(3.0)
2-3
25 20.3 15 3.667(11.0)
30 21.0 20 2.267(6.8)
0 5.5 25 2.733(8.2)
5 8.3 0 0.0
10 7.5 5 0.4(1.2)
4-4 15 16.7 94 10 2.467(7.4)
20 18.9 15 3.4(10.2)
25 21.5 20 2.167(6.5)
30 22.5 25 1.833(5.5)
0 5.0 0 0.867(2.6)
5 8.0 a1 5 2.0(6.0)
10 7.5 10 6.467(16.4)
4-5 15 19. 1 15 2 2t
20 24.5 0 0.933(2.8)
25 234 5 1.5(4.5)
3-2
30 22.6 10 5.4(16.2)
0 1.067(3.2) Hwasung-3 15 2>
5 4.167(12.5) 0 1.267(3.8)
10 2.733(8.2) 5 2.2(6.6)
Hwasung-1 1 15 2.267(6. 8) 33 10 5.6(16.8)
20 - 15 2 2
25 - 0 2.267(6.8)
5 2.5(7.5)
3-4 10 6.5(19.5)
15 2 2%
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Table A2-4. Soil hardness measured as cone-index

Region Depth CI , Region Depth CI X
(cm) (kg/cm®) (cm) (kg/cm”®)
0 0.2(0.6) 0 7.7
5 0.667(2.0) 5 13.7
10 1.433(4.3) 2-1 10 4.5
4-1 15 3.333(10.0) 15 7.5
20 3.467(10. 4) 20 -
25 2.4(7.2) 0 1.3
30 1.867(5.6) 5 4.3
0 0.6(1.8) 2-2 10 12.9
5 0.6(1.8) 15 9.5
10 3.267(9.8) 20 -
4-2 15 2.667(8.0) 0 8.3
20 2.6(7.8) 5 10.7
25 2.4(7.2) Kimhae-2 2-3 10 1.1
Hwasung-4 30 - 15 10.3
0 0.733(0.4) 20 -
5 0.367(1.1) 0 13.5
10 1.2(3.6) 5 10. 1
4-3 15 3.333(10.0) 2-4 10 15.4
20 3.533(10.6) 15 15.5
25 2.667(8.0) 20 16.0
30 - 0 8.9
0 0.467(1.4) 5 9.0
5 0. 467 (1. 4) 2-5 10 21.1
10 0.8(2.4) 15 9.7
4-4 15 3.033(9.1) 20 9.7
20 3.933(11.8) 0 5.0
25 3.2(9.6) 5 6.4
30 3.0(9.0) 10 10. 1
0 8.1 3-1 15 8.6
5 14.7 20 8.2
11 10 24.1 25 7.1
15 22.5 30 -
20 14.5 0 4.0
25 - 5 5.4
0 7.1 10 7.5
5 1.3 3-2 15 8.2
10 14.9 20 5.6
1-2
15 21.7 25 4.5
20 17.1 30 5.0
25 13.7 0 7.4
0 6.5 5 7.8
5 9.7 10 10.6
. 10 19.5 Kimhae-3 3-3 15 9.4
Kimhae-1 1-3
15 19.1 20 7.6
20 16.9 25 5.5
25 10.0 30 -
0 4.7 0 6.5
5 8.5 5 8.5
10 21.1 10 9.0
14 15 23.7 3-4 15 8.5
20 B 20 7.1
25 - 25 4.5
0 3.5 30 -
5 6.0 0 6.5
15 10 19.7 5 4.6
15 21.0 10 10.7
20 18.9 35 15 7.2
25 - 20 5.3
25 5.5
30 6.5
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Table A2-5. Soil hardness measured as

