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2) 2000

3) 2001:

4)  FAO,2002:World agriculture: towards 2015/2030. Summary report.
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10) 2005
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WCCA(World Congress on
Computers in Agriculture) AFITA(Asian Federation for
Information Technology in Agriculture), EFITA(European Federation for Information
Technology in Agriculture) , PanAFITA(Pan-American Federation for Information

Technology in Agriculture) WCCA
1982 Tampa
National Conference of Computers on Agricultural Extension Programs
1980

IFAS(Institute of Food and Agricultural Sciences)
1986 International Conference on Computers in Agricultural
Extension Programs
Gainesville Orlando

Lake Buena Vista 1994
International Conference on Computers in Agriculture
1996 Cancun
EFITA 1996 AFITA 1998 2002

International Conference on Computers in Agriculture World Congress of
Computers in Agriculture and Natural Resources(WCCA)

3 AFITA
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PanAFITA WFITA(World Federation for Information Technology in
Agriculture) WCCA
WCCA
GIS
120
25

WCCA AFITA, EFITA, PanAFITA

2004 2005 Vila Real
24 26 Lake Buena Vista

e-AgBusiness and Production Chain Management

GIS
Web Library
Science
Fedro S. Zazueta
200
AFITA 1998 1 Asian Conference for Information

Technology in Agriculture

Asian
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Conference for Information Technology in Agriculture

(Suwon) 1 9 11
Bangalore 2004 8
Maha Chakri Sirindhorn
IT 130
400
ICT(Information and Communication Technologies)
FOSS(Free Open Source Software)
Web
GIS
Web-GIS MapServer
MetBroker, ChizuBroker, DEMBroker
EFITA 1997
Debrecen Vila Real
(Cemagref)

Information and technology for agro-processes
Fruit, Nut and Vegetable

Production Engineering Symposium "Frutic05 Information and
Technology for Sustainable Fruit and Vegetable Production”

Excursion  Cemagref
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GIS
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1 Geographic Information System
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-19100
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Wi-Fi
W-Fi Zigbee
Zigbee
Zigbee AODV
[4]
Wi-Fi  Zigbee
ZigBee Wi-Fi

250 Kbps 11/54/108 Mbps

4.2 bps/AW 9 45 bps/aW

75 300m 100m 22km

Mesh Network o o
> o
PC < o
LAN PC
LAN
Ethernet
LAN 100m
(4] WDS Wireless Distributed System

100 Wi-Fi
Wi-Fi

55



(5]

3-3-3
(1)

Web

XML XML
(6]
Web

PC
[7]

56

Web

LED

ON/OFF

pPC



(2) MetBroker

MetBroker

WM BAD S MCE AT ARTH r
W O E e e e @ -0 LU AR S 3

e L T T e R SR = L *..

WA
.- #‘ﬁﬁ'

Bes
'.r"'-l'- —
i oUW we e
(Wit B Bupt
Alr-Temp.
- .lll'-ul.
5 AL
-"I i 1T
L Y
o R
um
!-:u
| wi
I
| ———
(Bigur B B
Uer
|55
g A
y ST
.S
Ry —
«
i - Fra e

PPFD |
-
- "
- "1‘1 |
- I
T m e ll.ﬂ.-
Wit B WLt |
-Tarmp.
o ]
e
| de s
) i_;_:n'lhc:"l""Ll‘]. |
| S R
LED
™
|
™
s
N
e p—
Waotness-

————
LS —y r’

»
;e

Applet Servlet

MetBroker

AMeDAS

57

[8,9]



Q- 0 o @ SaE ocEsin FarT 8 0

p—u_

MetBroker
AMeDAS

3-3-4
)
MetBroker
Applet [10]

58



3-3-5

Web

RF-ID

Web
16ch 16
2
IC
H&8/3069 20MHz ROM:
CPU 512KB RAM 16KB ADC 10bit
8ch DAC10bit 2ch
256KB
RAM
AY
A/D CS5528 24bit 8ch
DDS-LSI
LSI | 70MHz Hz
2ch
AQZ205 AC/DC:100V 2A
ON/OFF
Ic MIC4680 Micrel 6 34V
5V 1.3A
IF Ethernet 10base-T RS-232C
75mmX75mm

59

IC

A/D



DDS

500

EC

ON/OFF

0S
C

A/D

IMED BRD BRY pRCAL T W

Om - Q- s E G .

