BSPE99361-11096-2

of 2= FO|E flet sl loT & S E i

Development of a Marine IoT Standard Platform for Ocean

Observation Buoy

2016. 09. 30

i
H
_Qé
02
H

plk
N
>
40



sl

A

&

= E9E MY BA9 FHFHIAR AE

H

2016. 9. 30

)
T

A

o 7 ¢

B!

B

xr
B



2015. 06. 01 - 2016. 05. 31 (1271¥)

Gl

ol
i
i

)

-
R

o

95,000,000

2]

235

= Mz 5004 ofd)

=
o
]
A
o
.8
=
Z
Q
w0
e}
o
=}
4]
(&)
(@)
o
8 W
N o
M E B
& S o
K=l %
%VP el
o~ W
.a ;Oﬂ
o
Ot
n 3
W e i
o S !
il
w g
~ N5
o2
B % 5
T
o
)
o
= .
= i
X 0
1 Q
Teg &
78
~O &)
X A 8
~ o o
o ¢ T
—_ 3 - ~ ®K o Ho
B ) 3 In ol
£ B X i

o7

i

]

Np
e

o

ALAE A=A

)
=

247 T4

s
o

o}
2l
i

NE
e

AL
00
o

ol
o

o
2]

N
B

AL
00

o

o

el

i
=
B
K

FolE 7kl Ad-hoc WMIES A 4

)
=~

]

A~
aEEA

ki3

dlol ¥ HEol 7he

¥

- A BEe BEdE Qe ol

QE AL L AYAE

B

N
22

AL
00
o

o

o
o
~T

o

o)
ol
=
i

K

—_—

0
o

LTE

i}
=

7ol Ad-hoc VIEH =

o
o
-

1o
o

TH

il

<

)
P

o

¥ IoT <okl

Fg 3

o}

Eis

*

]

H

il

el

o)
Hin
=
el

ny
00

"o

%

!

K

ocean observation, buoy, IoT, sensor, communication network

o]

o]

(ZF 570 °]7)




ko
_e
B!

L. A =
=@ TS FolE fet Y oT FF =HE T
9+ Development of a Marine IoT Standard Platform for Ocean Observation

Buoy

I. 3] 22 9 By

gelets 9ol viTtz Beldel glo] Sl sl B SiF B3 BE At
$ Zoshth T, SIF 1Y W SIF B ARe A%H AN BE
ju}

a=)

1 71 =

L
2 oj¥go] wheEnh ERL AEe] FE, VIl HE, AM B A4F 2E9

lo

o

=

F3 508 ote] §ARGTE BpHolh HYBE Rold fAES R PelS
golskAl a1 gfste] ICT 714& F=stel qd 7152 +48 4+ At A3 ¥
ole] Wayel FUsln otk EW, HIol: Aubt sjofel EAlshs chekg AA
JAERE JHE AFOoR Wolseln Axde 297 §ANSE HHskP] 9
o s loTo Baio] hEmm gk oo, £ IANAL HFd AFTE Hm
g ASctbd ol Fag S St GBS Fold JE BAEES Adstn
FgUAE AN Slstel AYTBEE Folo] S AF loT EE EAEY
e HARL, 74 RES @ESe]l EEstd EAES Add. Ed, 2 3
T ®

I A e 2 8]

2 AL AFTEE FolE AT Y loT EF BPEL Adstn WY 8
475 T W AAES ALAGR] Astel (DAY T Az Avele @
Z9E 9TAF B4, Q) J1E 97 AESEE HW/ASW BUE AA, 3) loT
Z9% AAE A% 2 A5 BFS IAY WAL Fojel WSkt WA, Hw



T
Uy
MLu__&Jlﬂmudl
le] 7A1rB e
Lﬁﬂﬂ%@mqﬁ
Wgoﬂﬂnm.“_./ﬂﬂinu._
o= Mo B! T g a o
YA
%3%%4%%%% o
i Nf A Mn = = Lq_o il M- & TK
mxia_ELx__oé u-ﬁﬂ ML}
. WEAz@p ) ovﬂm:o%h
ﬂ_ﬁ__y_bof uﬁrxﬁdu. ﬂ__L% %,_%E_ﬂaakmo1
Aﬁagﬂg_a% o 76! A@m;;o.wno B
E_nmiuoﬂmgi_awamﬂ@u Agfﬂgo_imao#ﬁoﬂ
‘._wIE“._M,m.oC_on_uT_.En_._‘M ﬂ‘FHT m,l_w_a T+ =
AA_AL o_iooéu 00 mﬂ%__oaam ey —
| < o HM%O_E ﬂﬂmﬁi_aygmﬁf <
Mﬁﬁﬂﬁmmwo\_au_eﬂﬁ op @Tﬂuiﬂ%% ﬁo_Jm._mE
__oﬂD ~ nw:o = Ho ﬂﬁllx_f‘.r o A E]_o 11_‘__._0. s
mﬂxéé %ﬂ%ux __ouAl__oLIo_E oﬂuT 4%1%
_ ,Mﬂﬁ_a ﬂa:mﬂ %@.Wwo)ﬁiﬁl_m__ x_.dqu_ou
M;WWZTM%EMH ﬂLHTLﬁTQMﬂmHmOmﬂo W E o
__ba.ao;_abaﬂ L 1%9@,#%$ﬂm o B X
wmglﬂ,..ﬂ ﬂ__gw %T_L%EL(%%qzm% %@1%
e AN @ﬂ@_ﬁ H s w r e = o A_V__o
N mﬂq_z_:@ @EE_E ﬁoﬂo_7}Tm_alLﬂLQ o e
u;._. =) — N —_
ﬂn _u._ ) T ﬂx_ Q_o _I_I _ B_.,._ _Ho: o ©] ,.;o L_o ﬂm Oo
%%1%M%émAb 1%whg%ﬂE%ﬂ [is
H K| it ﬂfumju K K o = o] & o Al ~l o
C e all ﬁwo7m% }E_EE_EHMOMWLHTLZ M%yﬂ
bo%wmﬂﬂ,oo A1qﬂy%%a : Sz
Eﬂﬂ,wgwiiogg %gﬂ;_ maa:oﬂ E__ogw.m
o@__fi éou_m_mﬂmamm ﬁwmmmu\&ﬂliﬂﬂ.oﬂmﬂ moo_n o
- S o I D B To | i T }qu
%%M@o_:_@wnkﬁi ,_woﬂé ,Mu@ﬁzﬂ. ﬂ%ﬂ%
%E o No Ui gl - o N = 5 IH wl_f N o o T o 1o
Tﬂdﬂdlu._ﬂu,m.._ﬂl.gﬂﬂo %A]oi%llioﬂﬂwmﬂq, u_nﬂ.m,mﬂmﬁ
| = 1roe o 2 __ = - 5 T N
z_ﬁ%%ﬂéﬂm%g:enﬁn WH%%MEQ]@M OLOV_W_/
ocEEoUldl@c_éwr, = = moLﬂﬂ.mnMo_eo _z_ﬁx =2
dr 5 < o ol r > = % WO = o H - & ) <
s H i ﬂmL&]A_ %EL WX o
o T T znr;umﬂ@%g%wr oo
w ) ﬁoﬂoerbﬂéwﬂﬁ_a. W i op
N. __O,MﬂOIt_Ll‘rAlyALﬂﬂq Ny }m_ﬁz
H g do o | =r B do X2 < %
7T ﬁﬁﬂofﬂ CL __o_é_u'
o ‘,_lwo E_E = TM ﬂ‘._ ~O| E— _Z_.E . .O_U ‘_ﬂ_Ol
AT,wr L._.Hm_.ldl o L_LEL_oQ_o
] 5 oo_l Bs =N ,_nul_ullq
oK — A o_u7
10 dl 7A1_ O_E ile} ﬁ.':._ J_AE H__l
Eo%w T ﬂﬁﬂ#
N _ﬂH ,_nHw_ou o._Ar_._.E
aE g
X

