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Output: Electiical conductivity(EC)
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) input: lon concentration (meq unit)
Fig.1. A typical structure of a multilayer percep

tron neural network. Fig.5 A selected neural network for EC prediction.

W =574

Estimated EC (mS/cm)

Desired EC (mSicm)

Fig.6. Comparisions among desired EC and
trained one after 200, 1000, 3000, 5000
and 10000 learning cycles.
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o D.H. Jung, D. Kim, HI Yoon, K.S. Park, JE. Son* (2016) Modelling of canopy
photosynthetic rate of Heuk romaine lettuce with COZ2 concentration and growth
stage. Hort. Environ. Biotechnol. (accepted)

o MK. Cha, Y.A. Jeon, J.E. Son, Y.Y. Cho (2016) Development of Planting-density
Growth Harvest (PGH) Charts for Quinoa and Sowthistle Grown Hydroponically in
Closed-type Plant Production Systems. Hort. Environ. Biotechnol. 57:213-218.

o K.S. Park, SK. Kim, Y.Y. Cho, MK. Cha, D.H. Jung, JE. Son* (2016) A coupled



model of photosynthesis and stomatal conductance for the ice plant, a facultative
CAM plant. Hort. Environ. Biotechnol. 57:259-256.

o K.S. Park, K. Bekhzod, J.K. Kwon, J.E. Son* (2016) Development of a coupled
photosynthetic model of basil hydroponically grown in plant factories Hortic.
Environ. Biotechnol. 57:20-26.

o JS. Kim, W.H. Kang, TI Ahn, JH. Shin, J.E. Son* (2016) Real-time, precise
measurement method of fresh weight of lettuce with growth stage in a plant
factory using nutrient film technique. Korean. J. Hortic. Sci. Technol. 33:77-83.

o W.H. Kang, F. Jang, KS Park, JE. Son* (2016) Improvement of canopy light
distribution, photosynthesis, and growth of lettuce using diffuse glass in LED plant
factory. Korean J. Hortic. Sci. Technol. 33:84-93.

o JH. Shin, JE. Son* (2016) Application of a modified irrigation method using
compensated value of accumulated radiation with substrate moisture content and
electrical conductivity in soilless culture of paprika. Sci. Hortic. 198:170-175.

o JJH. Shin, J.E. Son* (2015) Development of a real-time irrigation control system
considering transpiration, substrate electrical conductivity, and drainage rate of
nutrient solutions in soilless culture of Paprika. Eur. J. Hortic. Sci. (eJHS) 80:271-279.

o D.H. Jung, Y.Y, Cho, JE. Son* (2015 Development of two-variable spatial leaf
photosynthetic models of lewin mango grown in greenhouse. Proteced Hortic. Plant
Factory 24:161-166

o JH. Shin, J.S. Park, J.E. Son* (2014) Estimating the actual transpiration rate with
compensated levels of accumulated radiation for the efficient irrigation of soilless
cultures of paprika plants. Agr. Water Manage. 135:9-18.
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ezSDK o] /H Xﬂ e = BE HolEHES Entity2 ZF Entity= Keyel Valueo] o=z FA4%H
T 9lew 7z} Entitys= Typeolgh=s £4< 7FAaL ok o]k 22 Type?
EntityE2] 33 Collection(Z g )oleta st} tha-2 Fet Entityo] ojlAlo]th

(\}) Property

Entityel &3le $AES AAsHe @ol2 s Entitys o8 £4& 7Hd & Qioh &
R E AHEA7E Custom® & QUTh
Property Type A
id id Entity®] 1f id=2 AsHFodch
type string Entitye] B}l o2 wt=A] A o= of g}
name string Entitye] 3
(th type

Z} entity:= typeolghi= < propertyS 7FR| 2l om o] 23k typed collection?] o] &
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< AAsH typed HEFFLSE AA HT = sensorgte types 7HXI entity=
= collectionel] &31A Ao
type collection A4
sensor /sensors A A 5
control [controls Ao A B

(b ezSDK REST API
ezAPI= A|&3h= Entity, Collection®} tf& dlolg o HT3t7] 91§ REST 7|¥ke] F+x2&
Agshy ZF A¢ES URL AZ=2 ATk application W ol 4=GET/POST/PUT/DELETE<}

Z22 HTTP Wit E

g3l 7k URLE Hojglt

ol-&3t H 7Fed 9 #¥ Entity Aotk

APIE Z=38H €oh

The2 APIE

entity collection A
sensor /sensors sensor entity
control /controls control entity
olg] Hlo]E2 7 entityoll #3F endpointe] of Al o]t
m Sensor
method uri content type &
GET [sensors/{id} application/json MM EH 3k 23]
[sensors/{id}?
GET fromdate&todat application/json 71ZP8 AASAGE =3
e
m Control
method uri content type W&
[controls/{id}?
GET fromdate&todat application/json Aojoly =3
e
[controls/{id}? L .
POST | oo qument application/json | ZH] A o]

m AAHE Aqu] 2
A5 oJE Aol oA AntE Ho] ZF AAHRE Z3IT 4 Ut
EzSmartSensor E#]~7} @43ich

EzSmartSensor &2 2=

“Sensor

“sensor” entityE 3| 4 JTh
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> AR B 7FA 2 7](get)
EzSmartSensor entity = new EzSmartSensor ();
entity.setld(id); /I Sensor<] uid
entity.getiInFarm(

new EzCallback<EzGroup>0 {

@Qverride

public void onException(EzException e) {
/I A9}

@Override
public void onResponse(EzGroup response) {
if (response != null) {
3%

String path = response.getPathQ; // Group path

D;

m 7357 Ao
> 757 A E 4 H(post)
EzControl entity = new EzControlQ

entity.setArgument(argument); // ¥4H3stel= AAH K QA=A

entity.addInFarm(
new EzCallback<EzContol>0f

@Qverride

public void onException(EzException e) {
/12 5}

@Override
public void onResponse(EzEntity response) {
if (response != null) {
3%
I A8 dg 4 Ak
String controlResult = response.getControlResultQ

D;
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>> 7871 Aofol H =3 (get)

EzControl entity = new EzControlQ

entity.setFromdate(fromdate) // Y &3lzl= AR
entity.setFromdate(fromdate) // Y&H3sHE AAH R

entity.addinFarm(

new EzCallback<EzContol>(){

@Qverride

public void onException(EzException e) {

EE

@Qverride

public void onResponse(EzEntity response) {

if (response != null) {

I8

I Ao x 4 A4 Ak
String controlResult = response.getControlResultQ

n AH2EE

@ Sensor AJH] A~

method uri content type &

GET [sensors/{id} application/json | Al A SA 3k %3]
[sensors/{id}? _

GET application/json | 7]ZHE Aoj=H gk x3
fromdate&todate PP ] ] ASAR =3

@ Control A1H] 2>
method uri content type &

GET | /controls/tidi? application/json | Alojo]d =3
fromdate&todate pb ] o
[controls/{id}? ot [ 1 al 13

POST |, qument application/json | v A HH Y
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method uri content type W&
GET [algorithm/{id} application/json al | 3]

POST | /algorithm

application/json

K]
M

PUT [algorithm/{id}

application/json

o2

DELETE | /algorithm/{id}

application/json

N | TN u&i ul |\
=

D 4y [0 | I
ol

2

o

1| e | e | ne
|
o

@ EYE Y Mulx

method uri content type U&
/monitoring/{info
GET _id}?fromdate&t application/json EUHY HARZS
odate
© B0 AE| 2
method uri content type &
Th=o] %3

age}

GET /language/{langu

application/json

(korean, english)

method uri content type Ul
GET [template/{id} application/json HZ 3 %3]
POST | /template/tid} application/json A8 "HEFE 2HA
@ AEHR AH 2
method uri content type W&
GET /map/latitude application/json AEARE X330
GET /map/longitude application/json AEAHRE x33th
/map?latitude&]l o AE, A= EE dE3
POET ongitude application/json 9
o Tao N/EARE
GET /map/doname application/json =550
. o FAh AN[TTF HAERE
GET /map/siname application/json e
o FaY F/H/E BRE
GET /map/dongname application/json =550

>

® 7]

P A 2

O:
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method uri content type &
/weather?fromd T T S
GET ate&todate application/json IR AR E 3|3t}

© =viAR7EA G H AR

method uri content type W&
[price/{code}? FEAsd mE =
GET fromdate&todat application/json %
e AR RE =3t

method uri content type W&
GET {je}lmount/ {farm_i application/json | &% Z3IFAHHR Z3]
POST | /amount/ application/json | &% ZSIHAHE 4
@ WHFAHE A8l
method uri content type W&
GET é?isease/ {farm_i application/json | HalFAH R =3
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v o)l ATHAIYd 24AFZA 7] HW 3 SW &4

(D 245gqA 7] HW 4=

ShEdlol ol znE,

LELAVE BAE StEYO(FRIRE), A/D put =&, L o]

Output =&, Isolation Input &= FA4E

LAN

USB otg

usB

Control Box & Box
A/D Module Relay Module oo [ 220v: 24v 100w
A/D input : Bchs Relay output : 8ch |  Bich 1 l Troidal Transformer
Max 1 o (Max e nput & 3
| (Max16modules) | | | L ...,
I Magnetic S/W #n
A/D Input 8chs Isolation Input &chs | Relay Qutput 8chs Max. Bx17=136chs
CANZ.0 Counter 2chs i
Rs-232 RTC | isofation Input Terminal Block (TGt Dovice )
4keys Input TFT-LCD & Touch 4~20mA

[
- Analog Input Terminal Block 1-74-
HDMI L

SD card Potential(VR)

Audio

Power SMPS 100WE |

<R ZHF SAA 7] st=do HAATFA >

b Wo]2=HE
@€ FFBHE MCUSH AD 4, Isolation 1%, Relay %, RS232, 712l CANSA
ToE T4 Yok
Cubeiboard2 - RTC : 12C Interface, with Backup Battery
Expansion - RS-232 : 3chs
- Buzzer

- Keypad : 4keys(Tact Switch)
- Digital TFT-LCD & Touch Screen Interface
- LVDS Type TFT-LCD Interface

- Isolation Digital Input : 8chs, 24V input level

- Analog Input : 8chs, 4~20mA, Volatage(5V range),
Thermistor(NTC 10K), Potential Input

- Relay Output : 8chs, Magnetic SW On/Off Output,
AC24V 0.5A

- 16bits Counter : 2chs, 24V input level

- RS-232 : 2chs
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(bh) AID RE RE

ZF 25L& CAN 2.0BE A H3t=
Cortex-M3& 7|Wto 2 3

- 4bits Local ID Setting

A/D Converter Input

- Channel Num : 8
- Resolution : 12bits
- Input Range : 5V

- RS-232 : 2chs

! Low Pass |
| Filker#1

Low Pass
Filtere8

Vref 2.5V

dabits Local

10 Satting Auy Memory

E

& 110

CAD REREO A >

Analog

GonpectorMap HYs Potential Input | Thermistor Input 4~20mA Input
(O] +sv
AIN+
O| AIN-(G) % % < %
>
© © + ©
o v JMPI - Open JMP1 : Open JMP1 - Open JMPI1 - Close
J - Open - Open : Close - Open
MP2 JMP2 - O JMP2 - O JMP2 - ClI JMP2 - O
_m_;Mm IMP3 : Close JMP3 : Close JMP3 : Close JMP3 : Open

<AAe FHEH ME ADYY HEsbs >

(th €do] H=

Cortex-M3E 7|Wto 2 3

7zt 252 CAN 2.0BS A3l

- 4bits Local ID Setting

Relay Output

- Channel Num : 8

(Magnetic SW on/off)

- RS-232 : 2chs

nz A3
$ ] Relay 1 |
=5
| h Relayt8

Abits Local 1D Setting

<

dgo] BE=9o] FA >
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(2}) Isolation YHEHE
Zt R 52 CAN 2.0BS A Ydt=

Cortex-M3E 7|Wto 2 3

- 4bits Local ID Setting

- Channel Num : 8

[solation Input - Input Voltage : up to 24V
- Logic “H” : = 3.5V
Bz AA - RS-232 : 2chs
‘ latore ] h—

Isolatord8

E‘ 4bits Local ID Setting

< Isolation YHEHE FA4 >

(2) 2ATEAA7] SIW 8=
AXESo]= User Interface Layer, Business Logic Layer, Data Access LayerZ ¥t}

LEEF0 F4E

User Web Server
Interface

Layer

REST / JSON Web Server Framework

GOS (RHETMNAW TTARS 3 Mg U1 W o{o] oW 2T ©H)
Operating Algorithm

Business libuy btp3 Mosqhte3

Logic

Layer GCG (E4NTHOSWOD|, TTA 52 1,23 48)

Device Management
libuv libtpl kbtp2 kbtp3
Sensor Node Actuator Node

Data
Access Cboervation Management Actuator Control
Layer libtpl libtp2

CMLE ZHE AA 7] AZE O] AAFA >

(7D User Interface Layer
(D REST/JSON
REST+= ROA (Resource Oriented Architecture)E w2 §§ Au]x ol7|dxz 24
S3tAo]7]12] User Interface Layer= REST®W ]S AL-83le] HTTP Method 2 39 A
H=E JSON 4oz A 3dth