Field3arver Engine
1 ASD Conmarien
OH Raw  my
1] 2= o)
211681 674
3 14 a
4 149 778 |
B 420 2062 |
8 o 1518
11 236 1055
B/t om |
CESS2E A/D Canvarsian
CH Row  m¥ Fargn |
O SYENE 38D | S0V
1 2564AT3 A0 25V |
11 BT AT |
12 614500 6
13 2AETer 200
14 BATEESS T
15 1553800 380
16 TeEEE M| 28V |

ASD Camvart

(] LT e

P Adgress 02 168 (00 F87

8000

Web

617
HS8

THAME  ERD
oF - 3

“u U repe o e = () SR

CfE R el

FieldSarver Engine

Dinpley O] Spere

CEE52E Rarye Sot
CH  Range
1 [aoy B
AT
3 1oy -
[} | By -
5 Y -
B Jmby =
T S0Y =

B 5.0y -

Famgs 521 |

0P Adidress F02 188000 187

€1 -3t

.

1kHz

DDS

24bit

A/D
300k

60

1P

10bit
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100ch 200ch

30 300 800
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Wi-Fi
IT
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NECTEC National Electronics and Computer Technology Center HAII (Hydro
and Agro Informatics Institute 600

30

TB 1012B
PB 1015B EB 10:B

1]

the Third Asian Conference for Information Technology in Agriculture”, 405-409, 2002
[2]

Hirafuji, M. and T. Fukatsu, Architecture of Field Monitoring Servers, Proc. of

12(1), pp.1-12 2003
[3] Kahn, J. M., R. H. Katz and K. S. J. Pister, “Mobile Networking for Smart Dust”,

ACM/IEEE Intl. Conf. on Mobile Computing and Networking (MobiCom 99), Seattle,
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WA, Aug., 1999

[4]http://www.thinktube.com/

[5]Hirafuji, M., T. Fukatsu and Hu Haoming, Full-Wireless Field Monitoring Server for
Advanced Sensor Network, Proc. of AFITA/WCCA2004, 686-691, Bangkok, Thailand,
Aug. 2004

[6] Fukatsu, T. and M. Hirafuji, “The Agent System for Field Monitoring Servers to
Construct Smart Sensor-Network”, Fifth International Workshop on Artificial
Intelligence in Agriculture, 1-5, 2004.

[7] http://model.job.affrc.go.jp/FieldServer/

(8] Laurenson, M. R., T. Kiura and S. Ninomiya, “Providing agricultural models
with mediated access to heterogeneous weather databases”, Applied Engineering
Agric., 18, 617-625, 2002.

[9] http://www.agmodel.org/

[10] http://cse.naro.affrc.go.jp/ketanaka/model/applet/

[11] http://www.ech20.com/probes.html
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SIMS-CP (Soil Information Monitoring System using Cellular Phone)
(PFS-AW; Portable Field Server for
Agricultural Water)
3-4-2
(1) SIMS-CP
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Water Level (mm)

3)

Web

3-4-5

[ ]

VisualBasic
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SIMS-CP
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GIS
2001 Mizoguchi 1999,
Mizoguchi et al. 2000, 2001 SIMS-CP
SIMS-CP
PFS-AW
PFS-AW
2001 NAPL
PHS LAN

C. S. Campbell, (2001a): Response of ECH20 Soil Moisture Sensor to Temperature
Variation, DECAGON Application Note,  (http:/decagon.com/echo/)
C. S. Campbell, (2001b): Response of the ECH20 Soil Moisture Probe to Variation in
Water Content, Soil Type, and Solution Electrical Conductivityy, DECAGON
Application Note (http:/decagon.com/echo/)
M. Mizoguchi (1999): Development of internet tools for calculation and prediction of
soil hydraulic properties, Characterization and Measurement of the Hydraulic
Properties of Unsaturated Porous Media, University of California Riverside, 341-347
M. Mizoguchi and K. Noborio (2000): Cyber Soil Center for Predicting Soil Water and
Nutrients Movements in Agricultural Fields, Proceedings of the XIV CIGR World
Congress 2000, 1755-1758

(2001)
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10
Web
2004
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3
60
10
24
1
12 14
20
2004 23
21
850
1,862 km 2 6
1
24
4
23
3-5-5
HP 6

19

13

1
17km
1
5
90
12

74

Web
128 95
22
1,300
1
3 10
71 10
7
16 11 1

24

2005



3-5-6

CATV 22
2004 23

1993
14 1 pp.31-42 1995

1993
50(1) pp.43-48 1994

1993 1994
45 3 pp.163-170 1998
1999 6 29

20 4 pp.403-421 2002
Yamamoto, H. Iwaya, K.: Characteristics of Heavy Rainfall and Flood Damage in
Aichi Prefecture from September 11th to 12th 2000, Journal of Natural Disaster
Science, 24 1 , pp.15-24 (2002)