1ok IoT

[¢]

T

L

Z:]l—
A A AHE AfH
JFo])

1

s
=



N o
=

% o

gF otdzt, 7 IoT

HH
v

2 7diE.

ol



SUMMARY ¥ KEY WORDS

In this project, we propose key functions of a marine internet of things (IoT) standard
platform for ocean observation Buoys in order to unify different interfaces of existing
sensor modules and increase the connectivity of the sensor network. Also, we implement
a prototype of the proposed Buoy system using several sensor modules and perform sea
trial test to verify the operation.

In this project, in order to propose key functions of a marine [oT standard platform for
ocean observation Buoy, we developed 1)smart sensor modules and software/hardware
platforms, 2)multiple-access interfaces for various sensor modules, 3)a  high—speed
wireless communication platform for transferring multimedia data in real time, 4)an
ad-hoc network for ocean observation Buoys, 5)efficient management and control
systems for the proposed IoT platform, and 6)unified management and monitoring
systems for the proposed IoT platform.

Also, we developed a prototype for the proposed system and verified the operation of
the developed 1)smart sensor modules and software/hardware platforms, 2)high—speed
wireless communication platform for transferring multimedia data in real time, 3)an
ad—hoc network for ocean observation Buoys, and 4)unified control and monitoring
systems for the proposed loT platform.

The proposed system and developed technologies can be used for 1) a reference model
of marine IoT systems for ocean observation Buoys with a flexible connectivity, 2)
promoting various kinds of marine IoT technologies, 3) developing observation systems of
oil spill, hazardous and noxious substances (HNS), and red tide on the sea by utilizing
sensor measurement and  wireless network = technologies, and 4) promoting the

development of related technologies based on open source technologies.

KEY WORDS
= ofFHS, Fol, IoT, AA, v5 HE, o & 4
%= ocean observation, Buoy, IoT, sensor, multiple-access, multi-hop communication
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3% 3-3> CTD (Conductivity, Temperature and Depth) Sensor

Manufacturer Interface Protocol Note
RS-232 serial output for use
SBE RS-232 NMEA 0183 with AUV/ROV logging CTD

data

Smart sensor topology based
CAN(Internal) C}’Ari\io]s;lls on a reliable CAN bus

AADI RS-422(External, (Internal) interface (AiCaP)
opt) XML (External) Real-time XML Output on

RS-422(opt)

Acquired data is output using
the standard RS232C interface
or the telemetry option
available for on-line full ocean

Idronaut RS-232C, Telemetry Proprietary depth real-time data
transmission
Proprietary byte-oriented,
binary and plain message
protocol

AML RS-232/485 Proprictary | Outbut - formats - can - be
modified

<3t 3-4> Air Temperature Sensor

Manufacturer Interface Protocol Note
Output - Aanderaa half-bridge
B B (VR-22)
AADI AADL VR=22 Electrical Connection -  Watertight
Plug 2828
+5V square 0 to 40Hz +5 Vol‘F square wave frequency (pulse)
Environdata wave for - 20 to proportional to the temperature
frequency 60C 0 to 40Hz for -20 to 60T
(pulse) Frequency = C/2 + 10
Connector - 6-pin Impulse AG 306
(1/2-20 thread) or MCBH-6MAL
6 to -6V Output Signal - +6 to -6V for -3 to

30C nominal at 0 frequency Output
Increases in proportion to frequency,
beginning at 0.1Hz and ending at
200Hz

SBE Voltage for -3 to 30T
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<3 3-5> Wave & Tide Sensor