- 131 -



O %% 3 &4
Order | HTTP Verb Path Action Used for
1 GET [farm show display farm information
2 PUT [farm update update farm information
3 GET [farm/fields/:id show display information of a field
4 POST [farm/fields add add a greenhouse
5 PUT [farm/fields/:id update update greenhouse information
6 DELETE [farm/fields/:id delete delete a greenhouse
O ZHl(AA | AFelolH)
Order | HTTP Verb Path Action Used for
1 GET /farm/devices(/:id) show display al} devices in a farm
(or a device)
2 POST [farm/devices add add a device
3 PUT /farm/devices/:id update | update device information
4 DELETE | /farm/devices/:id delete delete a  device
5 GET [farm/devices(/:id)/st show dlsp.lay status of all (or a)
atus devices
6 GET /farm/devicemap show dlsp.lay relatlop s between
devices and fields
7 PUT [farm/devicemap update update the relations
GET [catalog/devices show display lists of devices
O 7174385
Order | HTTP Verb Path Action Used for
1 GET [weather show display local weather
/weather?q=querystri
2 GET ng&offset=0s&limit=1 search search weather history
m
O 2ASHBR
Order | HTTP Verb Path Action Used for
) display environments of a
1 GET /environment show
greenhouse
/environment?q=que )
. search environments of
2 GET rystring&offset=0s&l | search
O Sensors
imit=Im
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O 247 H A A H

Order | HTTP Verb Path Action Used for
: id?
1 POST /cor_ltroll.actuator_ld. execute execute an actuator manually
arg=argument
2 PUT /cont.rollzactuator_ld/ update make continue the execution
:execid
[/control/history?q=qu
3 GET erystring&offset=0s | search search history of actuators
&limit=lm
O 24AEA & AR
Order | HTTP Verb Path Action Used for
1 GET Iules show display rules for greenhouse
control
2 POST [rules add add a rule
3 PUT [frules/:id update update a rule

@ Web Server Framwork

D lo] = I(WWW:World Wide Web) AHE AZE AR A
Apache | ANA JPF Bol AEEM QEA2 goldid off FED

w5 o

ol HE|~E A4 AoJHIMLe| EFEo] Eaals ~adH
PHP dojz WMo A HAglo] HIML BA o] =4 =FA7

AL @32 20) T

3N A0 BAEF dolgHlol 2~ #e] A ZEI(RDBMS). wf-¢-
MySQL |23, §este, A8 49H obuk|(Apache) A e,

MySQL, PHP 23 E dlojs} 45 A%Fo] Feth

(1} Business Logic Layer

< GOS(24 &9 Az'Det GCG(24A B Ao7De A #A4= >
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O GOS(&A &+ Alz=8het GCG(=4 T Ao7De] Al 74 =

@ libtp3 : LAEZA71(GCGHEF TTA3 ©lolg A S o]&3te] AA AR
o 757 ARE HG vy 75 HHES A g
@ Dummy algorithm : 23 €52 7|EFo =2 3733 7S Aojss &
GOS A==
@ Ul Interface : webo. 2 RE HAd® WaL LAdA~8oz AYsiy
ABE HolEH o~ Tl UE AE3ch
@ data manager : dlo]ElH|o]| ~E #g I}
@ libtpl : TTAle] H&H MA =t RE AA AR} dHolHE £t
@ libtp2 : TTA27} #g9 T57) =29 A8 YRE HA$ L2 7572 A
o] gt}
O 1) tibtp3 - TTAL TTA2Z 2B #%8 AnE £42YN RGO ™
ole] AS MLt 2AEJAIEGO9NA AEdd 5 HES 7571
LES AY T
O 24EIAN=’(GOSH 24 FAAA7I(GCG) Atolo] FAltef gholHelE)
@ ttap3_base : TTA P3 WlAlA] F+2E A& 5 Y= dolg g9, A 2
. s Aot
23%)3 @ ttap3_util : libtp3 tolB e gjolA A& FHEE 3 2 #H HolH
o bl S B3t
;g) @ ttap3_process : TTA P3 wWAA] AHelE& 13 9 4 #AH dolE EFY
B 9 352 Aol
© ttap3_gcg : AT A A7IAA AT APIE A gt
© ttap3_gos : 2A-EFYA=HANA AHET APIE A 9|3t
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(7b DDHHE AAE 3 2rtERZ A S/W 75 2 A

13 7% 23} 7% 3z 7% ek
AuZtg R0 | AHzg R AR | w4 Axste 7 AulEdd °
#e e 3 7l E2 O ARE #E g
tlolE] MR 9 | B3 7} Al tigh Thdgt MEk
LA AR QI | g gupd oA HHS %alf&ﬁ}
DDIME | o oigy wa g 2z gae] R o
Al g Fele] WBA 2 g
oy ¥ .
XA AAE T8 FES AR
= sl
AR AAE | - Aol Z+ Aol g AAE
2] A ANE | yne woug
oo [ =]
(5) AHFAAE AE|H o] FFF
o] & A
id AFAAE id
filed_id A9 id
priority ZAsAAE A
period AsAAE AET7
action group case A AE Z}Eotr(true/false)
et = actuator_id A& id
(AFA o = argument Aols2 TE(Ed, 29)
AEUHAE I5) time T&7] AEARE
condition group spqn AsAANE AE71T
(A1 A o] sensor_id XPEXﬂﬂ% 28 AlA id
orlT= operator AR >, <, <=, >=, =)
o2 ARIF) argumnet ASANE AEEHG
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295} 482 29 ARSI E B B A7HY A7 FA FepeE 2UHY
9 Bl AzHolq FosA Bl @ REoVE stk e Aus 89
2o dd AT BAE Auls 2 28 Aulzs Zeece BeE AW
Belat 29, FoeE Qg ATANAT @ Aea TP FAUCD Zes
= BeA TYY SRS ASA LR P9 FHSE Azme} Aus GO ¥
FAVNE AW AR AEATL e LA 20 A7) @B Aulz B
Jqoz

Admin User Application Service
Portal Portal -

Cloud Manager Platform Service

Cloud Platform

Hypervisor

Physical Hardware
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Controller Node 1 Block Storage Nodel
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CDmDINdl/ \\Cmptmd

‘ = 2 [
i s A N 4

Management netwark @) Fublic network
192168.0.0/24 = 14746223174

< Zepolyl FeH9E WENT T HA O

AFE v 7MstE A Wskes stolHuto| A S AEP st Al zolth 7 HAl
o) ehol LAl (WA, Y], 2AEY $)¢ BBh WEe AESH It WE
2 FAEE Zo] dRtdoln, 7Hd w2 stEfoE FAET. A A ECNE 270
2 FAIH JAN dAlme 8o Eol=d Ao HAHIJH
e H2ES Zetolll ZeeE TEo AHgH Sssole] 2¥oz, 9y Ay 3
g, Edol=8 AW U= FAHEHAUT H2E xgtolbl 9= dolH AEE A
erjstm no] oA 28 et AP T3

CPU Intel(R) Xeon(R) Processor E3-1220

NIC One Broadcom 5716 dual-port Gigabit Ethernet

RAM 16GB w22 (2X8GB) 1333MHz F<¢ == LV UDIMM ZZ A A])

HDD 500GB 3.5-inch 7.2K RPM SATA II Hard Drive - Non Hotplug

ODD 8x SATA slim DVD-ROM Drive

<A™ Aue 2>

CPU NE®F | TMI7-37703E Z A| A

M/B Intel®Q77 Express Chipset

RAM 16GB 2133MHz DDR3 # %2] Non-ECC

HDD 500GB x 2 3.591 ]2 EATA(7,200Rpm)sl == 2fo] B

NIC Integrated Intel(R) 82579LM Gigabitl Ethernet LAN 10/100/1000

< EHol=d AW 24 5
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ebio@ebioctrl:~$ openstack service list

B temmm s tommm e +

| ID | Name | Type

B D tommm e +

| 423f6156beb2412e8f6d447d4e302d5f | nova | compute |

| 4c748275e8e044829cfbf78536aa0d65 | keystone | identity

| a3e35037cc414cPObO55a120cce3bs7f | glance | image |

| ba9cf9fa783b4624806974175bb3b77e | neutron | network |

e tommm e m - B +
< Zgtolyl Feh¢E ARl HIEWE S

HaEg majolul Zeeso] ALAL 7 Auze dE ALAe} admin, 121
2 HAE 98 ALA eboz TASAT.

ebio@ebioctrl:~$ openstack user list

o e o e e e e e +
| ID | Name |
R e +
| 243e797T86718462e82e24456ca8296fb | glance |
| 59998556T6T94cb5bd8c5e7d67c38709 | neutron

| sb29deze2e57443a3894f56Ffbd6bo70fd | nova |
| 7e38f767bc694e2aa8b7c55975c23bd8 | ebio |
| 8bss3fescs774845b2068f1ad46ce3d2 | admin |
B R +

< mejolyl FTSE AEA PAE D

olu|x] Au]xel FE2oE 2Z ~d HAER 0SQ cirros ¢ B Ao A A7
< 98 A8 OS <l ubuntu 16.04 L

| b6404ecf-12f2-4918-b54e-2e57aab9@6ff | ubuntu | active |
| 47bfc63f-7f59-42b4-9688-e3e838c72af6 | cirros | active |
e et R e et +

< zZgtoldl Fef-EoA AR oju]A] >

HEZY A5 HEHD ZACA wtgittiz Wi oz 192.168.10.0/24 tige T
sttt

ebio@ebloctrl:~$ openstack subnet list

e R B e e +
| ID | Name | Network [ Subnet |
P e e T e erer e e +
| c24065cf-4f23-4872-acif-cccOBef2el347 1 provider | 3d3dei6d-ab37-4a5f-adla-8e6ff7282636 | 192.168.16.0/24 [
focecsaascsasssnsssssaassiiacssacssassssnnfescnananssafosssassadassassssassansassssssssssnmnna $reainaandannssasi

<zl -9 HEYA >

A FPL 98l aiprojectztE ZEAEESE YA, Y ZEAEL JIAAHES
A2 2 HS RegionAl 2= HA o2 YA3HAT
ebio@ebioctrl:~S$ openstack preoject list

| 37d605f34bad4b659a7d71e63a98F196 | ailproject |
| 299716685b7c4911ad2ef1e688933ba8 | admin 1

e = - i ettt +
ebio@ebioctrl:~$ openstack region list

= ———— Fm Fm = ——_— +

| Region | Parent Region | Description |

Frm i e F= e +

| RegionAI | None | 1
Fommmm e m B e i B e +
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HAE A FHG ZEAESE o) 2009 AW A2HAE FANA AF
S AR OB 29AA oluAR YA, 1 A3E FAsHo

Ehlnﬂahlu(trl ~$ openstack server list

| befdcc39-73fc-41d1-93de-78fbac3abbc3 \ ainode-82 | ACTIVE | provider=192.168.16.104 | ubuntu
| 81f43e51-cca-40cd-b655-69Fa74136a3e \ ainode-01 | ACTIVE | provider=192.168.10.108 | cirros
e e R S A RS T A R G MR A R A A R T i i R S Pl DA R e +
ebiogebioctrl:-5 openstack server show a1nnde -82

0s-DCF:diskconfig AUTO
05-EXT-AZ:availability zone nova
05-EXT-STS:power_state Running
0S-EXT-5TS:task_state None
05-EXT-5TS:vm_state active
05-SRV-USG:launched_at 2616-11-23T04:39:38.000000
0S-SRV-UsG:terminated_at None
accessIPva
accessIPV6
addresses provider=192,168.10.104
config_drive
created 2616-11-23T04:38:547
flavor aiflavor (cad74f2a-34db-4c45-a688-6ec06c5989b1)
hostId a43bdccicaB3qba21besfo65b95b6d228060f F7bB27476bde016126b
id befdec39-73fc-41d1-93de-78fbac3abbe3
image ubuntu (b6464ecf-12f2-4918-bSde-2e57aabo06fF)
key_name aikey
name ainode-82
os-extended-volumes:volumes_attached | []
progress (]
project_id 37d685734bad4b659a7d71e63a967196
properties
security_groups [{u'name': u'default'}]
status ACTIVE
updated 2016-11-23T04:39:39Z
user_id 7e38f767bc69de2aa8b7c55975c23bds
S e e R S e R e R P +

Zxdlo] PARE HHx

= Ql |&Horizon)& H& F3l AFEAY T A7}
28le] 2P MH|AE o] &

Sefo
g 5 =S AHeR UAEs
B2

L

£ 5o o

th o] AH2E o] gdte] T H2ES Zloldl FRSE FdW tet 2
o FHS B £ ort. 729 H2ESR Zgoldl FESudiA Tt ge Ad2H
= o] -

Project

Compute

| e OvVETViEW

Limit Summary

B Y > @ !