2005 7 3
24(3) pp.323-331 2005
2005 14 (NABD
30 2006

Yamamoto, H, Iwaya, K.: Changes and the Characteristics of Heavy Rainfall
Disasters in Japan. Journal of Agricultural Meteorology, 60(5), pp.917-920 (2005)
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19 4 pp.437-452 2001

10

17 pp.24-27 2005
11
http://www.mlit.go.jp/river/sabo/linksinpou.htm
12 http://www.houko.com/00/01/524/193. HTM
13
http://www.mlit.go.jp/river/saigai/tisiki/syozaiti/suibo.html
14
http!//www.data.kishou.go.jp/index.htm
15 1-NET  http!//www.jmbsc.or.jp/
16

http://www.nourin.pref.yamaguchi.jp/norin35/norin35.asp
17
http://kisyo.agri-ex.pref.akita.jp/agr/

18 http://www.river.go.jp/
19
http://y-bousai.pref.yamaguchi.lg.jp/
20
http://www.pref. kagawa.jp/bosai/ksy/a2/index_ksy.html
21 2004
18 pp.18-22 2005
22 4 4.3
pp.159-170 2001
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2
hPa hPa m/s m/s m/s

1 10035 10055 19.4 243 147 67 49 25 6 12

2 1006.6. 10086 19.9 283 13 64 23 15 45 89

3 10094 10115 20.4 26.1 141 63 31 11 34 6.7

1 1005.7. 10078 25 284 16.7 58 29 14 4 8.2

5 1006.8/  1008.9 21.9 297 164 60 33 13 4 8.1

6 1006.9 1009 22.3 292 15 55 30 18 46 88
—7 | 10084 10105 22.9 286 187 60 25 16 37 77

3 1011.6 10136 23.1 298 173 62 28 17 49 88

9 1009.6. 10117 23.8 30.1 179 58 32 29 6.9 121
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02/15
07:50
10 0
°

/
07 0/
06 0/
05 0/
04 0/
03 0/
02 0/
01 0/
24 0/
23 0/
22 0/
21 0/
20 0/
°

10

07:50: 0/
07:40: 0/
07:30: 0/
07:20: 0/
07:10: 0/
07:00: 0/
06:50: 0/
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i-MODE

80



(km?) *

78,419.00 159 22.2 228 18.5 278 1.2 291

9,606.78 22 20.9 31 17.6]  *185 6.0  *130

15,278.64 33 21.5 52 17.1 74 1.4 57

7,285.53 18 20.1 24 17.4

11,612.22 24 22.0 37 17.7 39 1.1 97

9,323.39 20 21.6 32 17.1 177 5.5 127

13,782.75 29 21.8 48 16.9 102 2.1 99

6,095.68 14 20.9 23 16.3

6,408.28 14 21.4 22 17.1

6,363.16 13 22.1 23 16.6

3,797.25 8 21.8 14 16.5 14 1.0 20

5,156.54 14 19.2 17 17.4

2,187.09 14 12.5 20 10.5 77 3.9 82

2,415.85 5 22.0 11 14.8

12,582.58 27 21.6 45 16.7

4,247.34 9 21.7 15 16.8 83 5.5 71

4,185.43 11 19.5 15 16.7 106 7.1 110

4,189.22 9 21.6 15 16.7 81 5.4 60

4,465.37 10 21.1 15 17.3 68 4.5 58

13,560.55 29 21.6 48 16.8 146 3.0

10,622.85 23 21.5 37 16.9 138 3.7 102

7,779.82 17 21.4 29 16.4 141 4.9 113

5,162.50 11 21.7 19 16.5 140 7.4

5,776.59 12 21.9 21 16.6) *169 8.1 *122,

4,017.36 9 21.1 13 17.6) 91 7.0 63

4.,612.98 8 24.0 19 15.6)

1,893.75 7 16.4 9 14.5 46 5.1 94 7

8,393.51 19 21.0 31 16.5 142 4.6 127

3,691.09 6 24.8 15 15.7 75 5.0 30

4,725.82 12 19.8 19 15.8 137 7.2 44

3,507.21 9 19.7 15 15.3

6,707.47 16 20.5 27 15.8 107 4.0 96

7,112.70 15 21.8 24 17.2)