Manufacturer Interface Protocol Note
Wave data exports to Matlab,
RER RS-932/485 Matlab, E?icel or | Excel Qr text 'flles make post
text files processing with your own
algorithms simple
Smart sensor topology based
CAN(Internal) CPAr(I)\iol(::)(l)lls on a reliable CAN bus
AADI RS-422(External, (Internal) interface (AiCaP)
opt) Real-time XML Output on
XML (External) RS-422(0pt)
The data format of the Wave
unit 1s compatible with the
format as sent out by a
Datawell DWR-MKIII and can be used
Datawell RS-232 hexadecimal with the W@ves2l software
format package.  Alternatively, the
data can be received,
interpreted and forwarded by
an embedded system.
RS-232 ) RS-232 (opt RS485) serial
SBE RS-422/485(opt) Proprictary interface
<3% 3-6> Barometric Pressure Sensor
Manufacturer Interface Protocol Note
- - Output - Aanderaa half-bridge
AADI AADI VR-22 (VR-22)
Cable type - 3 core shielded
15.25 to 1975 Hz gliessu]jf 1(S)ensSoerr;eSancIl3 ag;);l eflre;gl
Environdata +bV Voltage pulse for 750 to & .
1050hP4 to measure atmospheric
pressure in the range 750 to
1050 hecto Pascals
Unique to the sensor 1is its
ability to output both
Airmar CAN/RS485 NMEA0183/ NMEA0183 and NMEA?2000
NMEA2000 ) .
simultaneously to various

devices on-board
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<3f 3-7> Relative Humidity Sensor

Manufacturer Interface Protocol Note
AADI AADI SR-10 B Output - Aanderaa digital
SR-10
Texas WLCSP (DSBGA) Proprietar Relative Humidity (RH)
Instruments 8 Pin (I12C) P Y Operating Range 0 to 100%
Cable type - 3 core shielded
Atmospheric relative humidity
sensor 1s coupled to a 14 bit
. analogue to digital converter
Environdata +5V Voltage pulse - .
and processed digitally
This results in a linear output
change as a function of relative
humidity
<3 3-8> Wind Direction & Speed Sensor
Manufacturer Interface Protocol Note
QOutput - Aanderaa digital
AADI SR-10
(Direction) AADL SR-10 Electrical Connection - Sensor
Cable 2842
Output Signals
AADI - Ayerage wind speed SR-10
(Speed) AADI SR-10 - - Wind gust SR-10
b Electrical Connection -
Watertight Plug 2828L
Gill Gill formats
Instruments RS232/422/485 NMEAOQO183
Unique to the sensor 1is its
ability to output both
Airmar CAN/RS485 NMEAQ183/ NMEAO183 and NMEAZ2000
NMEAZ2000 ) .
simultaneously to various
devices on—board

TIAl A gskr] flE dE Y BSE AAE v
t}

A% Avdeld EEE a7Ae wedahel
o y 5

A EZete wrbe] nAW Aol tRR 59

EEEE

_57_



(b THFE 1O ol ~E EFFAA BFAQ

i)

e

el AA

% 3-9> CT (Conductivity and Temperature) Sensor

Manufacturer Part No. Commodity / Specifications
Depth Rating 300m
Conductivity 0.0002 S/m
Resolution
Conductivity £0.005 S/m
Accuracy
AADI 4319A Temperature .
. 0.01TC
Resolution
Temperature 01T
Accuracy
AiCaP CANbus or RS-232
Interface
Output
<3 3-10> Weather Sensor
Part ) L
Manufacturer N Commodity / Specifications
0.
Wind speed and direction
Barometric pressure
Air temperature
Relative Humidity
Measurement data (Calculated dew point & heat index)
Calculated wind chill temperature
3-axis accelerometer for pitch and roll
3-axis rate gyros provide rate-of-turn
AIRMAR WEQO Ultrasonic wind up to 90 MPH/78 KTS (40m/s)

3-axis solid-state
compass with dynamic

Better than 1° static compass accuracy
Best-in—class 2° dynamic compass

stabilization accuracy
GPS
(COG/SOG/Position) 10 Hz
IP waterproof rating IPX6

RS422/CAN BUS

Output options RS232/CAN BUS

Optional heater and upper ring
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9. A4 mE

1o
)
oi\
r o
i
&
o,
[>
k1
e
o
do
ro
N
ri
(o]
)
s
o,
N
&
b
HT
I
1o,
T
>,

B ATNAE /EY AN BE 2 0EF 45T+ 9k Qe 4 % ZRES B
T ERE AFI] s, A M % sFEE old 2 AEEE NMEAOISS,
NMEA2000, CAN, UART & 7|&9 Z2EFZS #A89a 24 A& Adsts Al
WA BE F BFAE QEdols A BEF

(1) NMEA0183

NMEA+= National Marine Electronics Association®] <FAt=, sk o+ u]o] g 7 o]
ZuEge gFow A% x v NMEA#Z L 2= NMEAOIS3S A7k 9%, w9 =
ARE AFsr] 91 qrAolth NMEAQIS3e] dlo|HES F=2 Ao]ZH 2~ GPS, W3
FAAFH A ANS)o] AFgE 3, ASCIe 2E WA BN gd E4)S /‘]'o gkt NMEA
TR2EFL BYAS, "elgda A%, $8ATeE FAFH It

<19 3-28> NMEAO0183 Protocol 7743

& 2] 4 S (physical Layer)& RS-232, RS-422 59 #A7]|%2 HA%E 4 =3t} dolH
g2 AlZ(Data link Layer)& X #lo]E(Baud Rate), HolEHE, JHEHE AFHE T
dallF=h &85 (Application Layer) Hlo|El S AEsk= enjol] thdlh qfefolar, 79