Identity thed et 10 Useductze Uned vl ot s0c8 g0 o e e 1ot 8

Usage Summary

Select a period of time to query its usage:

Active Instances: 7 Active RAM: 505 This Period's VCPU-Hours: 60,57 This Period's GB-Hours: 1520 59 This Period's RAM-Hours: 174564 7
Instance Name. verus Disk RAM Time since created.
08 a

< zetolyl Fe9E HARE >
oExEe A AFHE Behol2g ol g3H V| RA FHPE 2Fe stk 1

Hu AHx AR A%, A4 BYS Fol REsY] wEo]
B3 Fete= xUL Adso B,
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<AHE =29 (Alyuda) @ 2Z A2~ grolB g (TensorFlow)E o] &3+ Qg A™ &5 Ao A3}
= ¥ >
=% 4% SPAD 319 SPAD &7] A7 Ela=Ea
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A 8 C D E F G H | | K L M| N 0
23801 ;"meas radiation”; meas qrh temp";'meas HD';'meas RH', radiation”, radiation sum","outside temp"
23802 VPISOBSTART PRG 47"VP9508:Cmp 4'VPIS08Crnp 47VPY508 Cmp 4'"VPISIBWEATHER RAD SENS'Y"VPSS0BWWEATHER RAD SENS';"VRISOBWEATHER"
3803 " Wim2'C g/ m3T % Wim2 ') emd' O
23804 16-11-2016 15:05:00:360.8,2412,5.9275:360.8,1015.215.9
23805/16-11-2016 151000:3638,416.0672.23638,10266:16.24
23806 16-11-2016 1515:00,378.6,24 18,634 71237861037 81163
23807 116-11-2016 15:20:00:320.8:24126471:32981047.216.38
13808 16-11-2016 1525:002506:23946.56:694:250 6105381632
23809 16-11-2016 1530:00:231.623 66:6.28705,231.6:1059.816.22

CW - o7 &3 GVt >

A 1] c | b E G | H | l J K L M

123034 datetime device id valve slab weigt drain welc Temp pH drain setti drain setti data coun water uptake
123035 2016-11-22 21:46 1 0 1147083 121133 18 null 3500 121133 10 094
123036 | 2016-11-22 2147 1 0 114685 1210 18 null 3500 1210 10 073
123037 2016-11-22 21:48 X 0 114688 1210 18 null 3500 1210 10 075
123038 2016-11-22 2149 1 0 114672 12108 18 null 3500 12108 10 068
123039 | 2016-11-22 21:50 1 0 11467.83 1210 18 null 3500 1210 10 082
123040 2016-11-22 21:51 d 0 114672 12108 18 null 3500 12108 10 112
123041 2016-11-22 21:52 1 0 1146533 1210 18 null 3500 1210 10 098
123042 2016-11-22 21:53 L 0 114648 1210 18 null 3500 1210 10 086
123043 ‘ 2016-11-22 21:54 1 0 1146283 1210 18 null 3500 1210 10 061
123044 2016-11-22 21:55 1 0 11462 1210 18 null 3500 1210 10 0.68
123045 2016-11-22 21:56 1 0 11462 12108 18 null 3500 12108 10 068
123046 2016-11-22 21:57 1 0 1146117 1210 18 null 3500 1210 10 056
123047 2016-11-22 21:58 1 0 1146133 1210 18 null 3500 1210 10 053
123048 2016-11-22 21:59 1 0 1146117 1210 18 null 3500 1210 10 042
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(4) S92 24 An) Ao A"l A A

) 78 715
4 o AoFuss || =
= &= zF =z o || =
78—1:]];(—]]0% o 27 %}xoﬂ rq"j’]' T — : =

2 Aol & 5 A
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o o]d ATFHAA 2AFLA71¢ AAIF DDAME A

2 B9 vlol 53 9@ Ao} ZeAlx et

Ethernet or 3G Http

K > € > <€ >

foT Hub Farm Cloud

|

5

I
I
I
|

@
¥

LRR

II

LoRa-Module

(2 OneM2M 9% 71& % Z2EF 9% 7]& (LoRa) 7i

O ZEEF
D oid
AFEQIEIYL & A A8 {0 2 481} o AAAEA = =R S-A(KISA)]
AFEQTE Yl fubo] 28 AAAEAF {0 2 481 1} & AAAEAE AAREATAKETD
o] T E 2

o &5 AEF Al | Alglg
. A
Prefix(KETIO A &) . . - W
0.2.481.1.1015201606210306 2B 2B 2B 4B

@ LoRa Address

- DevEUI - Device EUI - 64 bit end-device identifier, EUI-64 (unique) ::: LoRa ED(End
Device)e] #n] A g A-g3lH [EEE MAC Address® 718t 2 EUI-6482 wW33lo]
A&

- DevAddr - Device Address - 64bit EUI| A &}9] 4byteE FE3}] AL

- LoRaE A&3t= End Device?l 74-¢ WlA|A] T2 EZo| Sender ID ¥ Receiver IDE
AF831A] 2231 LoRa MAC®)| Device AddressE A A3t A%

@ A ZTEZEZ Message Frame

Header[5 Bytel Body[60 Byte]
Ms Ms ms sequence
84 & g g d Reserved payload
Code Type function number
1B 1B 1B 1B 1B 60B
Header Body
o Msg Msg msg sequence MRC avload
© Code Type function number pay
1B 1B 1B 1B 1B 60B
- 22 %3 97l Header[ Message Code] AE] %k
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Message Code Value A
registration 1 Zotute] 2~ FEE 913 wAA
read 2 Zetgntol 27 7HA AL e AW e o= WAIA
write 3 ZEttulel 27} 7Rl Y= ALY e AAHTE=E wAIA
observe 4 Zeptuto]l 271 7HA A e AHY s Basks #HAA
- =23 97 Header[ message Typel e} %k
message Type value A
request 1 LA A A]
response 2 S AlA]
notify 3 Zatrjulo] 2o A Z A o] E 9] o] £ F5h= B AL A A
ack 4 notify # A A] o) off &8 wil A A
- Z2 EZF 9% Header[ message Function] A&l Zk
message Function | value A
registration 1 =
registration update 2 =744
deregistration 3 FTE3A
sensing 4 Al 7
device status 5 T u}o] 224 El
control 6 A o
control status 7 A o] A 3=

- 2 EF 97l Header[ message response code(MRC)] 23} 4t

message

response value b
code
qE 0x0 ARHor & AYHAS
WA ZELF 0x1 WA X ZET} ZAEA LS
AALF 0x2 A A ofl B 2.3kl A gkl A R R 5 o] 9
7B Oxff 9o RESE
- 52 8% WAA et
message response code parameters A

5207

Gateway OID

22}HA| o] E 9 ©]OID

Device OID Zgtgute] 201D
- Al 8 vAlA gete
o] & Bt 4 o](byte) A
Al A 7] 4 integer 1 2R3t 1at=A A7) 4
SensorID integer 1 Z gkt upo] 2o A X = Al AID
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- A4 g AR e E

ol & Bt 4 o](byte) A
A A A % integer 1 S35t ast=Al A N
SensorID integer 1 Zalg)ulo] 2o A X" Al A 1D
SensingValue integer 2 A A 2 7B T3 A gk
- Ao} WAA BelE
ol & Etl | Aol(byte) ek
Ao HID integer 2 i::j j}: 888(1)
A o] 711D integer 1 01
Ao 71 e Y integer 1 A o) 71 ek (1:on/of FEFS), 2: B A EFQ))
A7 Z2ES integer 1 00
Zn ‘A S
A o] 124 o] integer 1 XOLH: :} j :0101 o A
ZulAlo} Ao o
Ao Al A integer n AnAo] (/Y)Y /A/HE/%[11,08,04,01,00,00])
[«1)17/10/10/05/30/30]
- Aojda M 7=
ol & Bt 4 o] (byte) k.
Aol g integer 1 1~162d 5=k
A o1 7 El integer 1 1 : Relay ON, 0 : Relay OFF
ex) 1 244 ON, 3 2id OFF - AR @ 4, Alojix v ¢ 01,01,03,00

- Observe W A]A| s}g}u]E

o= B4 2 o] (byte) a4
] 0x01:LoRa Sensor Node Al A} &2+
observe type integer 1 @

0x02:LoRa Actuator Node “d &l 32
observe time integer 2 Tz R 13 7] Uni

A TeEZe guAcl o Au HAMY 2E} go| ALwTH AojwH Dol
00041 A 0}], 01[EF A A]o 2 TRat AF&aT

Header Body
Aol q Aokl | Aolql
Mg | Mg | ™ | g | peey | 8| Ao | Ay | ROV | I
24 Al o | Type fndtio | , o £ b =) zee | A 2} o
n D S22l | mg
03 | ool | ox6 B B B B B B B | m | @F
Header Body
58 Aoig A7) | AR] | A
oe| CNi M8 finctio Siq”m MC | # ZﬂODW ZEZ] e | A4 | oA | o
w R D Tl | rl | e
0B | o | 006 B B B B B B B B “‘;%‘g
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- AAGABAR QA T2ESF
Header Body
sg . .
uence AA7 Sersing | Sensorl | Sensing
Notify Ay &Ngé Mg functio 4 Rﬁw j L SensorlD
Type " number Value D Value
O0x04 0x3 Ox04 1B 1B 1B 1B 2B 1B 2B
Header Body
Msg e sequence
Ak | oy | X functio MRC | Bank
Type n number
Ox04 Ox4 Ox04 1B 1B 60B
- SAETFRHFVIHE TE/8H ZEEZ
Header Body
= ence observe observe
24 ,a];\'] NBg N& HBg Sed Reserved . Blank
o Code Type function number type time
Ox04 Ox01 0x01 1B 1B 0x01 (60-3B
Header Body
ok = Msg Mg meg sequence
=] ,\i]/\ol Coce Type function 1 MRC Bank
Ox04 0x02 0x01 1B 1B 60B
- AugE AR 5H/$Y ZRES
Header Body
Devicel Devicel
g D D
)7
wy | Y T R Resrv | % 1 ensart | Bk | Gersor | Bk
Code Type number T
n actuator Jactuat
) o)
0x02 0x01 0x06 1B 1B 1B 1B 1B 1B 1B nB
Header Body
Devicel Devicel
msg 2y D D
== %1;1% Mg Mg functio . MRC 7 Cemsor/ | g | Semsor | AN
Code Type number +
n actuator factuat
) an)
0x02 Ox02 0x06 1B 1B 1B 1B 1B 1B 1B nB
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arm Cloud FaaSzt

N

A= API
-> Farm Clud FaaS API

g | 2

APl x5

POST

http://211.253.24.33:7599/
[31 2.]10.10.50.1/
+=110.10.10.1/
observereq

[2% body]

<?xml version="1.0" encoding="UTF-8"?>

<m2m:cin xmlns:m2m="http://www.onem2m.org/xml/protocols”
xmlns:xsi="“http://www.w3.0rg/2001/XMLSchema-instance “>

<con> = = & 2{0401011400013C0000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000
000000000000000000001</con>

</m2m:cin>

GET

http://211.253.24.33:7599/
[31 2.]10.10.50.1/
+=110.10.10.1/
observeres/latest

A x=]

Ba(E)F7]
%

[-3&% body]
<"’xml version=“1.0" encoding="UTF- 8“ standalone="yes“?>
<m2m:cin xmins:m2m="http://www.onem2m.org/xml/protocols”
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance
n=“4-20171101102754211BxfU“>

<pi>HJ9ImYabwqb</pi>

<ty A<Ity>

<ct>20171101T102754</ct>

<ripSkMz7XiUC-</ri>

<1t>20171101T102754</1t>

<et>20191101T012754</et>

<st>158</st>

<cs»130</cs>

<cr>10.10.10.4</cr>
<con>= = E £{040201d70000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000
000000000000000000001</con>
</m2m:cin>

POST

Al E]
el Al
5%
CEEETE:
ERRESED

http://211.253.24.33:7599/
[31.]10.10.50.1/
%==110.10.10.1/ctrlreq

(2% body]

<?xml version="1.0" encoding="UTF-8"?>

<m2m:cin xmins:m2m="http://www.onem2m.org/xml/protocols"
xmlns:xsi="“http://www.w3. orgIZOOllXMLSchema instance >

<con> X 2 EZ{0301061400000101010006110B010B161800000000000000
00000000000000000000000000000000000000000000000000000000000000
29020000090000000000]0 con>

m2m:cin

GET

Aol =]
ERE
°g
() 2}l 7
ERESED

http://211.253.24.33:7599/
[31 2.]10.10.50.1/

%=x=110.10.10.1/
ctrlres/latest

(3% body]
<°xm1 version="1.0" encoding="UTF- 8" standalone="yes“?>
<m2m:cin xmins:m2m=“http://www.onem2m.org/xml/protocols"
xmins:xsi="http://www.w3.0org/2001/XMLSchema-instance
rm="4-20171101102754211BxfU">

<pi>HJ9ImYabwqb</pi>

<ty A<ity>

<ct>20171101T102754</ct>

<ri>SkMz7XiUC—</ri>

<1t>20171101T102754</1t>

<et>20191101T012754</et>

<st>158</st>

<cs>130</cs>

<cr>10.10.10.1</cr>
<con>= = E Z{030206140000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000
000000000000000000001</con>
</m2m:cin>

GET

http://211.253.24.33:7599/
[312.]10.10.50.1/
[%=110.10.10.1/

val/latest

[27 Request]
http://211.253.24.33:7599/[& £.110.10.50.1/

=x=110.10.10.1/val/latest

(-3 body]
<"xml version="1.0" encodmg ‘UTF-8" standalone="yes"“?>
<m2m:cin xmins:m2m="http://www.onem2m.org/xml/protocols”
xmins:xsi="http://www.w3. 0rg/2001/XMLSchema instance”
m="4-20171101102754211BxfU"“>

<pi>HI9ImYabwqb</pi>

<ty 4<Ity>

<ct>20171101T102754</ct>

<ri>SkMz7XiUC-</ri>

<1t>20171101T102754</1t>

<et>20191101T012754</et>

<st>158</st>

<cs2130</cs>

<cr>10.10.10.1</cr>
<con>= = E F{040304000010000000010800020700030f00040000050000
060c00070c00080900090c000a00000b1a000c13000d1400004000£000000
000000000000000000001</con>
</m2m:cin>
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folr ¢

HTTP
Verb

4 B

API =9}

GET

http://211.253.24.33:7599/
[ 1.]10.10.50.1/
[%:=]10.10.10.1/

val?