8,477.73 18| 21.7 32 16.3] 54 1.7 88 13

6,111.11 16 19.5 22 16.7 128 5.8 95

4,145.46 8 22.8 13 17.9 51 3.9

1,876.16 6 17.7 7 16.4 71 10.1 93 7

5,676.92 15 19.5 21 16.4

7,104.88 15 21.8 27| 16.2 52 1.9 65

4.974.75 12 20.4 18 16.6) 135 7.5 42

2,439.31 4 24.7 9 16.5 84 9.3 5

4,094.39 14 17.1 19 14.7] 128 6.7 58

7,404.42 17| 20.9 28 16.3 145 5.2

6,339.11 14 21.3 24 16.3 71 3.0 66

7,734.77 18 20.7 27 16.9 124 4.6 20

9,187.50 30 17.5 40 15.2 259 6.5 38 6

2,273.93 17 11.6 25 9.5 25 1.0 23
372,806.74 850 20.9] 1,325 16.8] 3,589 2.7 2,334 33

81




5 2004 23
19 mm 20 mm mm mm mm mm

1 92 582 674 116 312 457
2 81 513 594 107 246 399
3 85 466 551 88 222 361
4 72 457 529 125 263 376
5 89 436 525 91 229 335
6 80 441 521 88 190 322
7 77 427 504 90 202 322
8 82 419 501 62 158 266
9 83 412 495 76 221 334
10 67 412 479 83 184 293

62.0 333.0 395.0 57.5 161.5 255.0

79.5 470.0 549.5 70.0 206.0 362.5
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3-6 GA

3-6-1
km NOAA/AVHRR
SPOT/HRV LANDSAT/MSS,ETM
1)
IKONOS/MSS QuickBird/MSS
2)
3-6-2

3)

5)
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6)

GPS,GLONASS

0.6

10 100

9 LUCC



NP

3-6-3

7).8),9)

(GA)

Aj J

Xj =(x1, x2,---, xn)

NP

13)

84

GA

3.1

10)

11

NP

X]

I

12)

1=1,2,,n



GA

A
Pr 1, 2

J== ; A

H=5 ; ;

/10a)

3-6-4

A

(GA)

pgm-0

P
3.2

3.3

3.4

3.5

max

Xj =(x1, x2,-+-, xn)

GA prg-1

85

0
H
Xj
T T
(
X, #0 VK
bit

14)



prg-1

max

f>0

H (4.1)

max

A 2

X1, =(xl, xL,, -, xL,) X2, =(x2,,%2,,---,x2,) X3, =(x3,x3,,--,x3,)

X4, =(x4,,x4,,,x4,)

X1, = {max(zk’ X) (i Ay ) vi.k
Xy ( )
2, = {min(4, X +z, -1 ] A ) vilk
Xy ( )
(4.3)
(X1, +x2,)/2( | k=12)
x3, =4 ( k=7,8) Vjk
X ( ) (4.4)
X2, (] k=12)
X4, =<4 (] k=7,8) Vj,k
X ) (4.5)
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(4.2) X1 |

(4.3)
(4.4)
X4 ( 2
3
prg-1
Cmax
3-6-5 GA
)
Ni
N, >160
N g
N, >30 N, =50
(2) NP
2 /=50
50
G (2.6) C, <4
1,000
C2 (:2 < 44><1000
(@)
TJ

TC

max
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X2
X3 (4.5
7 8 4
Cmax
N, =200
, GA
TH
(5.1)

TJ



TH <TC,,,

(5.1)
2 bit
n
nlog, m]|
(b)
k Ji(k) H, (k)
i b,
TJ TH S
T = Z‘Ji(bi)
ics (5.2)
TH =3 H,(b,)
ies (5.3)
i J k
X; (k)
i b,
TX}
X =X (bi) Vi, | (5.4)
(2 (.3 T
(5.4)
TJ,TH (5.5)
f
TJ (TH <TC,_,)
f=11C
()
(5.5)
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prg-2 51

15)

, 1 2
1
4)
3
, 4
3-6-6
1)
15)16)
1 ha(100m>100m) 30>=30
900
(2
@
30 35 25 30 25
(b)
400 1,000mm
25 ( 40
0 2 ) 18 20

17
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()

5 15 20 29
18) 19)
(D
10
30
20)21)
3-6-7
(1)
prg-2 .
IRTCl (TCmaX =105 ) |RTC2 (TCmax =4x105
IRTC; (TCha —ge105 ) 30x30
2 74
75 716
71
IRTC, IRTC, IRTC,
72 14
75 716
2
@)
717
ISTC, (TCmux g 5x105 ), 1STC2 (TCmx —gx105
ISTCs (TCru =g 85105 )
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30x30 7.18 7.20

prg-2
22)
prg-2
7.21
ASTC, (TChax—g 95105 ) ASTC, (TCmx—g 4x105 )
ASTC; (TCon 315105 ) 30x30
722 724
3-6-8
GA prg-2
NP
GA
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GA

GA
10
23)
24)
GA

[1] http://glefapp.umiacs.umd.edu/
[2] http://earth.google.com/
[3] Mark.Weiser:”Some Computer Science Issues in Ubiquitous
Computing”,CACM, Vol.36, No.7, pp.75-84, 1993.
(4] Takashi Hoshi :“Data Base System of Remote Sensing for Agricultural

Development”, Center for Data Processing and Mapping, Ministry of Public Works,
PUSDATA in Indonesia, Rep.1,pp.1-116, 1989.

