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Purpose&
Contents

1. Research Objects

M
)

Development of smart-sensor equipment including convenient
sensors particularly for structure cultivation farms and Universal
integrated—controllers.

Research on difference test between our own developed sensors
or equipments and other sensors or equipments.

Performance tests completed by farm verification tests of
developed products.

Manual development.

2. Research Contents

')
\J

)

1st year—term

Development promotion of appropriate sensors and equipments for
agricultural sites that have been passed through farm needs.
Installation at farms and cooperative institutions of developed
products for performance tests and research.

Proceed developed products' extracts of problems and
improvement.

Make contacts with more than 10 farms and agricultural sites for
farm verification tests of final developed products.

Z2nd year—-term

Development of Server Programs and App Programs.

Completion of products improvement and exhibitions promotion.
Farm verification tests of approximately more than 10 agricultural
sites.

Manual development.

Results

1. Quantitative Achievements

N
\_/

Two theses, two patent applications and one patent registration,
one commercialization, three scholarship presentations,

eight exhibitions promotions, one policy consultation.

Two additional developments of disease forecast equipment and
irrigation — controller.
Performance tests of over 10 sites.

Manual development.




2. Qualitative Achievements

O Communication between devices is composed of two lines of
RS-485 wire communication with a communication capacity up to
maximum 1.2km. There are no such problems in communication
due to radio interference or a lack of distance limit which are
found with wireless communication.

_ Developed sensors and smart sensor equipment are not in need

of any kind of additional operating power since they are initially

provided with Router.

_ Routers and smart sensor equipment consisted of a compacted

water proof typed structure in which everyone is able to simply

install on their own.

_ Routers adopt the compacted WCDMAmodule of 3G communication

for the use of internet communication in which can be operated

regardless of internet setup.

0 The sensor parts of smart sensor equipment are made up of

insertional type of modular jack which helps it more simple for
operators to use.

) Smart sensor equipment automatically acknowledge what types of

the sensors type are, thereby there is no need of additional

operational functions.

_ Developed products do not need any other special operational

functions, only their power should be connected to operate.

> With a previously developed device that was introduced on an

assignment, an additional device which can detect any possible

diseases and the progress of a disease of strawberry is developed.
(O With the practical use of a formerly developed device of the

assignment, a new convenient automatic irrigation—controller is
additionally developed in order to solve the irrigation problems of

soil cultivation farms.

O The routers and smart sensor equipment developed by the

assignment are expected to bring a high efficiency of import
Expected

N substitution for foreign products which have been widely used for
Contribution

research tests by many research institutes and colleges due to

their convenience as well as low price.

O Developed devices are not only useful for areas of structure




cultivation but also for a variety of areas in which need sensors

measurement and control such as open field cultivation, animal

husbandry, and meteorological environment. Therefore, a sales

enhancement is promoted through positive marketing strategies

) Developed devices are not only limited to operate a sensor

monitoring function but also are able to forecast diseases and

control irrigation. It is expected to promote a ICT diffusion

business by increasing the number of farm verification tests as

well as the level of attention by people in charge of provincial and

regional ICT

Information
Remote and CDMA Local Wireless
Keywords Smart Sensor . . L. L. ..
Terminal Unit |Communication| Communication | Communication
Technology
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6) FAFA7I} AtEAM AT F2F

void main ()
{ int16 idx_id ; init_system O ;
sensor_read() ;Reset_RXD () ; dtBF_cnt_max485 = 0 ;
for(y) {
stand_by (O ; read_octal_sw() ;
if(btRX_cp_max485) {
btRX_cp_max485 = 0 ;
if(RX_ADD == (ADD+0x10)) {

if(RX_CMD == (TRS+0x10)) { set_clock O ; }
else if(RX_CMD == (STP+0x10)) { }
else {

data_serve()

delay_ms(30)

MAX485_TX ; delay_us(500) ;
for (idx_id = Osidx_id <= tot_datasidx_id++) { putc]) ; }
delay_ms(50) ; MAX485_RX ; i
rain_fall = 0 ;