[H& A=

- ty: device type
(2: ae, 3: container,
4. contentlnstance,
23: subscription)

- cra: createAfter (ex >

20170619T080000)

- crb: createBefore (ex

> 20170620T200000)

- lim: €9 g A

X]“é (ﬂﬂ] 10007)

ARA R
Nz A
100071 %3]

[24 Request]
http://211.253.24.33:7599/[& £.]10.10.50.1/

+x=110.10.10.1/val/latest

[-&% body]
<°Xm1 version="1.0" encoding="UTF-8" standalone="yes"?>
<m2m:rsp xmlns:m2m="http://www.onem2m.org/xml/protocols"
xmins:xsi="“http://www.w3.0rg/2001/XMLSchema-instance “>
<m2m:cin rn=“4-201710312317358029UQ0“>
<ri>HIGOW8WS8R-</ri>
<cr>10.10.10.4</cr>
<cs>130</cs>

<con> = 2 E-2[040304000010101100110000123a0113e703143102152400
16c800175b0018b6091900001a2c001b06001c04001d41001e4b001f200000
000000000000000000001</con>
<pi>SIMQKTav9Z</pi>
<ty>aityy
<ct>20171031T231735</ct>
<1t>20171031T231735</1t>
<et>20191031T141735</et>
<st>61928</st>
</m2m:cin>
<m2m:cin rn=“4-20171031231835817yw0v ">
<ri>ByzNS8WIRW</ri>
<cr>10.10.10.1</cr>
<cs>130</cs>

<con>Z 2 E-Z{040304000010000000010000020000030000040000050000
0600000700000800000900000200000b00000c00000d00000e00000f000000
000000000000000000001</con>
<pi>SIMQKTav9Z</pi>
<ty 4<Ity>
<ct>20171031T231835¢</ct>
<1t>20171031T231835</1t>
<et>20191031T141835</et>
<st>61929</st>
</m2m:cin>
</m2m:cin>

POST

http://211.253.24.33:7599/
[31.]10.10.50.1/
[==]10.10.10.1/

statusreq

(27 body]

<?xml version="1.0" encoding="UTF-8?>

<m2m:cin xmins:m2m="http://www.onem2m.org/xml/protocols"”
xmlns:xsi="“http://www.w3.0rg/2001/XMLSchema-instance “>

<con>E & & £{020105140000010000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000
000000000000000000001</con>

</m2m:cin>

GET

http://211.253.24.33:7599/

[3]2.]110.10.50.1/
+x=110.10.10.1/

statusres/latest

[ E]

e =3

[-8-& body]
<"xml version="1.0“ encodmg “UTF-8“ standalone="“yes“?>
<mZm:cin xmins:m2m= “http://[www.onem2m. org/xm]/protoco
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance
m="4-20171101102754211BxfU">

<pi>HJ9ImYabwqb</pi>

<ty a<Ity>

<ct>20171101T102754</ct>

<ri>SkMz7XiUC—</ri>

<1t>20171101T102754</1t>

<et>20191101T012754</et>

<st>158</st>

<cs>130</cs>

<cr>10.10.10.1</cr>
<con>E 2 & Z{020205140000010000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000
2?0%00000(>)0000000000]</con>

m2m:cin

POST

http://211.253.24.33:7599/
[31¥2.]10.10.50.1/
[:x=]10.10.10.1/

ctrlreq

el

Ao}

W
o [0

oL
of
Ju

(27 body]

<?xml version="1.0" encoding="UTF-8"?>

<m2m:cin xmins:m2m="http://www.onem2m.org/xml/protocols”

xmins:xsi= http [fwww.w3.0rg/2001/XMLSchema-instance“>
{CoMMEZBREZ]

030106EE00000001010001020100000000000000000000000OOOOOOOOOOOO

00000000000000000000000000000000000000000000000000000000000000

0000000K/con>

</m2m:cin>
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Accept : application/xml / application/json

X-M2M-RI : 12345

X-M2M-Origin : /0.2.481.1.21160310105204806
Content-Type : application/vnd.onem2m-res+xml;ty=4 or
application/vnd.onem2m-res+json;ty=4

— 203

¥ | HTTP
= k! #o|Ad o APl =7}
% | Verb
[-&% body]
<"Xml version="1.0" encoding="UTF-8" standalone="yes"?>
<m2m:cin xmins:m2m="http://www.onem2m.org/xml/protocols"
xmlns:xsi="“http://www.w3.0rg/2001/XMLSchema-instance
m="4-20171101102754211BxfU">
Eplng?m;(aﬁwqprl)
. . = ty24</ty.
[3)1.110.10.50.1/ 2 2 A7 <riy>SkMz7XiUC~</ri
10 GET * ]01‘:%;_ * <1t>20171101T102754</1t>
%+x=110.10.10.1/ o= 2et>>12§)éé)/l1;)1T012754</et>
St St
ctrlreq/latest LeS130¢/cs>
<cr>10.10.10.1</cr)
<con>= & E-Z[030206EE0000000101000102010000000000000000000000
00000000000000000000000000000000000000000000000000000000000000
000000000000000000001/con>
</m2m:cin>
{ “de?’ceList“: [
“oid*: *10.10.10.10%,
B2 } eui: “333934376c358512
HE| A ¢ o .
http://210.92.91.248:8090/e | . , “oid": "10.10.10.2", .
11 GET . oid¢} I+ eui “eui®: “3339343754358512
zcloud/common/deviceList B o i
AEE RH$ {
Py “oid*: “10.10.10,3",
} “eui*: “3339343767358512"
]
}
{ “deviceList": [
{
[#FEZH = “oid“: “10.10.10.5%,
AR] oid A=A “eui”: “3339343760355e12"
e =R 3
http://210.92.91.248:8090/e %A b _ =
12 POST . oldEs 283t {
zcloud/common/deviceList | _ “ e w “
20id=10.50.50.3 3] tlnjo]l 2~ oid™: “10.10.10.6%,
’ R oldes =33 ui: “3339343772357613°
= )
]
}
[FES = L
o+ “deviceList": [
AH]
3k9] Hne] 2 {
13 POST http://210.92.91.248:8090/e v ONel “INSTAL_MNGMT_STATUS_CD “: “1*
zcloud/common/10.10.10.1/ | G as }
. AN h A =
devicerunreq/ Zoreca } ]
S5 Ryt
* > [} 2= &) e}
8%, 9 body oA <{con> &4 212 AL wWE HlolHEA, FoF< FaA ol
2~ (o]
o, EA Y&e lcond AN EF A AL
@ itle A2 FAHLARZ AN RE 23] Ao AAAR FALAIZ ARG
* ZE HTTP Headers & o33 22



%

<0171 #3) 1630 9

»
rlo
Y
)
e
&
N
m
N
Ll
o
J

Ag[FA]

con

Ba(EF)F7] 55 dzle F3 = body Aol 65 btyeel
st HiH = 2 103FelA 16305 AL 2Ef o2 e
(a2 23]
private String _changeHex_2byte(String value)throws Exception{
String return_hex = String.format(“%04X“, Integer.parselnt(value));
String hex_high_rank =return_hex.substring(2, return_hex.lengthQ);
String hex_low_rank =return_hex.substring(0, 2);
String hex_high_plus_low =hex_high_rank + hex_low_rank;
return hex_high_plus_low ;

[ Al]

e 107 ]
040101140001600000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
HE F 16%17) ¢

0401011400013C0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000

o]g_

Al

con

Ba(FR)F7] 5 dFlel &3 I+ body Aol 65 btyeel
st vt = g2 10X1olA 163 A 2EF 02 |
(vl 24 23]
/ISensing Id F&[167 4 => 1074 W3]
int{] lids = new int{numbers];
for (int p = 0 ; p < numbers; p++) {
lids[p] = Integer.parselnt(body_value.substring( p*6 , p*6+2 ),16);
}
//[Sensing Value & [1634 => 1034 HEH]
int{] values = new int[numbers];
for (int p = 0 ; p < numbers; p++) {
String hvalue = body_value.substring( (p*5)+(p+4), (p*5)+(2*3+p)) );
String lvalue = body_value.substring( (p*5)+(p+2), (p*5)+(2*3+p)) -2 );
String tvalue = hvalue+lvalue;
values[p] = Integer.parselnt( tvalue,16);

[AA]
HE H 1677 ¢

0401011400013C0000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000

HE 2[10x14]
040101140001600000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
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P EZ (-> Farm_Cloud 9% =71

—n%

N

Ll

2H$-2 EPEFF Farm_Cloudzt ©] 1 B &4 922 A tEeE dA A3
F71E5 tel AAZto 2 EREH FAIST
o= x T
693 v 715
Conf common.properties i HEE 355 AT
. . X A A AANGgE 27 2
log4j.properties g ljfoj A lg %"EQ% A= E&E’}WQ}
log4j-1.2.13-ext.jar
log4j-1.2.9.jar
mysql-connector-java-5.1.42-bin.jar
Lib 0jdbc14-10.2.0.4.0.jar dbdFs =L HTTP Sl HQ3
spring-batch-infrastructure-3.0.5.REL | Z+% glo] B &g & o] &3t}
EASE.jar
spring-core-3.2.9.RELEASE.jar
spring-web-3.2.9. RELEASE jar
Logs Database.log
Reporter.log o A3y l OH|, gZE, AB]2~
Service.log 5 YEE 2] AT
sql.log
HTTP GET o2 H|o|HE 7[H =
Connection_Get 79] 1:@;: ;H% ]io?i‘.%% FEFOE
© o6 %‘/1\_?3_‘ z:s‘_ .
connect HTTP POST © 2 HolH=
Connection_Post Agstes AR g 2402
TEOE o] &3l FAE o
Az 2 EZ 71107141 8atof
3 5byte nif] 65b%rte % 65byte
Felo Z2EF Izl AHoH i
Processor_Decimal 7l FHo] o &g o D 9d
VALUE %< FZ3to] dolgujo] 2
of AATT e TEE HHE
parsing g gt
F=9 AHlAe] HEH =T A
R L R
Processor_Hexadecimal 3}0:]0 ke _E&)yte Hle] 65byte
65b¥te FHl2 = o ZREZF
Hzle At gEdT
dao Sql 7158 A9
JobService_Device_status_Get
JobService_Gtw_Dve_Info_Get
ot JobService_observe_Get AN R 2 Aojdx HTTP GET
g JobService_platform_Get st DBoll A 73tt
JobService_Senslng_Get
JobService_SensIng_Section_Get
JobService_Divce_Cnt_Post
JobService_Divce_State_Post FujAo] e gl A s
ost JobService_Divce_oid_Modify_Post ANZ&7128F HolE & HTTP POST
p JobService_observe_Post o]-g3sto] sl mH|-§-20f
JobService_Observe_Time_Set_Post Agstes 9g<e Aok
JobService_Sensing_Req_Post
Ao A S ZHEAl Adshe
vdojm AAx3] gl Aojr it
root jobMain AE S5 1% HY Aads
AES EE 759 AFHY
S gt
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- A 3

[t A3 9]

(o= 8= H&]

[Zh] 92 T4l d& 43 Report 21]
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(th LoRa BAI2E Z 83 IoT-Node

DO ML
EL-LoRa& [EEE802.15.4(e) MAC 3% LoRaTM RF module 24 AlA WEL =, U4
AX, 2tEO8E F 0T &8 A& 73 74 SAE AFdo. Axdg MCU
2} LoRa RF Transceiver & uW#&stal $lom I[EEE802.15.4(e) MAC, 6LoWPAN,IPv6,
RPL, CoAP & o8 Z2EFES A3ty dd A4 o & d8& 7H5st
Al gt

@ LoRa Hardware++4
EL-LoRa+= Sub-GHz Wireless Connectivity & A|-&3st7] 913 LoRa FAF<} o] A
olsl7] §g MCU HEo =2 FA4=o ¢lem, Host MCUCPUS A2S 9% UART
I H o] 2F A&7ttt