[5] http://www.geo.ucl.ac.be/LUCC/lucc.html
6] , , , ) , :“
7, ,pp.512-518,1986.8.
[7] E. El-Neweihi, et al, “Multistate coherent systems”J.Appl. Prob. 15,
pp.675-688, 1978.
(8] B. Natvig, “Two suggestions of how to define a multisatate coherent system”,

Adv. Appl. Prob. 14, pp.434-455, 1982.
[9] b b b « ”’
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, May 25/27, 1994.
[10]

Jaime H.Thuruta, Takashi Hoshi : ” A Study on the Selection of Agricultural

Adaptive Development Areas Using Genetic Algorithms Applied to More Than One

Crop”,Brazilian Review of Agricultural Economics and Rural Sociology Brazil

pp.197-227., 2000.12.
[11] , .«

pp.46 47, 1993.6.

[12]
Computation”,Addison Wesley, 1979.
[13] , 113

”»
b

Hopcroft,Ullman:

,pp.143-148,1987.

[14] , € PTYPE
[15] , , e
[16] Joy Tivy:* 7 pp.4-112,
[17] « 13
[18] e
[19] “ 12 (
pp.2-232, 2002.
[20] “ 14 ,
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[21] « (

, pp.12-60, 2002.

[22] « 48
pp33-112, pp.128-130, 2001.
[23]
[24] (2]

“Introduction to Automata Theory,

Languages, and
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, J79-A, pp.650-657, 1996.
, pp.56-97, 1999.
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* * Rl
(A) () (A)
(A)
4 100cm 3% — 25 30
3 70 100cm 3 15% 22 25 30
2 40 70cm 15 20% 19 22
1 25 40cm 20 30% 18 19
0 25cm 30% 18
R2 R3 * *
(A D (A9
(A)
4 350hr 35"
3 1500mm 300 350hr 35" 3<
800 1500mm 225 300hr 3 8<
1 300 800mm 150 225hr 8 10<
0 300mm 150hr 10<
2
(kg/10a)
700 P 1(34343444)
650 P ,(34343344)
600 P 3(34333344) P ,(44233344)
550 P 5(34332344) P 4(44232344)
500 P ;(34212344) P 4(24232244)
P 4(33232244)
450 P10(33222244) P,,(33231344)
350 P1,(33212244) P,5(23121244)
P16(22121344)
300 P17(23111244) P4(33211144)
250 P17(23111144) P15(12132244)
3 ( /kg)
258.30 167.60 83.32 349.37 201.67
( /10a)
1 2
4 3 2 4 3 2 4 3 2 4 3 2 4 3 2
48 | — — 5| — — 10 | — — 48 | — — 24 | — —
71 48 | — 15 10 | — 35 25| — 25 3B | — 60 40 | —
94 71| 48] 20 15 5 70 60 35 60 70 35| 210 | 198 150
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GA TCpay

<+ Q Tcmax> (TCVUBX
)
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100000 - |
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|
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50000 -
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I . . I
0 20000 40000 60000 80000 100000 120000

[0 1
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40000 60000 80000 100000 120000

20000
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[10kg]
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=
>
=
S
=
=
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\neenu\f
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120000

100000

80000
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40000

20000
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120000
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719 ISTC,

97

7.20 ISTC,

[10 1




[10kg]
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3-7

3-7-1
CALL (Community-based Agricultural Land Lease Model)
ASMAP (Agent-based Simulation Model for Agricultural
Planning)
1
3-7-2
(1999) 2
1)
(1979)3
(1983)4
1960
(1985)5
(1989)¢
(1991)7
(1999)
MIT  JW.
1
2 1999 p.13
3 1979
4 1983
5 1985
6 1989
;
1991
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(1961) (1969)

1970
1980
(1981, 1986)8 (1987)°
(1979)10

(1983)11
)
©)

(MS) MS
8 System Dynamics

19 1981
54(9) 1986
9 (1983)
1987

10 1979
1 (1983)
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12

1980 (2004)