>
ta

17§ o7 A FETE PR FRHE GPE AlZsta dolge FRE (Fvh'E Frh
2 Edt $9F x AloldlE BE HolEE exclusive or 94HS 3] Al A A (checksum)&
ol F713t & mxHto g <CR> % <LF>E& &<tk ¥ AFolx A3t GPSE
NMEAO183 Za2EF WS o|&stH, A EEdA AdIdEUHHS S v
NMEAOQ183 sentenceE ZUE#HE 4= ),

miﬂ
o o r& .

m

<o >
$GPGGA,123519,4087.038,N,01131.324,E,1,08,0.9,545.4,M,46.9, M, ,*42
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<3t 3-11> $GPGGA ¢] 7+ 2= A4

4= of| A A
Sentenc ID GGA Global Positioning System Fix Data
UTC 123519 hhmmss.sss
Latitude 4807.038 ddmm.mmmm
N/S Indicator N N=North, S= South
Longitude 01131.324 dddmm.mmmm
E/W Indicator E E=East, W=West
o ) O=Invalid 1=Valid SPS. 2= Valid
Position Fix 1 .
DGPS.3 = Valid PPS
Satellites Used 08 Satellites being used(0-12)
HDOP 0.9 Horizontal dilustion of preision
) Altitude in meters according to
Altitude 5454 o
WGS-84 ellipsoid
Altitude Unit M M=Meters

Geoid seperation in meters according

Geoid Seperation | 46.9 o
to WGS-84 ellipsoid

Seperation Units | M M= Meters

DGPS Age (empty field) | Age of DGPS data in seconds

DGPS Station ID | (empty field)

Checksum *42

Terminator <CR>/<LF>

A9 d= GGAol tigh oo, ofe] g zF Ao Hie foA <& 3-11> ¥ Zrh
St 5AEl= L o] oW dHoly s 7HAA d=A WERY 538 F 9o 7 Ay
= fufo] ~ ID(Talker ID)ol ™, v} %] 3x}2#]+ Sentence ID(Sentence Name)©]th. Device 1D
= FAE T8k "ol olal, Sentence IDE TS sk HolE ot GGAE @A A+

Aol QA dHolE 9t A7 59 HolHE =2 JA A Ay B Ao s sigHS FolA
~Eo A Folo] YXE AArez #=317] 5] AKMU2PEES AH43d AKBU2 1AW

66:1'2 GPSHE=5 A&ttt AKMUZ2PEE-2 UART (TTL) QIg#Ho]~& AF&stH HolH
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)

WA A 9> NMEAQOIS3 wIA A Fej2 AlA e dFs i, AlA REodA NMEA01S3]
HAIAE CAN Ao = ®sgtt Folo A& fotstr] fa) $GPGGACNA ===
Zold "3 9 =(Latitude)®t 4 %=(Longitude)dats AA EEIAA A (parsing) 3Fd
CAN-Bus® &3t A48 70

(2) NMEA20002 CAN
NMEAZ2000 # &+

/28 71717ke] Az A
59 FA4%E Fstol 453 DY BF 2E FAoluh

mlo rlo

N

o,

ol

o
Lo

N
Z
=
t
>
[\
()
()
)
5]
N
lo,
Jm
o,

2 NMEA20002] 545 3+F3] el

- =8 A5 2% CAN 2.0B Carrier Sense Multiple Access/ Collision Arbitration

- Aol x==7} 91 Multi-master, Self configurable HE ¢ =

- Y EYA eolA Plug and Play’} 7}

- HEY A R 507 28220252719 =8xE)

- Y ES A &x/Z o], 240kbps/200m

- HEY A AoES Ad7e & &%l wel Heavy(H ol 200m)et Light(H o 100m) =
T

— Mini-C(Heavy)2} Micro-C + &+ #49H

NMEA2000 Z2EZS CANS 7|¥to 2 stu 2 CANS EAS wEth CANS =4 7]&
DZ 93 g% ID—“’”OE v th CAN 1.0A, 20AE 713 ID¥Holx CAN 2.0B= &4 ID
sz lo]th, NMEA2000 & CAN 20BE 7|wto = stm= 84 D 9SS A&t F 329
Mg 2 Aol FA a—(Arbitration Field)Z7] 9] Aoz 3 ¥ dlo] 32bit= 7] EHH

18bit7} ¥ Atk <2y 3-29>% CAN &4 ID ®wWe] wWAl#x Zg 3 NMEA20002] 1D
o FxE YEW AoR A5 o] = 7 s FiEe M E Alo]=E yEITH CAN
A A Z e Fx "= 3PHE F9] 298] EES NMEA 2 ' #H(Identifier) = AF-&3™ o5 18
H| EZ PGN(Parameter Group Number) 2. & /\}%‘F}ﬂr.

%

H~

_E
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S  Arbitration Control Data CRC A E e .

G  Feld Eield N Eeld N Eeld Fe g * () - bit size
F K F
(1) (32) (6) (O~64) (16) ¥
Identifier S I Identifier R
E. D T
. E D
(11) (1) (1) (18) (1)

<79 3-29> CAN 2.0B Sz wie] wAlA] Zyda A=

Arbitration Field (32)
Identifier

Identifier

(11) (18)

! Pl

Identifier(29) — NMEA 2000 Protocol

Priority EDP DP BE PS SA
(3) (1) 1) (8) (8) (8)

PN (18

<719 3-30> CAN 2.0B ZAZ =9} NMEA2000 L2 E AL

< 3-30>2 CAN "WA# =Z#E gy NMEA2000 Z2EEF FAEE Yedoh
NMEA2000 Z2EZS & 20bit¢l A¥AE Priority, EDP(Extended Data Page), DP(Data
Page), PF(PGN Format), PS(PGN Specific), SA(Source Address)® 2Z}Z} F-83}o] A}-&-3Fa
o] EDP, DP, PF, PSE ©]&3] PGNS& T4t SAE SA 2= ufd Fioze WAD
F o YEJIAA sgure FnjEo SAVL MR FHIA A 2AHH BAE JHs
A gtk PGN2 Zb shebvlE] IS sk 8bitdh 16bite] w2tz NMEAQIS3 L= EZ
ANA 37 EAE o] Rl £ AEAet FASE FEjE 7hxith. NMEA2000 2 EF g o]of
el PGN ofa] 2dd stebnlE 25 PGS YMEA] BE F42 HEErE i 54
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FaR AR deleE A8ty 918 A Sl