@ LoRa ®E¥E Interface
Daughter Board BEl2 9424 + AESF 7484

< LoRa B4l =& AAZE >



(2P IoT-Node HW <} SW AA = AAF 7%

O HW A4 92 5=
DC 12V g
(A 942 EEx >
@ 10T-Node A=W 9 AAZF 7

- Base Board, AD_module, relay_module

[LoRa % &% Board oI

[LoRa A&= Board o] Ad_module Z3%]

Relay_module 2 3g}H]

- Iot-Node SW Z=2713 Zr¢ % 4 3y 2=
=0 odv 7%
arm_comm.h = § . = N
startup_stm32f4xx.s ZRoag A8 A Bad 7|8 FEEE AP
; stm32f4xx.h T AAAC ZE nEZA HolHY ol o
config Stm32f4xx_conf.h A=) RS “ir ] Hlole ¥ E}df
stm32f4xx_flash.icf oF Anle AE A 9f Z2AE JA =T
stm32f4xx_it.c =  EEmy
Stm32£4xCith .. AT AeHE FERA B Aosan
ZR2OH ME F E F A4 BEY QRAGS
bebug TSI AZstel 7158 + AES SHD 2 TN
7B SFFES F=E Ao B FA WA
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dadel= stof A TA Al A AL
el E2d € 7 UAES AEHA

LoRApacket.h
m4_application.h
m4_cecs_analog.h
m4_cecs_can.h
m4_cecs_io_base.h
m4_cecs_isoin.h
m4_cecs_relay.h
m4_cecs_uartl.h
m4_cecs_uart3.h
m4_cecs_uart6.h
m4_evkit_define.h
m4_evkit_message.h

include

HEol F2EFY[RS485 51 EEe| tig Control 7]%
2793}

417} Daughter Board FE|l2 A48 + == F
d=o] 9lo] LoRa EE°] gk Message code, type,
function response codedll W3t 7lsS H& 3 oH
relay, Ad ZE° 3 Z2EZ 3|3l WAA

input, out #elet i WAA| O] Ato]=2E It
Aojd 22EF JYFJAE U3

misc.c
stm32f4xx_adc.c

gtEs meAA AY2E A4 9 B9

stm32f4xx_can.c b Yrefint 3t VBAT &
_Call. ) PIRE s
‘ stm32f4xx_crc.c (;j:‘{ ;ﬁé_ ELMOA -2y
Ty b cryp.aes.c ohdz - fAd AuE (D0 Fwsl7)e) 7% 5
Stm32f4xx_cryp_des.c BEOE AgEe W functiono] el =o] glow
stm32f4xx_cryp_tdes.c dar dagh golneie] oS #8ste] 223
stm32f4xx_dac.c] E}z': e MIA F&3 7ss 748 & IS
m4_cecs.cspy.bat
m4_cecs.dbgdt
settings m4_cecs.dni Z209 7] A"shE bat L
g m4_cecs.wsdt 7] AEA Bad AR FES Hodt
m4_cecs_Debug.jlink
m4_cecs_EncodingOverride.xml
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root m4_cecs_io_base.c T 485 Sl mAdme
m4_cecs_isoin.c Al ol 2] Abg
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Ly Seazlo] glede 2HUEAT 9§ AuuE
m4 cecs uart3.c HAY 8o g sty Alz=dle At
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md_evkit_define.c oA o AAB] wEel] 2eiEH A B
m4_evkit_message.c A Hi;loLL;LLE]oqo]:u} v o 7o SdslA =t
m4_std_library Ehl L s= Td° A=
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2 Y TS dr MEA AL F JAEF 3 F& §) ARZE ofgx] §) AH
2 Agste golN Au ZHYYar FAH Ao

m HORIZON o}7] 84
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OPENSTACK DASHBOARD SERVICE
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e O A 2 A
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4450 glo] A3
AAA gow Uy
2We e 5 9IS
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A=Al A A Al YAE MA A ZolA AR A= QAR E
HEYD B E 2E 42 FH3E 75 474 9 dlolEl 7} MySQL,
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- GNU ¥t 8% AHg Agoz ANT F g 22214 3 RRD el
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D e
- ebiobee= o|F A FFAA u-IT =X FFAAAG A 2~H T2 A Eo A 7Edid
OFISBEE ¢ fdle]E wxo|t}. python (2.7) 7§t = 523t}
- ebiobee= T EHlolE FE|E AAH HolHY HYE VEC=E Jth FA €, gdXE
7, dlolEHo] 2 FollA HolEE T3t Aol 7HedtH, Holy AMeaiAe A
dek= FEl(csy Y, HlolEH|o]2~ F)E HIolHE AAst= Zo] 7hesith
- ebioqueen ebiobeeE ZFA7]= 42 wlUAo|t}). ebiobeer} A UL 7]
o2 FAst= A 28 ebioqueen Hlo|EjHjo] 20 AA4E WEH-ES ¢jojx A8t
TZE Hodoh A= /NEE YA FAT FF HE HolHE HYsH He A
T AYE & &85t BAOE SAATE AL 1HE F US Aotk
- ebiobee ¢} ebioqueen 2 ezCloud ¢}o] AFFH+= Aol MEAHOLZE FA = &
olt}y. o] A%3slr] A ezCoordinatorE 7R3t ZtjuolEl+= ezCloudoll A
A3t AR did AAHS ¢olA ebioqueene] A& A=s HEgS dgal+

A=
= 93%e S

E
B
=
=

rlr rE

+

(2) 25
- ezCoordinator= A1zt ezCloude] AA dlolE o] 24 dlolg 3 QFAESS
gt} ezCloude] & 7AF}2 ebioqueene] 58 WEHOZ A7 1, ebioqueen
< o 30&ve "W®o] A=A Rl sl wWHFo] dukd  ebioqueen
ebiobeed| Al Y F3S AT o] ZYE HolE L22RE Holy 3, T
ole] A&, dlolg WP, vlolE A& GAE o]FoAH HF A= ezCloud?
tlo] g u| o] 2ol A et

Ezcloud 2] 97
g
N avery 1 hour
\___.____/

configuration .
db db

for ezcloud for ebioqueen
Z&0lo]g
//"—_\\ S AP e every 30 minutes
\_‘___’/

data db
for ezcloud

—— Source Process Mapping
(G H2)) (HE)

H|0|Ef

| Gl Xl open data api
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Q) A HHE #A4d H
(7P ebiobee_command

3 o
g

name

o8 277}

type/key £ ®#Eol Tt

§l_

&l

N8 oz d8HeH, 7dA-RY] A

o
-

weather/ADSTRD_CD, 48 x| 7% priceE name ¢ #o =2 it}

column type description
id integer, ololt] Zk
auto_increment
name text o] ot 88 FA<E
variables text Z2EZE ZEA]7]7] Y3
H 4= 7k(json)
stream_id integer, 2EZ AA 3t id
fk(ebio_stream)
reserved_time | datetime 25 of 9F AT
exec_time datetime A A 25 A ZFAIZE
elasped_time | double A8 A ZE
result integer AyFE
ERR_NONE=0,

ERR_NOROUTINE,
ERR_CONNECTION,
ERR_COMMUNICATION,
ERR_OPEN, ERR_READ,
ERR_PARSE, ERR_TRANSFORM,

ERR_SAVE, ERR_UNKNOWN
(1}) ebiobee_stream
2EQo| tigk W& variable ¥ A #32o]7] wiFol| AZYuolE ZpdelA #elst
= Zo] gk
column type description
id integer, ololt] %k
auto_increment
stream text 2Ed 44
(4) 2ty BWE A4 d™ HolE 270t
AFA o2 FFUolH FHE vEdoldA thF= HolEL ofUARE HolE 3
of AAAFHZE FEE= HolEolth 2 FFulol”Hd wet W7ol 7hssh F71
2 g e HolESolt AVIAE 2719 Hol&EE& ARESt] EXAH B} JMTARFRE
TR st AHEET

(7 SERVC_WEATHER_ADSTRD

IHNARE A = AFTe ARE g

Zeld AHg BTt

o] =

= ol T

oA X, Y #E7t AFHAT AYulolElE 45 Lok Bastch AgeRst Y
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column type description

ADSTRD_CD char(10) PAHE IE=
ADSTRD_NM varchar(40) IAT

COORDI_X decimal(3,0) X 2

COORDIL_Y decimal(3,0) Y &

LEGALDONG_CD | char(10) HA =

USE_YN char(1) AbE-o

(1) SERVC_API_SETUP
GAA R} AR E A7) g 717 HA F S0l SolUe HolEolth EAAE

°] 7% API_SETUP_CD®?] ko] 0°]ar, 7

AgIRIL Y 9 AEW Fehd A

column type description
SETUP_SEQ decimal(3,0) =9
API_SETUP_CD char(1) APl A4 I =
API_SETUP_VALUE | varchar(200) |API 24 %t
VALUE_EXPT varchar(50) ol digk A9
USE_YN char(1) A& F

(©) HolH A4&E Hol=

BA
ebg1e] 79 APLSETUP_CDe| ghel 1ot}

dolHE ARE317] 9%k
= EHsE A=

6) eXNAE =H< 2% 2A

(A)SH 0l 27 2 =B AH| 2

End Point http://newsky2 kmagokr/service/SecndSrtpdFrestinfoService2

Glo|Ej=a XML APISH REST

4834 Mojey

=S 4

ss¢ 2015-12-01 2017-06-28

ol
T=gE

olgoiz el fs gt
() =miAd AR =51e A% 273

srite SAY ¥4 a7t ME A

End Paint http://apis.data.go kr/B552895/openapi/service/OrgPriceAuctionService

EfO|E{ = JSON +XML APIEH REST

+ i+
B AIM Ha 92 AolQ s The A H: A}

a0
552

= 25AE: 552

2016-01-06 +=HY 2016-01-07

olgsiEre T gig
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@ 2= A5 B4 24 doly 84-11€ 713 W doly (19 2)
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System weight (kg) Drainage (g)
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Relative growth rate (FW, Algorithmized)

o o o -
,;g.;ﬁ o W o & GQ o0 _‘P'Ql th: AL
BT T A T R T B R N
Ny Ayt My Sy Pt Ny S By oy o Pyt Syt
SO O I O M A G L

<R daElge B A = AVIDATE 449 AT o AEE D

® ANN 7= 24
9 2o A5 mdo] 7|2 e

DA A = sk Y SR E T LA

£
N
X
g
;9{%
o
>
o
1o
off
%
g
)
( 0‘l
st
ol
lo
o
Az
r (
ol
fo
‘0,
g
N
e
1o
o,
Ho
T
2
g
)
il
ol
ottt

EH [} = h
ATt AE TS FAAY F e AN 7gE daglE 725 74

(10) 71& ANN 7219 12)
1D AHFSH 4932 dlele7t L1z d8sfiokske ANNS| 54 & d3 A= F4sb7] 9 &

o [¢]
A A% oA AF B WeE URT S b 1R 84 W5E Sl 94 W Ag
(12 87 Ws  FoRt Bt L5, TRt A &5, FoRE Ak L% TR Bt UG
FHoRE A) FEE, FHoRF Hh UGS, FoRE B olslah F= 7
ORE A olBEE FE, FoRE Ak olisiEa BE, I BT F=, F3
A F= 5
2% : DAT, ol LAl o8 A4E AREW), ol U3k thE SAEN.)

e
Y% 51270 slER R 7AH 59 &
g3 A 22 ATV

- 221 -



(13) <=8+ 21737 (recurrent neural network, RNN) T+

)
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LIEY] Cith

—— = ==
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“s N1 )
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<RNN % >
(14) A= dolEl(YHahe} gFlojol & tlolEl(E83h) AR 9 1HH0] & 29| UlsloA =
850 7Fsg RNNE o835l 9 34 HbES ERe 71y glo] AAIZE HlolHE vz
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A AARE FEAE B SRR S Al2ERe o] 83 AFAET T B daElE A

D) AZ

=]
(2) 713¥ ANN 3! RNN-2 AdamOptimizer& A3k mean square error(MSE)&

o~

x
i

Parameter . Value.
Minibatch size 5000.
Learning rate. 0.001.
Pi- 0.9-
B2 0.999.
& le-0.8.
Dropout probability . 0.7.
Training epoch. Various.

Description .

Number of training cases over which each stochastic gradient

descent update is computed .
Learning rate used by Adams optimizing method.
Exponential decay rate for the moment estimates.
Exponential decay rate for the moment estimates .

A constant for numerical stability

Probability of dropping out units in the neural network .

Number of training iteration.