MS
3-7-3
(l) 13
(Multi-Agent simulation, MAS)
MAS
(Agent)
12 23(2)
2004
13 ASMAP

24(B) 2006
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(2) MAS

3-7-2 (3)

MAS

MS

MAS

KKMAS

Swarm

StarLogo

14

2004

MAS MS

MAS

MAS
MS

Windows GUI
KKMAS
Visual Basic

p.9
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MS

KK-MAS



KKMAS

3-7-4 CALL ASMAP
CALL ASMAP
1)
1988
1990
MAS
CALL ASMAP
(2) CALL 15
2002
MAS
CALL
(3) ASMAP
CALL ASMAP
16
0
0
0
0
0
100
15
85-90 2003

16

24(2) 103-114 2005
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ASMAP

17
- Y - 7 ppl21-126 2005

42(1) 2006 3
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(2004)
18
ASMAP
Case
Case 1 Case 2
( )

a Case 3a
Case 4a a
b Case 3b Case 4b b

Case 4a 4b

Casel
T/ r

3-7-5

MAS
ASMAP

18 16 1
2005
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3-8

3-8-1

3-8-2

GPS(Global Positioning System)
GIS Geographic Information System

IGBP(International
Geosphere-Biosphere Program) IPCC(Intergovernmental Panel on Climate Change),
The Millennium Ecosystem Assessment GEOSS(Global Earth Observation Systems of
Systems)
GIS

GIS
GIS

3-8-3
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Landsat SPOT

2001
QuickBird 0.45 0.90u 0.61 (B)
0.45 0.52u (G) 0.52 0.60un (R) 0.63 0.69u (NIR) 0.76 0.90u
2.44
2000 EO-1 Hyperion Landsat 30
0.4 25n 220

Vegetation Canopy Lidar(VCL)

(SAR)
2002

GPS GIS

20cm
(043 1.0n ) 512

25,000Hz

FP-mode, First pulse mode
LP-mode, Last pulse mode
Ground GPS (Global Positioning System) (
) Airborne GPS GPS
IMU(Internal Measurement Unit)

DEM Digital Elevation

Model
20 30cm
15cm
FP-mode

(FP-mode DEM) (@)
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FP-mode DEM
110

LP-mode

DTM; Digital Terrain Model ( (b)
LP-mode DEM DTM

FP-mode DEM DTM

DCHM,; Digital Canopy Height Model (c)

RMSE
DCHM

47cm 40cm
19cm 12cm

NDVI =(NIR-R)/(NIR+R) Normalized Differential VVegetation Index

NDVI
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(NMR)
CT

LIF(Laser Induced Fluorescence)

B 0.40 0.52p
G 0.48 0.60p R 0.60 0.72p NIR 0.70 1.1p

04 0.7u 0.75u

0.55u /0.90n )

-1.0MPa
550nm
700nm
0.9
LIF
(PAM)
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shape-from-x
shape-from-focus
CCD

3-8-4
GPS/GIS
GIS
1) Auernhammer, H. and J.K. Schueller (1999) CIGR Handbook of Agricultural
Engineering. Vol.111. (Stout, B.A. ed.) 598-616 ASAE
2) Campbell, J.B. (1996) Introduction to Remote Sensing. 2nd ed. The Guilford Press
3) Colwell, R.N. (ed.)(1983) Manual of Remote Sensing. 2nd Ed. Vol.lIl. Amer. Soc.
Photogrammetry
4) De Baerdemaeker, J., A. Munack, H. Ramon and H. Speckmann (2001) IEEE
Control Systems Magazine. 21(5):48-70.
5) Govindjee and L. Nedbal (2000) Photosynthetica 38:481-482
6) Hader, D-P. (2000) Image Analysis: Methods and Applications. 2nd ed. CRC Press
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7) Hashimoto, Y., H. Murase, T. Morimoto and T. Torii (2001) IEEE Control Systems
Magazine. 21(5):71-85

8) Hobbs, R.J. and H.A. Mooney( ) (1993)
9) (1995) 34:429-434
10) (1998) 37:91-94

11) Kondo, N. and K.C. Ting (eds) (1998) Robotics for Bioproduction Systems. ASAE
12) (2000) GFP .
13) (1984) 459-483

14) Omasa, K. (1990) Modern Methods of Plant Analysis. New Ser. Vol.11 (H.F.
Linskens and J.F. Jackson, eds) 203-243 Springer

15) (1994) 149-173

16) (1994) 33:855-862

17) Omasa, K. (1998) SPIE 3382:91-99

18) Omasa, K. (2000) Image Analysis: Methods and Applications, 2nd ed.(D.P. Hader, ed)
257-273, CRC Press