SAE J1939 NMEA 2000 1SO 11783

Application layer

[ SAE J1939-81 ]- +  Network Management Layer [|<—{ 150 11783-5
[ SAE J1939-21 ]"' 1 e iy s | 150 117833
MAC s !
ISO 11898-1
Physical Layer CAN 2.0B

e o

<% 3-31> NMEA2000 ¥ tt& Z=39 34

NMEA20003} SAE(Society of Automative Engineers), ISO(International Organization for
Standardization) %2t #HAE EAISHH <7 3-31>3 Zrh <19 3-31>9 FAoA K
= A FZo] NMEA20002 &8 55 ISO 11898 CAN<S AF&3tal ¢lil, Data link Layers
ISO 11783-32. %, Network ManagementE ISO 11783-5% Alg3lar Ut} oA Ast A
¥} o] NMEA20003EF2 7} PGNel diste] dloly WS Aeolstal Jul. & AFolA ALE
3k AirmarAlb2] 200WX weather A14% NMEA2000 Z2EFS o] 839 CAN e o]~ If
Ao g2 F21%th CANS 19854 =< BoschAbell Al 2t MESQA &2 A5 7jEdso] 3
A AR FAES A457] A& oAz AEEY T 11 TS ARESER AN An7E AR
Folgol wep vjdo] @WolA i, &3 W O FAZE soluiA she] bl UEA AF B
2l CANS AAste] AREsE7] Alzbstglvh. thae] o] # Al CANRIE Hlo] =5 &-§ate] ofe] %
H| 2k FAle] JhsstE® o]z Ashal, Zds oA oR APstERr AZES O
A7 HlalA desitke AE 7ER

Y
w0
£y
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- DSP
Application Layer or
Micro Controller
T | CAN Controller,
Data-Link Logic Link Control Embedded or Separate
Layer : Embedded
Medium Access Control CAN
Physical Signaling Controller
; e
P:-'-ysmal Physical Medium Attachment W
ayer Electrical Specifications:
Medium Dependant Interface CAN Transceivers, Connectors,
Transceiver Cable
CAN Bus-Line

ISO 11898 Specification

Implementation

<Z¥g 3-32> ISO 11898 #x <o w2 CAN AlF +x
<y 3-32>% ISO 11898 #x o W& CAN9 A5 x5 yelyz v CANEFTLIS
A ZREFQ ISO 118985 wEm, o]= HESRZG futo]A~Es Fho] FH7E o9
T AEAE 7I=stH, AlF(Layer) TAAA ¥ OSI(Open System Interconnection)
et el wel CAN §41S F3s7] 9 7= <29 3-32>9 e 8% "
o] FAH st=9o]= CAN Bus-Line o] dZ¥oiglom CAN E @A ¥ (Transceiver)2t
CAN ZEZYE T34 HFTAoE ofZgAold AT wlo|azZAEEH 9 2 FyldA

deolg s AelstA A

11-bit
Identifier

R E
T|D|!|DLC| 0.8 Byte Data |[CRC|[ACK|O|F
R F

MmO W

<1¥ 3-33> ¥& CAN "WlA A =g %
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(W) ®F CAN WAI#A] ZgQlel 7z A= o

ol
A
o,

SOF : start of frame F|E&E WA A& A ZS FAST = 2o w=2 5731817
el AHgE T

218 2} (Identifier) @ WA A& Astal wAIA] o] SHAE9E A4 o

- RTR :9¢Y 974 A% 234 (remote transmission request) HE
dolg ZHdS FHsts 98-S ok 0 & doly Zyds Y, 12
YRE ZHQlS YEiTh

- IDE : =v]dE A= ID (identifier extension) ¥+¥ % Z#dS T3}

- 10 9 HE

- DLC : data length code & o] H=29] nlo]E = e

- HeolH 2= @ Adoyrl dEy = F=oln Hi 8ufolEVE AEE 5 Uk

- CRC : 3% 558 <2l CRC( cyclic redundancy check)= 27 A=l Al&

- ACK @ A% =& W2 Aol ACK HE #% & gstal, ACKZ7F 2AEA &5 4

¢ AFe AN
- EOF : end of frame &% CANZH Yo T H5E e
SRS AESHF a7as Agke] G waahH, WAA Hy oA A 9%
AEsHA FAE ZH P ol A I
S : S| . R E| !
? |d1e1ntﬁlifer E EEJ Id1e8ntki:}'l‘|ter ; 'Ir Cr} e OMDSaE:te S (ISR E g

<719 3-34> 3% CAN WAl A Z# el 1%

<9 3-34>9F #Zo] g3 CAN WA A= a3 22 d&o] F7iHo FF MAAR &4
st
- SRR : substitute remote request & X HA|A] XA RTR HIEE W2l &4
E o A =4 o] ~E ] (placeholder) 7} F T}
- IDE : identifier extension°lA ©8 @& A R¥zH(ID) BIEZ} vt AS e
-1l : RTR¥ 10 HEE W=2% F714<Q HE

<3y 3-35>% CAN F2lsk= dlo glo] CAN-BusE FAsh+= 1¥S dedth CAN

%
Bus ¢ dZ2x0oI9l+= 2t ==& CAN E WA (Transceiver)®t CAN 71 EE# (Controller) 7}
A o]l = ﬁigﬁi
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(Node #1) | : (Node #1) | i (Node #n)
bsporpc  |i [ psporpc | [ bsporpc
CAN CAN CAN
Controller . : Controller : Controller
H : ! : /
W - W i - L
CAN - CAN CAN
Transceiver Transceiver Transceiver
B e e i e B e i
CANH
%R_ CAN Bus-Line )) R-L%
W CANL