< AdamOptimaizer®] st5A< >

rr

(3) 52 Python o] 7Idk X A4k glol B2 gl Tensorflow 1.2.1 version Ab-§

(4) 71¥ ANN pseudo code

#ufold gholH g w7]x] =4

import time

import tensorflow as tf
from tensorflow.contrib import rnn

import numpy as np
from sklearn.metrics import r2_score

import matplot!ib

import matplotlib.pyplot as plt

%matplotlib inline
matplotlib.rcParams['figure.figsize'] = (20, 16)

print("Package is ready.")
fooly =4

| = np.load("./Data/ANN_proc.npz")
print (I.files)

# get data

train_data = I[ 'traindataset']
|

train_label = I['trainlabel ']
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test_data = I['testdataset ']
test_label = I[ 'testlabel']

mins = I[ 'mins']

maxs = I[ 'maxs']

labelmins = I['labelmins']
labelmaxs = I['labelmaxs']

explanation = "MLP"
EX_PRED = 0 #Sorry, it's not automated yet.

print(train_data[:5])
(train_label[:5])
(test_datal:5])

print(test_label[:5]

print
print
)

print(train_data.shape)

(
print(train_label.shape)
(
(

print(test_data.shape)

print(test_label .shape)

Ras

SEEERE

# Parameters
learning_rate = 0.001
training_epochs = 30000
batch_size = n_train
display_step = 500

# Network Parameters

n_hidden_1 = n_hidden # 1st layer num features
n_hidden_2 = n_hidden # 2nd layer num features
n_hidden_3 = n_hidden # 3rd layer num features
n_hidden_4 = n_hidden # 4th layer num features
n_hidden_5 = n_hidden # 5th layer num features

# tf Graph input
tf.placeholder("float", [None, n_input], name = "Input_x")

X
y = tf.placeholder("float", [None, n_output], name = "target_y")
dropout_keep_prob = tf.placeholder("float", name = "dropout")

# Store layers weight & bias
stddev = 0.1
with tf.variable_scope( "WEIGHTS"):
weights = {

'h1': tf.Variable(tf.random_normal
'h2': tf.Variable(
(
(

([n_input, n_hidden_1], stddev=stddev)),

(
'h3': tf.Variable(tf.random_normal(

(

(

|

n_hidden_1, n_hidden_2], stddev=stddev
n_hidden_2, n_hidden_3], stddev=stddev

tf.random_normal )
] )

n_hidden_3, n_hidden_4], stddev=stddev)
] )

)

'h4': tf.Variable(tf.random normal

)
),
),
'h5': tf.Variable(tf.random_normal )

out': tf.Variable(tf.random_norma

n_hidden_4, n_hidden_5], stddev=stddev

[
[
[
[
[
([n_hidden_5, n_output], stddev=stddev)
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with tf.variable_scope("BIASES"):

biases = {
'‘b1': tf.Variable(tf.random_normal([n_hidden_1])),
'b2': tf.Variable(tf.random_normal([n_hidden_2])),
'p3': tf.Variable(tf.random_normal([n_hidden_3])),
'b4': tf.Variable(tf.random_normal([n_hidden_4])),
'b5': tf.Variable(tf.random_normal([n_hidden_5])),
‘out': tf.Variable(tf.random_normal([n_output]))

I3
print("parameters are ready")

#AFUAY 3]

=,

# Create model
def multilayer_perceptron(_X, _weights, _biases, _keep_prob):
with tf.variable_scope( "LAYER_1"):
layer_1 = tf.nn.dropout(tf.nn.relu(tf.add(tf.matmul(_X, _weights['h1']), _biases['b1'])), _keep_prob)
with tf.variable_scope( "LAYER 2"):
layer 2 = tf.nn.dropout(tf.nn.relu(tf.add(tf.matmul(layer_1, _weights['n2']), _biases['b2'])), _keep_prob)
with tf.variable_scope( "LAYER 3"):
layer_3 = tf.nn.dropout(tf.nn.relu(tf.add(tf.matmul(layer_2, weights['n3']), _biases['b3'])), _keep_prob)
with tf.variable_scope( "LAYER 4"):
layer_4 = tf.nn.dropout(tf.nn.relu(tf.add(tf.matmul(layer_3, _weights['h4']), _biases['b4'])), _keep_prob)
with tf.variable_scope( "LAYER 5"):
layer_5 = tf.nn.dropout(tf.nn.relu(tf.add(tf.matmul(layer_4, _weights['h5']), _biases['b5'])), _keep_prob)

return (tf.matmul(layer_5, _weights['out']) + _biases[ out'])

# Construct model
pred = multilayer_perceptron(x, weights, biases, dropout_keep_prob)

print ("Network Ready")

#ohs dSuE Ao

# Define loss and optimizer
cost = tf.reduce_sum(tf.square(tf.subtract(y, pred))) #RMS
optimizer = tf.train.AdamOptimizer(learning_rate=learning_rate).minimize(cost) # Adam Optimizer

# Accuracy

ymean = tf.reduce_mean(y)

SSE = tf.reduce_sum( tf.square(tf.subtract(y, pred)))

SSR = tf.reduce_sum(tf.square(tf.subtract(pred, ymean)))
#accuracy = tf.reduce_mean(tf.sub(pred, y))

r_squared = SSR/(SSE+SSR)

accuracy = r_squared

# Initializing the variables
init = tf.global_variables_initializer()
saver = tf.train.Saver()

# Do some optimizations

sess = tf.Session(config=tf.ConfigProto(gpu_options=tf.GPUOptions(al low_growth =True)))
sess.run(init)
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#}

num_data = train_data.shape[0]
ex_test_acc = EX_PRED

ojy

A3y

# Training cycle

for epoch in range(training_epochs):
avg_cost = 0.
total_batch = int(num_data/batch_size)

# Loop over all batches
for i in range(total_batch):
batch xs = train_data[batch_sizexi:batch_sizex(i+1)]
batch_ys = train_label[batch_sizexi:batch_sizex(i+1)]
# Fit training using batch data
summary, _ = sess.run([merged, optimizer], feed_dict={x: batch_xs, y: batch_ys, dropout_keep_prob: 0.7})
# Compute average |oss
avg_cost += sess.run(cost, feed dict={x: batch_xs, y: batch_ys, dropout_keep_prob:1.})/total_batch

summary_wr i ter .add_summary(summary, epoch*total_batch+i)

test_x = test_data.reshape(-1, n_input)
test_acc = sess.run(accuracy, feed_dict={x: test_x, y: test_label, dropout_keep_prob:1.})
if test_acc > ex_pred_acc:
if test_acc == 0.500:
break

bestpath = "./models/best_trained_" + explanation + ".ckpt"
save_path = saver.save(sess, bestpath)

ex_test_acc = test_acc

# Display logs per epoch step

if epoch % display_step == 0:
print ("Epoch: %04d/%04d cost: %.6f, best: %.3f" % (epoch, training_epochs, avg_cost,ex_test_acc))
train_acc = sess.run(accuracy, feed dict={x: batch_xs, y: batch_ys, dropout_keep_prob:1.})

test_x = test_data.reshape(-1, n_input)
test_acc = sess.run(accuracy, feed dict={x: test_x, y: test_label, dropout_keep_prob:1.})
print ("Training Acc: %.3f, Test Acc: %.3f" % (train_acc, test_acc))

end = time.time() - start
print ("Optimization Finished#ntraining time: %.2f sec." % (end))

#elA
sess.close()

- RNN pseudo code

#uto] gholBH e 3712 =Y

import time

i

2 28

import tensorflow as tf
from tensorflow.contrib import rnn

impor t numpy as np
from sklearn.metrics import r2_score
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import matplot!ib

import matplot!lib.pyplot as plt

%matplotlib inline
matplotlib.rcParams['figure.figsize'] = (20, 16)

print("Package is ready.")
#ololy =9
TIME_STEP = 432 + 432 + 144

# Load them!
| = np.load("./Data/processed_data.npz")

# See what's in here

print (I.files)

# get data

train_data = I[ 'traindataset ']
train_label = I['trainlabel']

test_data = I['testdataset ']
test_label = I[ 'testlabel ']

mins = I[ 'mins']

n
=3
[
x<
w

maxs

labelmins = I['labelmins']
labelmaxs = I['labelmaxs']

explanation = "Weight_7day"
DELETE = []
EX_PRED = 0 #Sorry, it's not automated yet.

train_data = np.delete(train_data, DELETE, axis=1)
test_data = np.delete(test_data, DELETE, axis=1)
train_label = train_label.reshape(-1,1)

test_label = test_label.reshape(-1,1)

print(train_data[:5])
(train_label[:5])
(test_datal:5])

print(test_label[:5]

print
print
)

print(train_data.shape)

(
print(train_label.shape)
(
(

print(test_data.shape)

print(test_label .shape)

#HAM 225 vy A"

# Parameters
learning_rate = 0.001
training_epochs = 165
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batch_size = n_train
display_step = 500

# Network Parameters
n_steps = TIME_STEP # 1.5 day
n_hidden = 16 # hidden layer num of features

# tf Graph input
x = tf.placeholder("float", [None, n_steps, n_input])

y = tf.placeholder("float", [None, n_output])

# Define weights

weights = {
‘out': tf.Variable(tf.random_normal([n_hidden, n_output]))
I3
biases = {
‘out': tf.Variable(tf.random_normal([n_output]))
I3

print("parameters are ready")

#8075 )

def RNN(x, weights, biases):

# Prepare data shape to match “rnn’ function requirements
# Current data input shape: (batch_size, n_steps, n_input)
# Required shape: 'n_steps' tensors list of shape (batch size, n_input)

# Unstack to get a list of 'n_steps' tensors of shape (batch_size, n_input)
x = tf.unstack(x, n_steps, 1)

# Define a Istm cell with tensorflow
Istm_cell = rnn.BasicLSTMCel |(n_hidden, forget_bias=1.0)

# Get Istm cell output
outputs, states = rnn.static_rnn(Istm_cell, x, dtype=tf.float32)

# Linear activation, using rnn inner loop last output
return tf.matmul(outputs[-1], weights['out']) + biases[ 'out']

pred = RNN(x, weights, biases)

print("parameters are ready")

#3145 shetole] A9

# Define loss and optimizer

cost = tf.multiply(tf.reduce_sum(tf.square(tf.subtract(pred, y))),1/batch size)
optimizer = tf.train.AdamOptimizer(learning_rate=learning_rate).minimize(cost)
# Evaluate model

ymean = tf.reduce_mean(y)

SSE = tf.reduce_sum(tf.square(tf.subtract(y, pred)))

SSR = tf.reduce_sum(tf.square(tf.subtract(pred, ymean)))
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r_squared = SSR/(SSE+SSR)

accuracy = r_squared

# Initializing the variables

init = tf.global_variables_initializer()

saver = tf.train.Saver()

# Do some optimizations

sess = tf.Session(config=tf.ConfigProto(gpu_options=tf.GPUOptions(allow_growth =True)))
sess.run(init)

print("seesion start")

#}

num_data = train_data.shape[0]
ex_pred_acc = EX_PRED

)

218y

# Keep training until reach max iterations
start = time.time()

for epoch in range(training_epochs):
avg_cost =0
total_batch = 1

for i in range(total_batch):
batch_x = train_data[n_steps*batch_sizexi:n_steps*batch_sizex(i+1), :]
batch_y = train_label[batch_size*i:batch_sizex(i+1), :]

# Reshape data

batch_x = batch_x.reshape((batch_size, n_steps, n_input))

# Run optimization op (backprop)

summary, _ = sess.run([merged, optimizer], feed_dict={x: batch_x, y: batch_y})
avg_cost += sess.run(cost, feed dict={x: batch_x, y: batch_y})/total_batch
summary_wr i ter .add_summary(summary, epoch*total_batch+i)

test_x = test_data.reshape((-1, n_steps, n_input))

pred_x = test_x

pred_acc = sess.run(accuracy, feed_dict={x: pred_x, y: pred_label})

if pred_acc > ex_pred_acc:
bestpath = "./models/best_trained_" + explanation +
save_path = saver.save(sess, bestpath)

.ckpt"
ex_pred_acc = pred_acc

if epoch % display_step == 0:
print ("Epoch: %04d/%04d cost: %.6f, best: %.3f" % (epoch, training_epochs, avg cost,ex_pred_acc))
train_acc = sess.run(accuracy, feed dict={x: batch_x, y: batch_y})

test_x = test_data.reshape( (-1, n_steps, n_input))

pred_x = test_x

test_acc = sess.run(accuracy, feed_dict={x: test_x, y: test_label})

pred_acc = sess.run(accuracy, feed_dict={x: pred_x, y: pred_label})

print ("Training Acc: %.3f, Validation Acc: %.3f, Test Acc: %.3f" % (train_acc, test_acc, pred_acc))

print ("Epoch: %04d/%04d cost: %.6f" % (epoch+1, training_epochs, avg_cost))
train_acc = sess.run(accuracy, feed_dict={x: batch_x, y: batch_y})
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test_x = test_data.reshape((-1, n_steps, n_input))
test_acc = sess.run(accuracy, feed dict={x: test_x, y: test_label})
print ("Training Acc: %.3f, Validation Acc: %.3f, Test Acc: %.3f" % (train_acc, test_acc, pred_acc))

end = time.time() - start
print ("Optimization Finished#ntraining time: %.2f sec." % (end))

#HlA

sess.close()
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WES S 1) 24 3o MEY D #e 2 AE5e 9
&5 wed UEYZ #8 Z2EFo|H.