19) (2003) .11:213-230
20) (2004) 59-70
21) (2004) 66-78

22) Omasa, K. CIGR Handbook of Agricultural Engineering. Vol.6.(A. Munack et al.,
eds.) ASAE (in press)

23) Omasa, K. and l.Aiga (1987) Systems & Control Encyclopedia.(M.G. Singh, ed.),
1516-1522, Pergamon Press

24) (2000)
20:34-46

25) Omasa, K. and J.G. Croxdale (1992) Image Analysis in Biology.(D.-P. Hader, ed.)
171-193, CRC Press

26) ( )(1988) . 155-192

27) Omasa, K., K. Oki and T. Suhama. CIGR Handbook of Agricultural Engineering.
Vol.6.(A. Munack et al. eds.) ASAE (in press)

28) Omasa, K., G.Y. Qiu, K. Watanuki, K. Yoshimi and Y. Akiyama (2003) Environ. Sci.
& Tech. 37:1198-1201

29) Omasa, K., H. Saji, S. Youssefian and N. Kondo (Eds) (2002) Air Pollution and Plant
Biotechnology. Springer

30) (1992) 422-433,

31) (2000)

32) Rencz, A.N. (ed.)(1999) Remote Sensing for the Earth Sciences. John Wiley & Sons
33) (2001) IT

34) (1998)

35) (1996)
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400kbps 71.6

15 67.4
T
1
(H15)
22,720 | 698,804 30.8 10.1 | 22,691 99.9% 78.5 37.1 —
10,254 | 477,066 46.5 7.1 10,244 99.9% 82.3 40.0 —
4,076 | 438,721 107.6 6.2 4,076 100.0% 95.5 71.5 —
7 433 61.9 2.9 7 100.0%|  100.0 66.0 —
934 | 27,343 29.3 3.4 933 99.9% 91.0 58.3 —
37,991 (1,642,367 43.2 8.1 | 37,951 99.9% 81.7 44.3 67.4
1

3-9-3
(1)

120



3)

R

TR
L=

i et

121




Kto
A RTAS)

63

122




= METTRLE &
m = WIVET W
i = WEGHALRAS

i’ - RATE MENE

.& = A8 =S PREIOY 8
|].

ﬁ wh=wameee
- AR At ae

., -‘L&-E. . ANTELRE TR
f= | = INARE -ausin un
)'\, | = EEANALL O - a
FLLLreY

PRAEE - -

Rl AR S e

(6)

)

123



ARIC

sRerem=ARERS

FEEEFTREREals

3-9-3

http://www.suido-ishizue.jp/

http://www.mext.go.jp/a_menu/shotou/zyouhou/04120301.htm

124



(1)

IT )

http://www.agmodel.net/DataModel/

10

19
18

125

IT

600

21



126






6,302 2,095,001 32 71,230

30 10,238 2,768,320 67 152,400
35 13,041 3,157,730 138 318,992
36 13,163 3,229,217 139 382,073
37 13,146 3,289,961 142 350,907
40 12,557 3,397,277 143 373,708
45 11,664 3,514,391 137 405,447
50 10,186 3,499,481 123 408,945
55 9,031 3,431,226 116 417,500
60 8,476 3,254,854 112 419,089
8,133 3,253,048 106 388,433

3 8,071 3,242,953 105 386,605
4 7,992 3,230,917 104 382,257
S 7,892 3,211,387 101 376,422
6 7,796 3,187,322 102 380,668
7 7,681 3,159,846 100 370,805
8 7,573 3,139,646 97 364,527
9 7,414 3,102,782 96 363,194
10 7,297 3,080,347 93 351,857
11 7,137 3,042,494 92 350,832
12 7,004 3,014,601 89 342,748
13 6,816 2,972,649 89 339,770
14 6,605 2,939,856 85 319,602
15 6,354 2,904,196 85 325,964

1
3,982 849 314 142 64 80 5431
( 733 ) 15.6 )|( 5.8 )( 2.6 ) 1.2 )|( 1.5 )J(_100.0 )