<% 3-35> Qg H o]~ TFE 913 CAN-Bus T4H%

CAN-Busol A= Z+7+e] w==7F CAN-Bus 7ol &8 ttyE dloleE gAY 227 93
H(access)d W] AA =25 AojsE vlAE (master) =278 itk whEhbA, ZF oA )

HE A5 #Y7F H9H, 1A dE 207 HASAE Wz gl 1§ CAN =g
Al -

e

= HES A dAFste=d, dE55H= CAN ZH g2 Aoy 74 == F L= F
= xgetn QA gom, g4l Lid DE FH LA BRekel dolHE A4aA @
Fessh $A6] WAAE CAN-Bus2 A&stels 3% H94 98 7 m=0h

A ID)7F A5 o2 Bus o A~ E2AIFTA ] CANGAlS 34/ a2l 24
2 &3 TR WAIE AFEste] FAle] JhEEtH, o m]l 27]9 e
High)¢} CAN_L(CAN Low)® &t} <19 3-36>S CAN_H, CAN_ LY Ag#dES vebd
th. A A4 (Recessive)oll 4= CAN_H9 CAN_LE 25V7F §AHW gAY gtegE=“1"g
F3o] Hrl fAxE “0"& dominant PFEZ Z3AHY FAH  AYS CAN_H=35V,
CAN_L=15Vo]t},

rlo
o of\

N
=

R TS
m N
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Uvolt A 35V

CANH / N

2,5V
CAN L YEV
= P
A
(CAN H- CAN L)
2V
ﬂ
0N -

<1¥ 3-36> CAN_H, CAN_L9 A<tz

= QHHAel 25 AL, AlA

A 28k At

(3) UART &4l

AW o0 2 RS-232, RS-422¢F 2 B4l £F¥ 7 AM&HE UART(RE H&E7|st &
A17]: Universal Asynchronous Receiver/Transmitter):= & dlo]g ¢ HEE A& w2 o
2 gkt HolHE AEste HFH st=sddole dFolth. Algd A BT skl
UART #4122 TxD, RxD®] FHdo=2 FA& 3+ HE7]2 A4E S2lolty. HlE7] Filo|=
2 5757 ddHA gorg F4 ZoA FU]ASE Foluo] HolE Y A £5 Al

Start

bit dataQ | Datal | data?2 | data3 | data4 | data5 | datab | data7 | Parity | Stop

NETTE G0 & H|E EECCEEETHE

<Z1¥l 3-37> UART &4l doly =7 <l
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=

<y 3-38>3 k. Al

1
T

b g of

S

SEPE

Haes o 2719 o=zl 4

RX

X
GND

R
>

RX

X
GND

<719 3-38> Alg

SRR

1 7]1<&

9]

o HEAEAols BEL 9

T
r2s

B Aol A AA

—_
o

ol

el
W

B
o

A
IH

Ikl
file)
_sz
14
el
W

=
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Fdth. AAl| CAN 7]9ke] QIE ) o]

AAs

=
—=

CAN 7]gke] Q1E| ¥ o]
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(1) CAN 7]3te] QEslo]s nE A%

2rE A FAEE AASke O lojA thddt VO IFHel =S ZhA= Al #uls
shtel ddstd dEHel2® AAG ] 95te] CAN-Bus 7IWHe] ZREZS AL, 7h Al
v

e ,
A Eg5°] CAN-BusE &8 vsgEol dashy] wd, A4 2se vadss A
X-:—
2)

Substrate
CAN_H
— = S r
120 120€___ Terminator
ohm CAN L bhm resister
- e e |
\"ﬁ-ﬁh
B— - — = Connector
Ground

<ad 3-39> AlM EEe vsHES fT CAN IHHoJARE 4%

s 7ol CAN-BusE TAdste]l AAsta 7z A4 REo] tg HJEse] CAN JA o=
E3ly folEHES CAN-Bus® A%3l7] $1él ConnectorE AAZAste] zF AlA EEo] £44
CAN-Bus WES A H&ET & JEHF AAS AT =3, CAN-Bus® M2 2l Foho A
tlolg e vy FES WA 7] 98] detol 1200hme THA TS FA sk AASAL =
g AF B FolE A% FolAz®ls A dolA Alx=®E Wil AT e E

= F 2 AAN BEES A L As .
olFA FA3 JAEIFHo|~REE F3l, 7 AA EE2 CAN-Busdd T35 H&Este] dHolHE
W2 Ao HEetal, o] CAN QEFHo]AR = A4 Alo]Egols B2 Ao EAas
HolHES 45ty sty 53d Z2EF(CAN)Z Asta e 3t CAN QJEHFH oA
£ 7= AA BEER olUgl CAN Z2EZS /A AAELE A4 AZ4E = o A

Hop gA o] FoAxin A EEie] gwolu; g4
|

-y

g 2
N

ME,
>,
[>
i)
o
o ¢
N
o
N
~
ofo
L

]
P Az AzFekl7] wEel, A EE
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<™ 3-40> Al EEe vsHdES 91 CAN I #Hol AR 9
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ot
e
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Fo
ot
o
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it}
[.%
X,
td

fl
rE]
il

<9 3-41>3 o] vy Al BEI AoJEg e} ClE o] HEEH o] HolHE
FA 8 ooy <a¥ 3-39>¢ @AY AAG CANAEIHo|ARTY & o B 74H