2 EZE UDP / IP 7oA

rok

D =4
@ westn FEol folsi)
@ Hu AN FH a2 53 30 A5 A2 24/ MAUEGet | Sed L

@@ Manager/Agent Jej &2 &2}l

@ snmp ZH LKA

SMIEE Y 2T )

SNMP
MlB(jnll'Ei;gEH'"oli) O Oi Itg)
= =

SNMP EEHEEB ZEZEE

X
- 48 T2 F . UDP (User Datagram Protocol)
XE HZ . 161‘?1, 162

UDP 161¥ : Get,Set 5 49 WA A

UDP 162¥1 : E&Y Uﬂ/‘ilx]
- 37MA F8 FF 9™ ¢ Get, Set, Trap

O ‘T AR ZEREZF
- AR Gz SMl 9 MB 2= 9 209 AR FRE AYsles ZZEZY 34
A&
SMI (Structure of Management Information) : #&]HH =
MIB (Management Information Base) : #&] thaS 72433 AR =S
- AR A (g o AA AE AA)
OD : E¥] el AZ=7% (Tree Hierarchy)

(1} snmp A= (centOS 7 715)
@ snmp A=A &<l

# yum list | grep snmp
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Last login: Fri1 Feb 12 06:48:08 2016 Trom 10.10.11.140
[root@localhos yum 1ist | grep snmp
0,12,1-11,el15. centos base
134 31 2ed 511 updates
updates
updates
updates
updates
updates
updates
updates
updates
base
updates

php—snmp.h&h 64
php33-snmp. x86_t
rsyslog-snmp. x8
rsysWo?S—snmp.x
[root@localhost

1%
1
135,
1:5.
1:5;
s
1z
5;
5
5.

@ snmp A3
# yum -y install net-snmp.x86_64
# yum -y install net—snmp—utﬂ.x86_64

* updates: d
=ptt1ng up Tnstall Proc
olving Dependencies
ning transaction check
ckage net-snmp.x86_64 1:5.3.2.2 to be updated
Dependency: s e .e15_11 for package:

Dependency: 1ibnetsnmpmibs.s0.10()(64bit) for package: net
Dependency: 1ibnetsnmpagent.so.10()(64bit) for package:
y: 1ibnetsnmptrapd.so.10() (64bit) for package: net-s
Dependency: 1ibnetsnmp.so.10()(64bit) for package
Dependen ibsensors.so.3() (64bit) for package:
Processing Dependency: libnetsnmphelpers.so.10()(64bit) for pac

> Running transaction check
Package Im_sensors.x86_64 .7-9 915 et to be updated
Package net-snm 5. X8 P R e15_.11 set to be updated
> Finished Dependency Resolution

[root@localhost ~]# yum -y install nnt—;ﬂmp -util.>
Loaded plugins: fastestmirror
Loading mirror ;peed; :rom cached hostfile

5. onnetcor
setting up Install Process
NO ﬁackage net-smmp-util.x86_64 available.

Not 1n? to do
[root@localhost ~]# yum -y 1'n5fa11 net-snmp-utils.x
Loaded plugins: faste
Loading mirror speeds from rarhed hostfile
base: data.nicehosting. co.kr
extras: data.nicehosting.c
* updates: data,nicehosting. co.kr
‘ett1ng up Install Process
Resolving Dependencies
--» Running transaction check
---> Package net-snmp-uti 4 1:5.3.2. _11 set to be updated
--> Finished Dependency R

@ snmp 2 A
@ snmpd.conf 4%

# nano /etc/snmp/snmpd.conf

@ # sec.name source community F& F7}
comZsec notConfigUser default public
com2sec ebio 192.168.1.0/24 public // SNMP &]-& o}o]3] e} community name ¥
comZsec ebio default public

@ # Second, map the security name into a group name Y& ZF7}
group notConfigGroup v1 notConfigUser
group  notConfigGroup v2c notConfigUser
group ebioGroup v1 ebio // 1&F7}
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group ebioGroup v2c ebio
group ebioGroup usm ebio

@ # Finally, grant the group read-only access to the systemview view §¥& F7}
# access choGroup ““ any noauth exact all all all // =3 &

snmp A A 2t
# service snmpd restart

snmp B7¢2tE <l
snmpwalk -v -2c -c public 192.168.0.100 system // snmpwalk-v 2c -c public &]-& IP system

module for sNMPv 2 enmtwe
The MIE wodle tor managing TCP implementati

G: The MIB module for managing 1P and TcMP impld
The mie module for managing ubP implementatid
control Model for si

The WIs far e Proc g an

The management information definitions for tl

(4) cacti Ax] 2 AA

(7D cacti
A EF 2Z &2 dHolH 27 =<1 RRDtoold] tist ZE2E d=§ & 27
Aoz HAHE, & &2 ¢ 7Rk MEQ T BUHY F Jd= EFE AMEATE &
Ao AR MH|~E £Hsta I A HolHE IHZE FA & F Ae FE

(1P cacti A ]
Apache2 : PHP ¥ RRDToolZ ¥H&= HWES A 2 ZE FASE ¢ A4

Mysql : cacti ARE A Ast= dlo]E o
php : RRDTool& AF&3le] T2 E =

php-snmp / net-snmp
- RRDTool : CPURE , YEYI thAE 5o AL wlojElE Fe) R AMate o

OJEH|o] = =

O g 371=x 2X
# yum -y install httpd httpd-devel
# yum -y install mysql mysql-server
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# yum -y install php-mysql php-pear php-common php-gd php-devel
php php-mbstring

# yum -y install php-snmp

# yum -y install net-snmp-utils net-snmp-libs

# yum -y install rrdtool

@ cacti A

# yum -y install cacti

@ mysql cacti DB A4
# mysql -u root -p
mysql> create database cacti;
mysql> GRANT ALL ON cacti.* TO cacti@localhost IDENTIFIED BY ’tecmint’;
mysql> FLUSH privileges;
mysql> quit;

(th cacti A4
# nono include/config.php
$database_type = “mysql®;
$database_default = “cacti;
$database_hostname = “localhost”;
$database_username = “cactiuser”;
$database_password = “cacti®;
$database_port = “3306°;
$database_ssl = false;

chmod 777 rra log

(&) cacti <% install
http://ip_address/cacti & A<

€ > ¢ [ 192168011 cacti/ @ =
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- new install&=

A

-

3 cacti x

&

= ¢ [[11921680.11/c

cti/install/index php

2]
2}

3}

D cacti P

cti Installation G

Prease select the type of

| New inst

uide

installation

acavase: cactt
server pesating Systen Typer untx

ing i on has been
s not correct, please edit Include/config.php’ before continuing.

| & 2 e [Eresson,

/cacti/install/indexphp

Make sure all of these values are correct befor

[ok: FiLE FouDT

n Guide

ntinuing.

(FOUND] RRDToo! Binary Poth: The path to the rdtocl binary.
in/ctoo

(rouno]

p recompie to get tis fle).

PP binary a

The path

th to your sampgst binary.

insompost
(o FiLE FoUTIB]

|tin'sompbkoalh
[ok: FiLE Founp!

(ouno)
i sompost

[tFoun] cact

[[NET NP 5

Log File Path: The path to your Cactiog fle.

uslshare cactog/cact fog
e Founio]

|SNMP utiity Version: The type of SKHP you have installed. Reaulred f you are.
using sntip vze or don' ha i in P,

12 Embeded SNMP Supper

OTool st
[ RRDTo! 14

NOTE: Once you

he version

cck “Finish, al of your settings wil be saved and your databass|

change his

i
|scroen 3¢ a fater time by gaing ta'Cact Settings” rom within Cact.

Login to cacti *

- admin / admine.2 Z71%]

‘(— - € [ 192.168.0.11/cacti/auth_changepassword.php?ref=httpy//192.168.0.11/cacti/index.php.
‘ l.
|
] ( | /
User Login
#** Forced Password Change ***
Please enter a new password for cacti:
Password: e
Confirm: (]
[Save)
B - oEm
W Console B

€ - € [1921680.11/

cti/index.php

e Gragh

Gragh tonegerrent

Graph Trees

a2 quarer
Dats rput vethoss

ﬁ
i

Imper Termplaes
et Tamplater

L You can

Create devices for netviork
Create graphs for your new devices

* View your new grap
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- cacti Ax ¢85

(mp cactiol A& & instance &=

- Management -> DevicesZ A&t}

- AW, [P, ®1Z2l, Monitor Host 2%, SNMP Z1RFUEHES A4 % Creates A9 3
- Hostname : RYEH A8 2] [P
- Associated Graph Templates : 120 %718 X%
- SNMP - Interface Statistics : SNMP QIE{#H o] ~E F3 BAE o] &3l F&
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- Create -> New GraphsZ A &3t}

- F71er a8 A9 & Management -> Graph Trees A1813}4l Fo Default Tree

[Detault iree

| Manual Ordenng (No Sorting) ~ |

==3

- AW gz A HostE Aesla Hosts 9ol A 243 Devices(A H)e] o] &
2 A A 39 Create

i

Sy
©
ol g
i)



Default Tree

,,,,, Manual Ordering (N Sorting) +

| Return || Save |

- 37K AWE SR,

(¥ cactioll FAHI 2~ HE
@O # cd var/www/html/cacti & ©]%
@ include =49
global_arrays.php % => &H w7 A4

Smenu = array (
"Test_Menu" => array (
"test.php" => "Test Menu",
"test2.php" => "Test2 Menu",
"test3.php" => "Test3 Menu",
"test4.php" => "Test4 Menu"

)y, // =t
)
if (basename ($ SERVER["PHP SELF"])=="test.php" |
basename ($_SERVER["PHP_ SELF"])=="test2.php" ||
basename ($ SERVER["PHP SELF"])=="host2.php" |
basename ($_ SERVER["PHP SELF"])=="test3.php") {
$ SESSION["sess user_ id"] = 1; // =t

auth.php 3 => 219 A 232 34
@ cacti =9
test.php => RYUEHH &2

Shosts_id ex = 0;

if (get_request var request('ip')) {
$ip = get request var request('ip');

Shosts = db_fetch assoc ("SELECT host.id, host.hostname,
host.snmp port
FROM host
WHERE
host.hostname = '". $ip ."'");

foreach (Shosts as Shost) {
Shost_id ex = Shost[id];

/* graph permissions */
if (read config option('auth method') != 0) {
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$sgl_where = 'where '
get graph permissions_sql (Scurrent user['policy graphs'],
Scurrent user['policy hosts'], Scurrent user['policy graph templates']);

$sgl join = 'left join host on (host.id=graph local.host id)
left join graph templates on
(graph_templates.id=graph local.graph template id)
left join user auth perms on
((graph_templates_graph.local graph id=user auth perms.item id and

user auth _perms.type=1 and user auth _perms. user id=' . $ SESSION['sess _user_id'] . ")
OR (host.id= user auth perms. item id and user auth _perms. ‘type=3 and
user auth perms.user id=' . §$ SESSION['sess user id'] . ') OR
(graph templates.id= user auth _perms.item id and user auth _perms.type=4 and
user auth _perms.user id=' . $ SESSION['sess user id' T. "N
$sql where = '';
$sgql join = '';
html start box('', '100%', "", '3', 'center', ''");

// $nav = html nav_bar ($nav_url, MAX DISPLAY PAGES,
get request var request ("page"), get request var request ("rows"), Stotal rows,
get request var request('columns'), "Graphs", 'page', 'main');

// html graph thumbnail area($graphs, '', 'graph start='

get current graph start() . 'sgraph end=' . get current graph end(), '',
get request var request('columns'));
if (get_request var request ('thumbnails') == 'true') {

// html graph thumbnail area ex($graphs, '', 'graph start='
get current graph start() . '&graph end=' . get current graph end(), '',
get_request var_ request('columns'));

html graph area ex($graphs, '', 'graph start=
get current graph start() . '&graph end=' . get current graph end(), '',
get_request var request( columns'));

html graph area ex($graphs, '', 'graph start='
get current graph start() . '&graph end=' . get current graph end(), '',
get request var request('columns'));

$display text = array(
"description" => array("Community Nmae", "ASC"),
// "id" => array("ID", "ASC"),
"hostname" => array ("IP address", "ASC"),
"status" => array("Status", "ASC"));

html_ header_ sort ex($display text, get request var request ("sort column"),
get request var request( sort dlrectlon"), false);

$i=0;
if (sizeof (Shosts) > 0) {
foreach (Shosts as Shost) {
if (substr ($host["description"], 0, 6) == 'ebnode') {
form alternate row('line' . Shost["id"], true);
form selectable cell (htmlspecialchars ($host["description”]));
/ form selectable cell (round(($host["id"]), 2),
Shost["id"]1);
form selectable cell (htmlspecialchars ($host["hostname"]));
form selectable cell(get colored device status((Shost["disabled"] == "on" ? true :
false), Shost["status"]), S$host["id"]);
form end row() ;
/* put the nav bar on the bottom as well */
print "<tr><td><em>No Hosts</em></td></tr>";

html_end box (false) ;
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o AE A%elE GaEF A

(D) ZE AYSo= RNN (Recurrent neural network, =843 20h) dueE AA

-grrrerest SN

Inlerval il
L 1
Time step .
© Final output — Cell state G Gate activation function
® Input — Cell output © Input activation function

[ RNN ¢azg]E 712 7= ]

- R\N 414 ol

L AZE dols(9d gk 7 891 8 A4E A% AW} ssuolor & HolHEER A8
W& F71P Aole] AZEE 1A BAsHs 200 RNS B8 7PsE AFAAY S
SSEE