} [
Yelse {}
} delay_ms(500) ; } Router, Sensing Unit7t Flow Chart
(7)) 3==
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@A | Header | 2o 2417 4(012-2051-6695) b I EY eche Datal0] | Dataln]
n o
Field A B8]l
Header 0xFD 1A
Z10] Byte ©¢] Z| 3t 0x6D(109) Header gk
0122 AQlat 2+S 4bits ot #goz A
$AIZA | 012-2041-2873->0x20 Ox41 0x28 0x73 | = flefeh g& v w
5 B
e AL P2 dbits & Fgo=2 AMS
Version | 2.0 > 0x20, 2.5 > 0x25 30 -> 03 | % J2Ash 3= 4bi i s
g3 | 3 2 g
Dataln] n Z|tf100 (A]o1’dE50byte + AojHfo]| Zo] Z|tjH(109)-9(Header) = 100(X]T] £4l
ata[n
E]50byte) glojg ZoJ)
(0000000100000001000000401000000000000000000000000000000000000000G100000001004000001
ol 1]Jofl1Jo]l1]oloJoJoJo[o]o ol 1]ol1]o]1
Data[50] | Data[51] | Data[52] | Data[53] | Data[54] | Data[55] | Data[56] | Data[57] | Data[58] | Data[59]
(00000g0a0g0qgqaaagqoaqaoqaaagaaagqaoaaaoaagqaagoogqaaaagqaagoagaoaggaagaoagaoagaagaaaqao
ofloJoJoJoJ]o[o[oJo]Jo|o[oJoJo]J]oJo]o]o[o]oO
Data[90] | Data[91] | Data[92] | Data[93] | Data[94] | Data[95] | Data[96] | Data[97] | Data[98] | Data[99]
HS 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Rjoj I S I B S e B R o B B B 2 mm | we FH | 2% | A= | spar | spar
# e | & | ¢ |AE| W | W | | 5 | e | e
e 0x0O | OxO | OxO | OxO | OxO | OxO | OxO | OxO | OxO | OxO | 0OxO 0x0 0x0 0x0
- 1 2 3 4 5 6 7 8 9 A B C D E
2 | 22 | 228 | €2 | €2 | & | A | & | & | & | & | &
w5 || mlelrelrelmlmlmlrlsl mlr 2™
glalalalal Al lAalAalala |~ " |F
HS 15 16 17 18 19 20 21 22 23 24 25 26 27 28
o] spar | spar | spar | spar | spar | spar | spar | spar | spar | spar | spar | spar | spar | spar
° e e e e e e e e e e e e e e
0x0 Ox1 Ox1 Ox1 Ox1 Ox1 Ox1 Ox1 Ox1 Ox1 Ox1 Ox1
A= 0x18 | 0x19
F 0 1 2 3 4 5 6 7 A B C
i OxF | OxF | OxF | OxF | OxF | OxF | OxF | OxF | OxF | OxF | OxF | OxF | OxF | OxF
= F F F F F F F F F F F F F F
HS 43 44 45 46 47 48 49 50
Aol spare spare spare spare spare spare spare spare
e 0x2B 0x2C 0x2D 0x2E 0x2F 0x30 0x31 0x32
x5 OxFF OxFF OxFF OxFF OxFF OxFF OxFF OxFF
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- Aloj A
Hex | F]E[DJ2]2]o[5]1]6][6]9]5]2]5]0[3[o][]1]oJo]o]o
_ Versio Device
Al | Header Z10] 2AZA(012-2051-6695) oy N Data[0] | Dataln]
n o)
Field A |1
Header OxFE 1A
Z10] Byte ©¢] A%t 0xD2(210) Headerz gt
0102 A|Ist ZF2 4bitE st F20=2 AlAl
AXN=A | 010-2041-2873->0x20 0x41 0x28 0x73 - fleld ' o
& B
e AT A2 dit2 & Feo=z A
Version | 2.0 -> 0x20, 2.5 -> 0x25 3.0 -> 0x3 o SIS 9 4bi - -
& B
93 | 39 2 g
. Zo] ztj3h(219)-9(Header) = 210t &
o X
Data[n] ng z|t219byte Al glo]g 20])
- AR
(0000000100000910000000114090a0010090aq00109100000141000000111090001000000010040000 4019
0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 A
Datal[0O] | Data[l] | Datal2] | Data[3] | Datal4] | Data[5] | Data[6] | Data[7] | Data[8] | Datal9]
(00qQ10110000141000000114014000091410000041141{0001000000G0100Q 100010010000 100 11000 A 1A
0 B 0 C 0 D 0 E 0 F 1 0 1 1 1 2 1 3 1 \ 4
Data[10] | Data[11] | Data[12] | Data[13] | Data[14] | Data[15] | Data[16] | Data[17] | Data[18] | Data[19]
- Ao =
(0000001000000100000100100001001000014001/00000100000001000000014000000010000001010
0 1 0 2 0 9 0 9 0 9 0 8 0 8 0 8 0 8 0 A
Data[20] | Data[21] | Data[22] | Data[23] | Data[24] | Data[25] | Data[26] | Data[27] | Data[28] | Data[29]
(ag1011000010100000140010000100100001001/00010001400401000100014000 1400010001000 10001
0 B 0 A 0 A 0 9 0 9 1 1 1 1 1 1 1 1 1 1
Data[30] | Data[31] | Data[32] | Data[33] | Data[34] | Data[35] | Data[36] | Data[37] | Data[38] | Data[39]
[ steret 2% ]
(0000000a0000000a0a0000a000gao000agqaoaqqagaogaaaoqogaaaaqogqaoaaqagqaqgogaaaaaaagaa
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Data[40] | Data[41] | Data[42] | Data[43] | Data[44] | Data[45] | Data[46] | Data[47] | Data[48] | Data[49]
(00000000000000000000a0a000a0aqqaaao00gagaaaqqgagao0qgaaaogqaoaaaogqaaaagqaaaogqagaaaaq
0 0 0 0 0 0 0 0 0 \ 0 0 0 0 0 0 0 0 0 0 0
Data[50] | Data[51] | Data[52] | Data[53] | Data[54] | Data[55] | Data[56] | Data[57] | Data[58] | Data[59]
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[ et A4 ]
(00000000000000000000000000000000000000000000000000000000000000000000000000AQ0AAQAQ
0 0 0 0 0 0 0 0 0 \ 0 0 0 0 0 0 0 0 0 0 0
Data[60] | Data[61] | Data[62] | Data[63] | Data[64] | Data[65] | Data[66] | Data[67] | Data[68] | Data[69]
000000000000000000000000000000000000000000000000000000Q0000000AG000AG00A0000000AQ0QQAQq
0 0 0 0 0 0 0 0 0 \ 0 0 0 0 0 0 0 0 0 0 0
Data[70] | Data[71] | Data[72] | Data[73] | Data[74] | Data[75] | Data[76] | Data[77] | Data[78] | Data[79]