cone-index

Region Depth cl 2 Region Depth cl 2
(cm) (kg/cm”) (cm) (kg/cm”™)
0 10. 9 0 5.4
5 10. 4 5 8.2
10 12.4 1 10 16.6
41 15 7.6 15 2%
20 4.4 0 8.6
25 - 5 10.6
0 12.6 22 10 18.0
5 15.6 Milyang-2 15 22
o 10 16.8 0 4.8
15 144 5 5.0
20 10.5 z3 10 20.6
Kimhae-4 = - 15 bl
0 7.8 0 8.4
5 9.6 5 9.0
10 11.5 24 10 19.4
43 15 15.6 15 2%
20 11.0 0 1.6
25 5.8 5 15.0
0 56 Milyang-2 2-5 0 >t
5 10.0 15 22
" 10 144 0 44
15 13.8 5 6.6
20 10. 6 10 15.5
25 5.5 3-1 15 23.8
0 1.4 20 2%
5 12.0 25 -
. 10 4.6 30 -
Kimhae-4 4-5
15 10.5 0 7.8
20 5.5 5 8.6
25 10 1.0
0 8.9 3-2 15 1.4
5 13.9 20 21.1
- 10 24, 1 25 19.0
15 22 30 22
20 - 0 5.5
25 - 5 8.2
0 8.5 10 1.0
5 18.3 Milyang-3 3-3 15 U
10 24.5 20 -
12 15 2% 25 -
20 - 30 -
25 - 0 8.0
0 8.0 5 11.0
5 12.5 10 17.0
Milyang-1 13 10 14.0 3-4 15 2%
15 23.0 20 -
20 24.3 25 -
25 23.5 30 -
0 7.3 0 6.8
5 8.4 5 8.4
10 9.7 10 10.5
14 15 21.5 3-5 15 2%
20 22.5 20 -
25 19.1 25 -
0 10.7 30 -
5 12.7
15 10 23.7
15 22
20 -
25 -
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Table A2-6. Soil hardness measured as cone-index

. Depth CI . Depth CI
Region 5 Region Y
(cm) (kg/cm”®) (cm) (kg/cm®)
0 21.5 0 3.5
5 20.0 5 15.7
10 17.1 10 14.9
4-1 15 19.3 5-4 15 12.9
20 ESres 20 23.5
25 - 25 U
. 30 - 30 -
Milynag-4 0 8.0 0 5 1
5 16.1 5 9.7
10 17.7 10 20.1
4-2 15 18.5 5-5 15 19.1
20 19.1 20 20.2
25 19.5 25 20.6
30 23.0 30 U
0 11.5 0 5.0
5 10.3 5 6.0
10 13.5 10 19.6
4-3 15 16.9 1-1 15 21.8
20 24.0 20 22.6
25 20.0 25 X2t
30 - 30 -
0 11.5 0 11.6
5 12.3 5 9.5
10 15.6 10 21.0
Milynag4 | 4-4 15 2.3 1.2 15 * ot
20 16.1 20 -
25 21.5 25 -
30 - 30 -
0 21.3 0 7.8
5 17.5 5 4.6
10 24.3 10 13.2
45 15 T ot Sangju-1 1-3 15 20.6
20 - 20 22.4
25 - 25 20.2
30 - 30 20.2
0 3.5 0 4.6
5 5.0 5 4.4
10 4.8 10 9.5
5-1 15 9.1 1-4 15 17.0
20 18.7 20 21.8
25 s 25 22.2
30 - 30 20.8
0 8.0 0 7.4
5 10.5 5 5.8
10 13.9 10 15.6
Milyang-5 | 5-2 15 13.9 15 15 24.2
20 22.0 20 X2t
25 S0 25 -
30 - 30 -
0 5.3
5 14.9
10 16.6
5-3 15 18.3
20 S0
25 -
30 -
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Table A2-7. Soil hardness measured as cone-index

) Depth CI ) Depth CI
Region 5 Region Y
(cm) (kg/cm”®) (cm) (kg/cm®)
0 8. 1 0 5.2
5 7.1 5 4.4
10 6.5 10 14.0
2-1 15 18.5 3-4 15 18.5
20 22.5 20 18.8
25 23.5 25 23.6
30 2 30 2 2t
0 4.3 0 5.5
5 7.0 5 6.8
10 7.0 10 7.6
Snagju-2 2-2 15 1.5 3-5 15 19.0
20 19.5 20 2 2
25 21.5 25 -
30 24.5 30 -
0 6.0 0 6.0
5 10.0 5 9.0
10 10.2 . 10 14.6
2-3 15 16.5 Sangju-4 4-1 15 * ot
20 19.2 20 -
25 22.4 25 -
30 24.0 0 17.5
0 7.5 5 13.6
5 8.0 10 24.2
10 8.0 42 15 2%
2-4 15 4.7 20 -
20 2 25 -
25 - 0 10. 8
30 - 5 1.6
Snagju-2 0 8.3 10 * ot
5 4.1 4-3 15 -
10 10.5 20 -
25 15 10.5 Sangju-d 25 -
20 21.1 0 10. 6
25 2 5 12.6
30 - 10 13.6
0 10. 4 -4 15 2%
5 10. 4 20 -
10 11.2 25 -
3-1 15 20.8 0 13.5
20 21.6 5 16.0
25 2 10 16.5
30 - 45 15 2%
0 7.2 20 -
5 4.8 25 -
10 6.1
Sangju-3 3-2 15 13.0
20 18.4
25 17.8
30 20.0
0 9.5
5 7.8
10 7.8
3-3 15 13.5
20 16.5
25 2
30 -
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Table A2-8. Soil hardness measured as cone-index