Abgse], B @2 A Kol vhw fH&ste] CANSAS & &S A% shlvh

iy ofy

(2) AIA Fryl/obFol =/CAN EdAIH 9] st=9o] A7

w Aol = AN REes AAZEl SlolAM, melaz HEEH= obFolx UNO
A=

H
goletA dllFe HFEEER 7AEECl Utk ¥4 HES molamyEZYdeE FE
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Toll A AFEE ool UNO9 mega25602] Aty 32 FAEE <19 3-43>3 72t} of
Foliey U mfolaARAEFe TP Fo Hls] A, AZE] RS 95 FFINER

Z(DE)°] A& A Z2adds & & A= @45 Awsiy, obFolest dgsto] &

& 5% olFol AE(Shidd® AWHT 43T + Qo ¥ AT A4 wE| Bad
CAN E412 7h5et7 & % glow, ofFolng o gste] AAl Axd s=sflols T4sE
U QoM Aelge ATk By ohe, thFd HW/SWS SEx28 AFHEE 0
G BAFS Aol sbsetth wpebA viola AESHE o}FolwE Abgete] AN BE
N

< 3-42> o}Fo]x UNO R3
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(143
NCP1117ST50T36 +

ﬁmc

L PC2EZ F

HAN_._ PNSH

BND BND
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i
o

]

D
S
a
C
H -
J
@)
e
—
=
v
-
Z
O
A
)]
<
W
QO0COO00

*5y GND BX1F -H8.5
CSPL 7 | B
N N
HISL , o 02 I e o END. +5U
___SCK2 35 Ot HOS] &5 o ICsP C4
RESFTZ 1
1 = o QF 188n 18x1F-HB.5
e | fagf £ Tl
1 A
GND 37 us e 3x2 M GND Mm_u %
=]
(PCINTZ) \PB7 O
(PCINTEIPEE = SLK rof BEES
E: CINTS)PBS (2 PES . 1
USB-B_TH ) e DA FH _ _ 8 i
X2 NSMFE5e~-2 52emA (PDOMISOPCINTIIPEI Ilemw RESET (SCK)PES 1 S ol 13
- 2ZRRN3R g wowoseenTapee: (00 fsoieas 7 ol s
= INT 1)PB1 )PE3 —
o m“ bo- & (SSPCINTOPBED 1L XTALZ (SS)PE2 WMm _ _‘ B
# L B RN3Do, c e looiem 1o Blr-vas
o i INTEACRCLKDRET -2 b CSTCE16MBUS3-R8 16MHZ 7
3 g (DCIAPCINTEIPCE 22 5 & SREE 2L amer  (apoecs 22 ANB/SCL [ Te] 2—7
& g 5. V5 4 (FOINTIOCIERCS 28 27 e L T — b} RN3B 22R
g g 8ul 8 5 vec [PCINTIDPCA [-C5 o +BU At ADCaR Ao I 9
J Nl Bhdl o GND (ANZIPCINT1}PC2 g A (ADC2)PC2 0 P
] a = Z 1 wee o I R T | 0 RN3E 22R
= TP_ulicap 77 fom el 2 Bee s S 8l oun  (hocepcn |22 A0A s
ucap (RTS/AINSANTEPOE | [
LSHIF! 1) __ usmucc | ar | JOAR P il ol BT ) T aneD7 |12 10 Bx1F—HE.5
B-= 0| 5 ONTSAINGPDS |10 DXLED Ll [AINDIPDE 7 il . LI e5],
1080 P B 1 p. (TXDUINT3PD3 3 (s 1L 0 w s
b c? - 0 2 | eNn (RXDAMINYINTZIPDZ |2 GND (TOjPDA 1 5
~B= - 2 4 5 {AINOANT1PD1 EE (INT1)PD3 1 'O |4
i o cs8 [ PAD (OCOBANTOPDD [ (INTO)PDZ 10 1 O3
&g | ROUND ATAEBALEUZ-TIIGR> e 1 ! 12
6ND Licitl-and 1 Sl
ATFEGAS28PPU - g
ELLol napxn 16 BN
HaTxn 1§ BN
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<3 3-12> oFFolk= UNO R3 A+
Micro controller ATmega328
Operating Voltage 5V
Input Voltage (recommended) | 7-12V
Input Voltage (limits) 6-12V
Digital I/O Pins 14(of which 6 provide PWM output)
Analog Input Pins 6

DC Current for I/O Pin 40mA
DC Current for 3.3V Pin 50mA

Flash Memory 32KB (ATmega328) of which 0.5KB used by bootloader
SRAM 2KB(ATmega328)
EEPROM 1KB(ATmega328)
Clock Speed 16MHz

Zh A REL st=dlol Aol lolA, AlA EEL ol Fo] mUNOE AF&stlal, Aol E4

o] mega2560S AFESFA T o} ol mega2s60 X oFFolx K=<l UNO<Q
T HAoR UNO £ 7|E HEo|A Alg5 = ATMega3283 S ATMega2b603 & =
wAste] ZEaY s wiie &Fo] 8ui, tAE Y=Y do] s E FUeY AL, ofd
2995 1671704 A sk, st=dlol®2 A dx = AZIXEET IR AZEon, 7E
UNO®IA Abgste ¥ Mlds Id=E FAstA 7] wlitel, UNOSE S8kgdo] Hojurh & <
TolA AAG AlolESNol= oY AA L HolHE HFstel DBE HAEst7] wiEol, ofFolx
UNOE AHEE A5, Wz F=] FA7F Atk webas MegaZb60s Aol Efo]= A&t
o] UNOE At&3sl= AET O S8&2 0= AoJEols 78T + 3

<% 3-44> oFFo]x Mega2560 R3
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Arduino” MEGA 2560

PR tmn =
o - B
e =
re =
i ]
= — ]
i 3 ]
e ]
s -
=
—=i =
# R See—
B b e — &
a —=r =
o e -t
e i m_. m—
o TErTT a
e
-

i

u

;—

4

Fatorence Dasgns MRE PROVIDED "S5 IE" AND "WITH ALL FAULTS Arduino DISCLAIMS ALL OTHER WARRANTIES, EXFRESS OR WEFLED,
FEEGARDING PRODUCTS, meCLUDSG BUT ROT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABLITY OR FITNESS FOR A PARTICUCAR PURPOSE

thase for futuro cefinition and shall have no resposibiity whatsosves tor conficls or Incomp atitd :
Tha praduct rlrmaton on Ba Waehb Sfa or Matecials s subject io change withoud natice. Do not finalze a dasign with this irtormation.