[ BeAlol FH ]
(00000001000000014000000000000000000000000{0000G0G1A000000100000000000G00010000000A0
0 1 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0
Data[80] | Data[81] | Data[82] | Data[83] | Data[84] | Data[85] | Data[86] | Data[87] | Data[88] | Data[89]
(000000010000000140000000100000000000000000000000000000000000000010000000 400000001
0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1
Data[90] | Data[91] | Data[92] | Data[93] | Data[94] | Data[95] | Data[96] | Data[97] | Data[98] | Data[99]

[ &R FH ]
Aoj2 Alo13 Alol4
A £ E Al B Al E A A ] e | =&
oJi1JoJirJoJirJoJoJoJoJoJoJoJoJoJ1Jo[1JoJoJoJ1Jo]1
Data Data Data Data Data Data Data Data Data Data Data Data
[100] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111]
Alo16 Ao 7 Aloi8
A] B ES Al 2 | = e ES A ] 2 | =
oJ1JoJtJoJiJoJoJoJoJoJoJoJoJoJi1JoJ1JoJoJoJt1JoTJu1
Data Data Data Data Data Data Data Data Data Data Data Data
[112] [113] [114] [115] [116] [117] [118] [119] [120] [121] [122] [123]
Aol 10 Aof11 A12
Al 2 E A 2 | = N H A ] e | =
oJ1JofJt1JoJ1JoJoJoJoJoJoJoJoJoJtJoJi1JoJoJoJ1]o]1
Data Data Data Data Data Data Data Data Data Data Data Data
[124] [125] [126] [127] [128] [129] [130] [131] [132] [133] [134] [135]
[ ARIAE FHE ]
Alo12 Alo]3 Alo14
A 2 = A g | = A = A e [ =
o1 JoJ1JoJtJoJoJoJoJoJoJoJoJoJ1JoJ1JoJoJoJ1JoTJu
Data Data Data Data Data Data Data Data Data Data Data Data

[160] [161]

[163]

[164]

[166]

[167]

[169] [170]
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o1 JoJ1JoJ1JoJoJoJoJoJoJoJoJoJ1JoJtJoJoJoJ1JoJ1
Data Data Data Data Data Data Data Data Data Data Data Data
[172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] [183]
Alof11 Alof12
Al £ B A g E A ] e | & A ] e | =&
oJ1JoJ1JoJ1JoJoJoJoJoJoJoJoJoJiJoJ1iJoJoJoJ1Jo]1
Data Data Data Data Data Data Data Data Data Data Data Data[195
[184] [185] [186] [187] [188] [189] [190] [191] [192] [193] [194] ]
Alof15 Alof16