) Depth I ) Depth cI
Region 5 Region Y
(cm) (kg/cm?®) (cm) (kg/cm”®)

0 3.0 0 0.2

5 5.4 5 7.0

10 7.1 10 7.0

1-1 15 15.8 2.2 15 10.0

20 13.0 20 12.2

25 17.8 25 §.5

30 7.5 30 5.8

0 0.8 Tkesan-2 0 0.2

5 3.1 5 1.2

10 i1 10 5.0

Iksan-1 1-2 15 12.2 2:3 15 12.2

20 10.5 20 4.2

25 9.8 25 7.2

30 E 30 10.0

0 2.8 0 1.5

5 55 5 3.2

10 5.2 a1 10 2.8

1-3 15 15.8 15 148

20 15.2 20 148

25 148 25 9.8

30 - 0 1.8

0 7.0 5 5.2

5 1.1 10 12.0

10 7.6 Tksan-3 32 15 14.2

Iksan-2 21 15 15.0 20 10.2

20 17.5 25 7.4

25 12.8 0 0.8

30 14,0 5 2.2

a3 10 55

15 13.0

20 12.2

25 9.6

- 119 -




Table A3-1.

Hardpan characteristics of selected fields

e [~C08 ] g [ | ]
) Texture star?mg end.mg o width of Cohesion| friction
Region Sand | Silt | Clay lzz)ll:)t 1::11:; (cm) hardpan (kPa) ?3;5;
(MPa)
seocheon 46.8 | 35 |18.2| CL 16 34 19 1.75 19.17 | 32.14
_io';gg:ggl 29.9 |52.9]17.2| SiCL 10 27 18 237 | 1167 | 3465
_iogg;iy;ggz 29.2 | 53 |17.8| SiCL 7 32 26 2.93 13.33 | 20.66
_1'(’33[{;30 29.8 |51.2| 19 | SiCL 8 32 25 2.25 11.67 | 32.14
ol 42 |69.6(262] SiCL 24 41 18 271 | 500 | 26.69
{‘ﬁl‘;“j;ﬁa 13.1 |64.5|22.4| SiCL 19 26 8 1.66 6.67 | 23.74
}j;{g{frfg 7.7 |753| 17 | siCL 20 28 9 116 | 1333 | 26.69
]‘j;;‘b}{;fg 163 |68.7| 15 | SiCL 4 24 21 1.51 833 | 34.65
-he):;?gc]lomn 482 |406|11.2| SL 18 48 31 2.98 15.83 | 23.74
.heylffégﬁun 44.3 |42.7] 13 | SL 26 31 6 1.05 333 | 26.69
_nif,‘:,i;;’eo 56.2 |34.6] 9.2 | SL 18 58 41 282 | 1333 | 3214
_nyef,‘;j;;’eo 44.7 |40.7|14.6| SL 24 59 36 3.17 833 | 23.74
Leljoo 48 |41 | 11| SL 17 53 37 229 | 2250 | 20.66
Lo 51.1 |385[104| SL 21 47 27 2.59 9.17 | 26.69
pan,‘,”o‘:,“":ﬂ;ldae 582 |358| 6 | SL 12 21 10 1.58 10.00 | 37.02
Simim"s‘;{f;l’g'mm 55 | 39| 6 | SL 18 30 13 2.56 10.00 | 37.02
PY_"S‘;‘;?:;‘*“ 26 |54.2]19.8| SiCL 14 30 17 1.28 500 | 26.69
PY"i‘i‘;‘vgv‘:ek' 18.1 |58.123.8| SiCL 19 51 33 1.25 583 | 26.69
PY;’,‘:;;%*:;“ 13.6 |56.8|29.6| CL 18 29 12 2.23 6.67 | 39.24

- 120 -




Table A3-2.