2 2B A% Z7H Aol AWse B4 850 AN i whgeln] olgA rAE
#7 2910 T W BAsH= dlol glo] RNNe| 5314

3. 7129 ABAARE AelF S-S Slsl we oo BB A ol LTEAR AR
o WE FAXE shAsHe RN JrhaoR 2 doles 83l LuelZ skl 7ks

4 SPIE RN LTES BE310] 7p PRere viele] BSFS ASSe 202 Bol /s

_t:[o

(1), (2), (3), (5) * Measured data

(1) Air temperature (°C)

(8) (2) Relative humidity (%)
(3) Inside PPFD (pmol - m™2 . 571)
{4) Moisture content of substrate (%)
(5) CO,concentration {umol - mol™1)
6) LAl
7) DAT (day)

8) Fresh weight (kg)

()

| e [

‘ Substrate (4), (9), (10), (11) |

10) Substrate EC [dS-m™)

{
(
{
(9) Substrate temperature (°C)
{
(

11) Substrate pH
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AN ARgsh= Fa% 7 Q1% &%, BE, oiEEA FEe IIHeH AIXE Tt SH o]
Vst 37 819l F5, i =&, uiA EC, ¥iA] pHE FVHE o= F3t3th
- ¥ W F A8 geogE yBEA o7 AHA T A<= (DAT, days after transplan)$} 2He 7
g Pl 23 T vA = GHE A= (LAL leaf area index), 2H&E2] 4] AHES =
3l7] g 2hEe] AA T AT
Q) & A5AS dagls =9 ¥

2%

3

- AT AF A% dF BASNE 4B AEFS A% WSRO RS, 48
A2FL S5 s BB s 2AS] MR A5 Wl FPshe 2]
Brhsele] ABAARE &) 9% R dolHE Sushs Zlo] FEat

B A e
AL&/Ql A 2K AT WEkE 23

- Ao WA Waks Y A WakEE Fgste] FASHGAT HA RN gl 15
T 19S5 LR 4B oIS & AT YA UING AT Y534
£ 159 102 W] B oleist 24 AnEste] AAYS o)) Slgelck

P

@ HH 2= A5 A5 dads 7= 24

- R\N 858 22pdmol| A 4238k Python <o) )8k 4] A4t gle]B.a@]Ql Tensorflow 1.2.1¢]
HARIRL Tensorflow 1128 AR8tlord PRIZEAE AdemOptimizer& 4851 mean square
error MSE)E 25+ W3S 35S st

- ZE QS =S 93 RNN 28|20 T2 23pd5ox ARS 722 shlo g Z2g=9
Ao WsteFo 2 MEkste] ARSIt

d=ES : DAT, LAL AAF, @733
=495 6710 HAEE
=95 AT S

- Tk RNN ¢a8]E& 57 % Long short-term memory (LSTM), Gated recurrent unit (GRU),
Multi-layered LSTM, Multi-layered GRU®ll thgt &<5 A&=ol thgt B|2=ES st or 1
Az} B Ao A 22 RN ¥ugl&o g [SIMS A3t

Type of RNN Test accuracy (Rz) Test RMSE
Long short-term memory (LSTM) 0.78 0.01
Gated recurrent unit (GRU) 0.68 0.03
Multi-layered LSTM 0.70 0.02
Multi-layered GRU 0.71 0.01

il

<RNN €8] S0l meE Ag= H=E 23 5
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chergt WAEe] HAEAC S Agel T AN BHS=Y HAsE ATUAY 54
A gleidee] E77) Lol met Al tashe A% Uehi 9w, SRiEolop
Jemse] FR7E Sold olF 24 A% A4 FRL Soht HelH e A% Mg

webd QNS ST 7 815l tE AR A% oS LuelEe] UiE Flelwel tid 3
Fe sk

< ZF dgis 89 A= s S 7]ox 37t >

Input data (unit) Test accuracy (change)

Atmospheric temperature (°C) 0.75 (-0.03)

Relative humidity (%) 0.73 (-0.04)

CO:z concentration (pmoi-mol"‘) 0.76 (-0.02)

Solar radiation (W/m?) 0.75 (-0.03)

Moisture content of substrate (%) 0.73 (-0.05)

Substrate temperature (°C) 0.77 (-0.01)

Electrical conductivity (EC) of substrate (dS'm™) 0.77 (-0.01)

Drainage pH 0.77 (-0.01)

Day after transplanting (DAT) 0.77 (-0.01)

Leaf area index (LAIl) 0.74 (-0.04)

Fresh weight (kg) 0.75 (-0.03)
dERiel tigk 2= AR dS daelsed tigt o= Jr Ad AR &7 W 20
O PE, FE oWHEA $E BE %2 /|65 Uehlglon] skt 87 s 21

=

1
HiA] gego] w2 719 =S YERAH | Wk HHXI EC 5 e} pH, wjA] 2=+ *“415193

DATE i os we rlaws Uepr
A W 3ol me A4 T Mg e aEse] 3% ¢ 7
de, S5 olEEas B LAl AAF HolEHRS olgsn AUE 447l BesR e
DAT 9] 92 W42 F7kske Zloe ARsidn, Ea Weso] £ glo] d%Hom ¢
B 2A0AT Sro] ZhsE RNNS| B4 Hloje] b4 SRold 4] Y Wese 4
% gmelzel EAIA B Ao AT

gFolME 25 B,

ﬂl
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v ZHE AT 74 Az g

(D 2= BAFT 4 Al=d 7=

FDR AIA

Lz

3
o=
—_N‘—ﬁ
ofi
&
1?
i)
3
b

[ 2b= AT 774 24 2A A ]

o1g3te] Zgwh A} A2e] FAE BA) SR P
ol TEIAAG ol g3le] AT
& T Sl B4 5 A A9 AR Lol 2EAL

- A= A T 5 AAe m2eA
Z2 AZeEth AAAR] F2E
- 71&9 A=Y A F F4 AA
AAste] 2HE 9 A Al 2Elo] BEAlY] Tiehe ES ST AN o]E3E FRAAE
Mol F717F 29 G FUZo] o) AWIE BAE T - ok G B Aol
bR A olele e Ay

m ﬁo o

o Apolel B 54 AL

£
4 FAT 2R + e WAL

T o ZYYoE F& Ao oF = R
st flEol| A FAZA e ZE A Al2=H
2 A2 A

- e B ZEe] AT 4 ARelME F4 HHo=E s ZE] FAL A Alzgle] 1
AR FA Rt ope} wjAlel] S0l Wi e FAZE E3E7] ufiel o]2Igh uiA|
Y 5 e 543] 918l FDR AAME AR
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@ 2= AT

27 A28 Ho]

slo] ZHE-S AAEha S-S
Aedgta 45548 A8
M=y fe 24
. Al 717F - 2018.02~2018.06
c A dE - 3 J)A)m
A Al

5 FE 4% 029 #2
- Amf 717F - 2018.08~2018.12
- el A olA

2AE s
S 2A) G
4 AAE

Q) #iA] ol mE 2 5

- 2l S A A

ERg

e 2E AT 4 AAE

o
O

T8 2hEe] AT whel RS fste] A 71t 25

£

3

Metietal FRAEAs e} Rieae] A8 24 A
A ZI8A ElolHE skt
-4
<A (4 D, sty 24 (4 2

A0 Sy

274, I 9IA, A, HE, gH,

| A, me AAE,

ny

FA gl vz U E-o] FAle] W3} Zo] Z Zloz 1)

124 80
5
% 10 60
g z
g S-NWWWJ\WWW 40 &
&
6 20
— FDR
.:32/12113 OZQI;'1B 03/12‘/18 03/26:118 MFDSIHS ﬂ4’23’/13 05!0‘;118 DS/Z;MH ’
Date (mm/dd/yy)
[ el A5l FA 2 viR] S-&2] W3} ]
- ol#fgt WA Wl 29| FAC WSS viAs] flst] mid A B T WE A e
& 9 Al2E] A9 ¥islEFS o]838te] FDR-Z=A HA A4S 333tk
12 100
System weight after first irrigation (SW,) — befor first irr gation(SWb)
FDR after first irrigation (FORa) — befor first irrgation (FDRb)
L FDR, g
5] 5 SW,
5 FDR, SW, -
2 104 g
% o L
*] — System weight 20
- FDR
8 - - N - T 0
07:30:00 07:40:00 07:50:00 08:00:00 08:10:00 08:20:00 08:30:00
[ A &7 A Au) A" FA D vz g5 w3} ]
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- A W) ge] FAIE wiARE 2hEe] *Ml & F78817] Hel E%L WA gl TRt a2

A BAE oKl mix] W ol dAsHA dashe 73l A8AA HiAl W 2 FAIE
A8}
12 100
- 80
11 4
]
= L60
R )
S o
= 10 4 o
E e
2 - 40
@
>
w
g
System weight 20
— FDR
8 e e B B B A B I B R e T S| 0
23:00:00  03:00:00 07:00:00 11:00:00 15:00:00 19:00:00 23:00:00
[ &5 Al A== FA 3R] s 3]

- 1A W =2 FAE AR Ao BASS ﬁ"“—éﬂﬂ Skl E%L HjA| gl thet &
A BAE oKl mix] W ol dAsHA dashes 771l H8AA HiAl W 2 FAIE
A A,

6 - 10 80
5 9 4 !
= - 60
=
44 B 84
% g /._—-t——(
E E’ . o ;\5:
34 ¢ 7 e ” L 40 o
3 ] 0o s o o o =
% 24 & €
i —8— System weight 2
o o8 5 4 —e— FDR
—a— Fresh weight
0- 4 T T T T 0
04/01/18 04/05/18 04/09/18 04/13/18 04/17/18 04/21/18
ale(mnﬂddlyy)

[ A AR A, WA g, S28 AAE ]

- AZHoE AT F AAFL UET 5 UE e o8] AT AAFY WEE =2 A,
Aa oz ok Pl Atk LA ) wEel A AR A FAZE ol vl
A el WS gephs el vsl 228 AAZE olb@ WA Ul SEe] T )
Aol YT 27} el ehhic

— 284 —



A g A% A5 GuF A3

D = A5 5 dads A4S 48 24 A3

- 4 XHHH
C At B W2 e 24
: A\l 717F - 2018.02~2018.06
~ ok Auj
LT TE ST HEE G 24 QM D, 2 A5E kg 24 M 2)
- A\l 71%E - 2018.08~2018.12 (7] 24D, 2018.09~2018.12

2 ¢

|
N
olN
»
ofo
o
>
r (
o,
29
&)
1

RH (%)

Temperature (°C)

03/01/18 04/01/18 05/01/18 06/01/18 07/01/18 030118 04/01/18 05/01/18 06/01/18 07/01/18

700

600 | ‘
I

Radiation (Wim®)
CO, concertration (ppm)

(I \\‘ .\‘ i \H “ \H | ‘h JHL ‘HL M‘\ Ly 56

03/01/18 0410118 05/01/18 06/01/18 0710118 03/01/18 04101118 05/01/18 06/01148 070118
Date (mm/dd/yy) Date (mm/ddiyy)

%)

FDR(

03/01/18 04/01/18 05/01/18 06/01/18. 07/01118
Date (mmv/dd/yy)

[ o Wz 24 5 &7 dHolH ]
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Equation No. Regression model R2 RMSE F-value
(1) LA =-66.560+9.898 * L 0.83 24,132 1454.66
(2) LA=-66.791 +18.038 * W 0.85 22.354 1746.22
(3) LA=9.304 +0.291 * [? 0.84 23.013 1630.31
(4) LA=7.713+0.979 * W? 0.88 19.829 2302.85
(5) LA=3.054+0.573*[* W 0.92 16.301 3555.17
(6) LA=-74.770+4.486 * L + 10.769 * W 0.88 19.899 1142.75
(7) LA=-28.061+4.042* L +0.641 * W? 0.91 16.906 1642.27
(8) LA=-38.648 +9.985* W+0.150 * L2 0.90 17.917 1445.39
(9) LA=2.988+0.128 * [?+ 0.609 * W? 0.92 16.406 1763.49
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2.98
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2.81
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4.84
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Required days to harvest after fruit setting (days)
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59.2
3.60
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4~5).

YCoefficient of variation (SD/Days*100).
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FHY A

Month e
Bl (A/B*100)
Cupra(A) Fiesta(B)
Nov. 636.6°+£25.7 567.5%+26.8 112.1
Dec. 710.2+£16.2 629.71+28.4 112.7
Jan. 839.8+109.4 742.0£89.3 113.1
Feb. 914.3+43.4 875.9£57.3 104.3
Mar 1019.94+36.8 938.7+£21.7 108.6
Apr. 1059.3+48.8 939.4+58.9 112.7
May 1210.24+89.7 1081.5+112.5 111.9
Jun. 1252.2+60.1 1175.5%+27.0 106.5
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A2y} A (kg/10a)
Oct.  Nov. Dec Jan. Feb. Mar. Apr. May Jun. Jul. Total

a1
ofN

Cupra 0 1,313 2,095 961 967 1,570 2,925 3,113 2,812 3,091 18,848

Fiesta 123 2,251 1,690 363 2,164 1,566 3,185 1,766 3,597 2,612 19,307
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