>
A
by
>
e
N
S
"
R
>
N
R

o1 JoJi1JoJi1JoJoJoJoJoJoJoJoJoJtJoJ1JoJoJo]1Jo]1
Data Data Data Data Data Data Data Data Data Data Data Data
[196] | [197] [198] [199] [200] | [201] | [202] [203] | [204] [205] [206] [207]

@) B2 E=$ U oAFY =g
void main ()

{int16 idx_id ;

init_system () ;

for(idx_id = eeprom_base ; idx_id <= 700 ; idx_id ++)
{
write_eeprom(idx_id,0xFF) ;
i
forG) {
stand_by 0 ;
if(btRX_cp_max485) {
btRX_cp_max485 = 0 ;
if(RX_ADD == (ADD+0x10)) {
if(RX_CMD == (SPR+0x10)) { set_parameter() ; }
else if(RX_CMD == (STP+0x10)) { }
else if(RX_CMD == (SCR+0x10)) { cnt_parameter () : }
else if(RX_CMD == (RCR+0x10))
{
remote_cnt_parameter () ;
}

else if(RX_CMD == (CCR+0x10)) {
cont_data_serve O ;
delay_ms(30) ;
MAX485_TX ; delay_us(500) ;
for (idx_id = 0 ; idx_id <= tot_data ; idx_id++)
{ fputc (tx_data [idx_id]) ; }
delay_ms(50) ; MAX485_RX ;

} Router. Control Unit?t Flow Chart

else {
if(pre_chk) { data_serve() ; }
else { pre_data_serve() ; }
delay_ms(30) ;
MAX485_TX ; delay_us(500) ;
for (idx_id = O ; idx_id <= tot_data ; idx_id++) { fputc (tx_data [idx_id]) ; }
delay_ms(50) ; MAX485_RX ;
}
}
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on_sig_reset () ;
off_sig_reset () ;
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Forecasted Forecasted Forecasted %

LW (Hrs)  Wet Temp () DI =Inf Inf > 0.25
09/4/22 2 53 179032 01430335 no
09/4/23 11 4.8 167216 01581364 no
09/4/24 O 178 182 01394339 no
09/4/25 13 12 -13832  0.2004956 no
09/4/26 3 6.9 178136 01441353 no
09/5/17 22 139 -0.06376 027612601  spray
09/5/18 10 8.9 15708 017210238 no
09/5/19 a 101 170688 015356883 no
09/5/20 11 139 139188 01991078 no
09/5/21 12 158 128912 02160018 no
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Plot1l | —— a Plot1 | —F 1 a
Plot2 | —— a Plot2 | ——— a
Control | —— a Control ——— a
200 2005 201 2015 202 2025 6.5 7 7.5 1 85 9 9.5
Leaf area (mm) Leaf number
Leaf chlorophyll content (SPAD) a
Plot1 | —F—— 3 oty | =
Plot2 | ———1— a Plot 2 - a
Control . —3— a Control H- a
16 g 40 42 a4 a6 0 5 10 15 20
SPAD value Root length (em)
I3 69. AN g EutE x7] AR 24 Plot 1: AllA AX] 24 (USEM), Plot 2: AllA]
AR A (Vaisala), Control: AA] O]dXx] &AL
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Plot1 —H— a Mot 1 H- a
Plot 2 H— a Plot 2 = a
Control | = a Control - a
110 1;—3 150 I.l.tl] 1';0 5..0 5.-5 6..[:- 6.5
Fruit weight (g)

7.0
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I 73. MAo] w2 EOtE Fato] 1hE
(USEM),

2 AR BA Plot 1: AlA AR &4
Plot 2: AlA A% €Al (Vaisala), Control: AlA DJAx] &Al

@ AXol e 2o PP BA (wh)

- AlMZE A" AR A ojER] 2A0A EOtES AfEistYlE o, EORES] Pt TEE
2R3 Aubs B 19 29 2o} A7(H2)9] H9, FEE 1.49 ~1.51 kg/em? 2 UEhton,
YEL 6.7-6.8 °Brix 2 XALE o] AN Mz 920 w2 SAA Gojxt ®olx] ororct,

- Zato] Qo AlA AX] 2AloA= AErt 1.42 ~1.43 kg/cm? 2 UERFOO, AlA 04X

LAAE AE7F 1.36 kg/cm? 2 UERGCH dels M AR 2AloA 6.6~6.7 °Brix &
Ao, AN o]dA] Ao E

A

6.3 Brix = ZAEIQICH Fate] A9 ARe g RS
o2 Qo) ol 2AastA LpehdTh

3} 10. Characteristics in fruit quality of cherry tomato 'Minichal’ by suppling amount of
nutrient solution.