3,511 502 485 851 82 5,431
( 64.6% N ( 9. 2% H)( 8.9% )i( 15.7% ) ( 1.5% 100.0%
100ha 100 300 500 1,000 3,000 5,000 10,000ha
300 500 1,000 3,000 5,000 | 10,000
S35 8,231 2,490 984 812 472 36 16 | 13,041
( 63.1 )| 19.1 )]C_ 7.5 6.2 ) ( 3.6 D 0.3 ) 0.1 )( 100.0 )
40 7,664 2,490 960 844 534 46 19 [ 12,557
( 61.0 )| 19.8 DI 7.6 D 6.7 ) (4.3 ) 0.4 ) 0.2 )( 100.0 )
45 6,729 2,468 947 860 494 92 54 20 | 11,664
( 57.7 )| 21.2 D€ 8.1 D 7.4 )l 4.2 M 0.8 D¢ 0.5 D¢ 0.2 ) 100.0 )
50 5,512 2,189 936 861 510 99 63 16 | 10,186
(_54.1 )| 21.5 DC 9.2 D] _8.5)|C 5.0 M 1.0 D¢ 0.6 D¢ 0.2 )( 100.0 )
55 4,544 2,087 921 807 484 115 58 15 9,031
(_50.3 )| 23.1 )| 10.2 D] 8.9 )| 5.4 M 1.3 D[ 0.6 D¢ 0.2 )( 100.0 )
60 4,086 2,062 881 770 498 107 57 15 8,476
(_48.2 D|( 24.3 D|C 10.4 (9.1 )| 5.9 M 1.3 D[ 0.7 D[ 0.2 )( 100.0 )
H2 3,882 2,039 819 708 498 117 52 17 8,132
(_47.7 )| 25.1 )| 10.1 D] 8.7 )|C 6.1 M 1.4 D[ 0.6 D¢ 0.2 )( 100.0 )
7 3,615 1,947 784 630 519 105 65 16 7,681
(_47.1 )| 25.3 )| 10.2 )| 8.2 )| 6.8 N 1.4 D[ 0.8 ) 0.2 )( 100.0 )
12 3,302 1,738 683 618 479 113 56 15 7,004
(_47.1 )| 24.8 D|C 9.8 )| 8.8 )| 6.8 N 1.6 D 0.8 )¢ 0.2 )( 100.0 )
15 2,953 1,573 599 577 465 116 55 16 6,354
(_46.5 )| 24.8 DIC 9.4 D _9.1 )| 7.3 M 1.8 Dl 0.9 D[ 0.3 )( 100.0 )
@ 100ha
m 100 300
s45 0300 500
0500 1,000
S50 m1,000 3,000
S55 @3,000 5,000
m5000 10,000
S60 0 10,000ha
H2
H7
H12
H15

0%

60%




438 1,220 2,732 778 263 5,431
( 8.1 22.5)( 50.3)K 14.3) 4.8) 100
o
(km
462 7,952 26,329 19,977 13,376 280,532
302 1,480 2,591 1,689 1,463 3,787
(o]
0.6 24.1 23.5 45.9 0 100
2.4 20.3 10.1 64.2 3 100
0.3 10.4 14.8 74.1 0.3 100
0 40.6 22.6 36.8 0 100
1.4 16.2 15.5 66.1 0.8 100
(o]
10 [ 11 20 ] 21
100ha 1,767 338 75 20 1 2,201 558
100 300 714 491 174 60 3 1,442 1,054
300 500 193 193 133 80 3 602 752
500 1,000 123 124 137 156 21 1 562 1,127
1,000 3,000 47 38 51 174 112 26 448 1,980
3,000 5,000 6 2 8 11 26 48 9 110 1,211
5,000 10,000 2 4 8 20 19 53 986
10,000ha 2 1 2 8 13 518
2,852 | 1,189 578 505 174 9% 37 5,431 8,186
(. 52.5 )(21.9 )(10.6 X( 9.3 ) 3.2 Y 1.8 )( 0.7 M 100.0 )
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10

35,270 6,941 27.5
14,883 2,929 11.6
20,387 4,012 15.9
22,617 4,452 17.7
10,105 1,989 7.9
8,032 1,581 6.3
2,073 408 1.6
12,512 2,463 9.8
9,625 1,895 7.5
2,887 568 2.3
14,424 2,839 11.2
7,747 1,525 6.0
6,677 1,314 5.2
23,742 4,673 18.6
1,360 268 1.1
1,635 322 1.3
2,997 590 2.3
498 98 0.4
17,252 3,395 13.5
32,090 6,316 25.0
128,143 25,221 100.0
10

22,455 4,420 17.5
12,479 2,457 9.7
3,636 716 2.8
1,187 234 0.9
7,656 1,507 6.0
9,976 1,963 7.8
3,879 763 3.0
1,562 308 1.2
1,642 323 1.3
919 181 0.7
677 133 0.5
1,297 255 1.0
10,627 2,091 8.3
12,658 2,491 9.9
34,926 6,874 27.3
13,122 2,583 10.2
8,915 1,755 7.0
25,440 5,007 19.9
128,143 25,221 100.0