Hardpan characteristics of selected fields

o
Item Composition(%) Hardpan | Hardpan Avel:age Internal
h . Hardpa |cone index . .
starting ending . Cohesion| friction
i Texture . . n width of
Reei Sand | Silt | Clay point point (em) | hardpan (kPa) angle
egion
@ | () Mba) (deg)
oungtaek
P¥anj0§*ng 73 |61.1131.6| CL 24 30 7 1.16 8.33 37.02
2j00
-j%c}nae 36.7 |443] 19 | CL 18 32 15 1.32 333 | 23.74
liia(];(r’io 23.1 |54.9]| 22 CL 27 58 32 1.17 5.00 20.66
2j00
-j%Jme 39.5 |403(202| CL 20 54 35 1.26 0.83 | 23.74
2j0o
-j}:)gnae 444 (372|184 CL 38 54 17 1.07 5.00 17.44
2j00
_pa};}loung 6.2 64 [29.8 C 16 31 16 1.82 -5.00 48.52
2j0o
_jgklsung 154 |50.8|33.8| C 23 56 34 1.68 250 | 43.30
chilgok
-dongmyoung 43.9 [36.9|19.2| CL 18 32 15 1.26 4.17 34.65
-namwon
chilgok
-dongmyoung 50.3 [29.5|20.2| SL 5 18 14 1.56 -1.67 45.15
-namwonl
chilgok
-dongmyoung 471 |345|184| SL 9 16 8 1.48 0.00 45.15
-namwonl
chilgok
-dongmyoung 49 33 | 18 CL 3 31 29 2.22 3.33 39.24
-namwonl
daekoo-
dansung hwawon 15.1 [56.9| 28 C 2 31 30 2.27 33.33 32.14
busan kangseo-
karak dongmoon | 10.9 |63.5|25.6 | SiCL 12 30 19 1.65 21.67 32.14
suamnam
busan kangseo-
karakdong 74 17021224 SiCL 7 28 22 1.63 15.00 29.49
doonchi

- 121 -




= 9

Lol RIAME FHEAA AP sHIEATAYY AFEIAIYH.

ol HIA §& WET el WA 5PN AR FP7EAEAY )
AT AFY S gk gyt

 ZAnetrle 4R Bad e fo¥oz BE T TAFINE
NSEN




	토양특성에 따른 최적 경운작업시스템 개발
	요약문
	목차
	제 1 장 서 론
	제 1 절 연구의 필요성
	제 2 절 연구의 목표 및 내용

	제 2 장 국내․외 관련기술 연구
	제 1 절 국내 관련기술 연구
	제 2 절 국외 관련기술 연구

	제 3 장 작토층의 물리적 특성의 측정 및 분석
	제 1 절 경운정지 작업에 영향을 미치는 토양의 주요 물리적 요인 조사를 위한 토양-작업기 모델 및 자료 분석
	제 2 절 토양특성에 따른 관행 경운작업 시스템의 조사분석
	제 3 절 논토양 작토층의 물리적 특성의 측정 및 분석
	1. 지역별 토양물리성 측정
	2. 지역별 토양자료의 분석
	3. 토양경도의 정밀측정 및 분석

	제 4 절 국내 주요 논토양 경반의 물리적 특성
	제 5 절 쟁기의 경운저항 특성
	제 6 절 인공토조에서 토양파쇄 특성 측정 및 분석

	제 4 장 토양특성에 따른 최적 경운작업시스템을 위한 토양정보 DB의 구축 및 의사결정시스템 개발
	제 1 절 단위 경운작업에 따른 토양의 물리성 변화의 측정 및 분석
	1. 토양 물리성 변화의 측정의의 및 실험방법
	2. 단위 경운작업에 따른 토양의 물리성 변화

	제 2 절 토양물리성 정보지도의 보간법 결정
	1. 보간법에서 표면(surface)의 정의
	2. 표면 생성모델
	3. 토양 물리성 정보지도의 보간법 결정

	제 3 절 토양 물리성 정보 DB의 자료저장 모델 및 스키마 설계
	1. DB의 자료표현법
	2. 포장 위치정보와 속성정보의 결합
	3. 토양 물리성 정보 DB의 자료저장 모델 및 스키마 설계

	제 4 절 의사결정시스템의 구조 분석 및 설계
	1. 의사결정시스템의 구조에 대한 이론 분석
	가. 유전알고리즘(genetic algorithm)
	나. 인공신경망
	1) Back-propagation network(BPN)
	2) Hopfield net


	2. 최적 경운시스템를 위한 의사결정시스템의 설계
	가. 의사 결정시스템의 개요
	나. 의사결정시스템의 구조와 범위
	다. 의사결정시스템의 목적함수 설정
	1) 토양강도 목적함수
	2) 최소 경운비용 목적함수



	제 5 절 토양정보 DB와 의사결정시스템을 이용한 토양의 물리적 특성에 따른 최적 경운시스템
	1. 토양 물리성 DB 및 의사결정시스템 장치 구성
	2. 토양 물리성정보 DB의 응용질의 프로그램과 의사결정시스템의 통합
	3. 토양특성에 따른 최적 경운시스템 결정


	제 5 장 연구개발결과의 관련분야의 기여도 및활용계획
	제 1 절 연구개발결과의 관련분야의 기여도
	1. 기술적 측면
	2. 경제․산업적 측면

	제 2 절 연구개발결과의 활용계획

	제 6 장 참고문헌
	부록