Treatment plot Fruit firmness Sugar content
P (kg/em?) (°Brix)
Plot 1 1.51 a 6.8 a’
Plot 2 149 a 6.7 a
Control 1.50 a 6.8 a
YMean separation within columns by Duncan's multiple range test at 5% level
Plot 1: AlA] AX] &A(USEM)

Plot 2: AA] AX] &A1 (Vaisala), Control: AA] O]AdX]
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R 11. Characteristics in fruit quality of tomato ‘Momotaro’ by suppling amount of
nutrient solution.

Treatment plot Fruit ﬁrmzness Sugaor content
(kg/em”) ("Brix)
Plot 1 1.42 a 6.6 a¥
Plot 2 143 a 67 a
Control 1.36 ab 6.3 ab

YMean separation within columns by Duncan's multiple range test at 5% level
Plot 1: AlA ARX] &A(USEM), Plot 2: AA] AX] &A1 (Vaisala), Control: AlA] O]AdR] Al

® ANl e o AUY R FAY B

- A7 RS 243 AA o] dR] 2AoA EOtES AfEichS o, Akt dEE d A
A 5= A Alee 23 (W)Y 4= ®10, $349 [+ = 49 ot AlAo] &
EUES] Fo4gdd AT 23 A7H(HE)e] 49= Al ojAdX] %*E‘OM Aefgt A2
10,010 kg.10a ‘o] o™, USEM1} Vaisala®] ADLE A7} AR|E Alo)|A zjufsl E0tE
o] & o 77+ 10,089 kg.10a™' 9 10,104 kg.10a™' o= uramq. Zalo] Ao A
O R 2AIoA] Ajujst 22 14,400 kg.10a'o]Ql o, USEMu}t Vaisala®l ADIE XA 7}
MRlE 2AoA AujE EntEo] & SeFo 7k7F 14,850 kg.10a™! 9 14,820 kg.10a™! o2
LB

- AEES A (S B 2% AIANZF ARjE AoA RjuiE Zo] of 5%4 =7 e
wou, Zuto] FL Z|duty FFu|E, viEA ol WA 1wl vlgo] AN MR 2
Ao Al oFgtal Forout AR FoAt= gl

R 12. Characteristics in yield of cherry tomato 'Minichal’ by suppling amount of
nutrient solution.

Total yield Marketable yield Marketable fruit
Treatment plot 4 1 .
(kg-10a™) (kg-10a™) ratio (%)
Plot 1 10,089 a 9,092 a 90.1
Plot 2 10,104 a 9,096 a 90.0
Control 10,010 a 8,509 a 85.1

Plot 1: AlA ARX] &A(USEM), Plot 2: XA} ARX] &A] (Vaisala), Control: AlAl O]AdR] Al

L=
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R 13. Characteristics in yield of tomato 'Momotaro’ by suppling amount of nutrient

solution.

Total yield
Treatment plot o’ yie

Marketable Marketable Malformed Small fruit Blossom-rot

(kg10a™)  yield(kg-10a™) fruit ratio(%) fruit ratio(%) ratio’(%)  ratio(%)
Plot 1 14,850 13,365 a 90.0 5.0 5.4 1.8
Plot 2 14,820 a 13,339 a 90.2 4.9 5.6 1.9
Control 14,400 ab 12,242 b 85.1 4.8 5.8 2.1
Small fruit : <100g

YMean separation within columns by Duncan's multiple range test at 5% level

Plot 1: AlAl AX] 2A1(USEM),

Plot 2: AA] ARX] &A1 (Vaisala), Control: AMA] O]AdX] &Al.
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1) A my AlA
- model : UE-3023

- range : 0 ~ -100kPa
- length : 10m

2) 255 AlA
- model : UE-H100

- range : —-20 ~ 80°C, O ~ 100RH
- length : 3m

3) A& AlA
- model : UE-T100
- range : -20 ~ 70°C
- length : 7~10m

4) F=F AlA
- model : UE-150

- range : 0 ~ 2,000pmol
- length : 5m
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5) AAF AlA
- model : UE-130
- range : 0 ~ 2,500w/m’
— length : 5m

6) EY e AlA
- model : UE-MO05
- range : 0~50%vol
- length : 5m

7) A AlA
- model : UE-6420
- range : O(Dry) ~ 15(Wet)
— length : 10m

8) TFTE AA

- model : UE-6410

- range : 3% 0 ~ 360°
% 1 ~ 67m/s

- length : 10m
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