ARDUING is & registered trademark.

<19 3-45> o}l F o] Mega2560 R3 32 A4 =
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E AT A ALgetartetE ofFol = CAN AL 5}7] ?gt CAN Transceivere} CAN
Controllers WZ#stal U= 7] wjtoll, obfFole =0 2= CAN A& & + gloh. wet
A olFolx9t T3 CAN EHMAHS CAN AEZHE YAsta 9= CAN bus Shield=
Agste] CANEAS & 4 Udx=s AAs . CAN E@dA W= MCP-25515 ARg&-shal
CAN E#AH = MCP-25155 AH&3tth Ab8® CAN bus Shield®] 7FeFgh 542 1IMb/s 4

CAN 20B A ¢, o}Folx9te] 10MHze SPI Qg #ol 2~ ¥F 2y 9z g4xeel, 94 =
g9 A9, EM506 GPS E+& &7 &4, Micro SD 71= &t &4, Alg]ld LCDE 913 #AY)
Bl 2 navigations 93 o] ~E gAE 3 Holt}

<Y 3-46> o}Fo]x CAN B2 d= - Sparkfun CAN-Bus Shield

<a¥ 3-48>2 ¢ AA BE 9 EHFS et ©d AA ZES g 7HR] A E 9
252 A= AA FYE o ogd AlA BEY A ofFolx¢ CAN
Bus Shielde] ZAdo w2 FAE o] Q) mdl <1¥83-47>C CAN bus shielde] 3= FAHAEE
YERA T
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Sulrch npers ro salecT baTUeen
R CB0-11 ar CaH n_m._._.um._._ n._.___“_m._m_ cornechor.
Sap 1ab] 1 A
- eig [ & 1ahle tor conilgwratlone
[P —H i1
MCP2711 [
| 5 =T
E'.HI o oML Lo [l IR 3 .M s o L3
IES  CAH L|_|_ = i
TAILT 0 1l 1m [ —— e [—i e e 34 H
Rl 05 — &
LT 15 I i : [E9 Flug i
. nEoE o=y b | i
al sl el 2 Ll \_r Iunpar Cortgurations
s mar | Sepor T fo- 089 pinz 574, 515, STe) &
BHD BHD CHi 0BC-IL
L2 ]
Gtd CAl-H PN 7 | PIH 3
CHi-L PIHZ | PIN G
GHO
G PN = | FIN 2
5l
™ ﬁ TR
OHE ! T
w G B . = | LR AP 0]
3 = LU o L TaLTa]
muuw y Ci [ TCHI ._._uT_..m._.n
wl E
IFS i 5 i i e S
% [z —L o AR ]
GHO G0 = rooets poer [k
=t poer AL
=1 roaprs

HCR2RLE

<719 3-47> CAN Bus shield 3|2 A=
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<1y 3-51> GPS E&

<19 3-50> 259 AlA

:
:

<18 3-53> CTAlA

<18 3-52> 714 AlA
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2 AT e TE % 0T Auas AFs] dshe] i 44% Belstn 44
BE 28 HolHE AelEdelz Adatr] 9% oy F54 % A
Q%

e Z2Ed ¢ 935S A8

<Header>: R
<Header>: Al
o
smbloader>: S
—
Sensor <Header>: A2
S
Module [ Gateway
<Header>: D —
—
—p
m—
<19 3-54> AA AF<2l2] flow chart
S AT AolEd ol B QoA AclEdlelrt AR AN ATow 24
st AAME Aol I AT 5 e WY 2 AAE el Aot AlA BEo] AXA HHA
G4 R AGE BUA Hr ol T52HY U EHN, AloJES eIt FAlSHA HTh AolE
dole= o] S FAdow TRFCAN-IDE #HEE dFsts AA BEZEZ $§H dgE 2d
ok o] Y E T AA BRES AL AA FFE e AA EY Y E thA] Bl A
o AloJEgols 218t ARE g o R MAME S5 & S5 AAEo StolA do]
HE golett $9 AT wusl frh AROR o] $¥ AEE We A4 BES Ao
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B o Ao A AAZE G dlolE AEo] 75 317]) 98 LTE E24%S o839t}
et AN wEEe] DBehe 2l Jgnel dojegel Av] wEe] wgFe] GRHnE
Agst7] sl LTE 415 =8kt

(1) LTE SA%& A dsh= sh=glo] 470

LTE #41& st #A4olA LTE e¢HE A&, Alsel #riHa s 3 5 F
7HA g ARGl R T WA KT S4%3 Abgsh= LTE 29 e F8 AtYEoltt. + 7HA
gHE B HolHE FAsHA] ¥E e Asor dAR=R Wsste] Bdash e
ARE ZQh

<3 3-13> KT9| #41%S AH83ke LTE 28 (KMK-P100)9] A+
= ue e
220V AC/DC
A DC 12V 1A
adaptor

Chip set : MDM
3G, LTE PCI-E Type E&

o554 BE 9215
2.1 GHz, LTE1800 B3 KT Fo+ o9
LAN 1~4 RJ-45 4 Ports
_ Power, LTE Status, PPP,
LED tjAZgo] 7 LEDs
LAN1~4
Power ¢4¥ 50pi/ 12V 1A
3G ol5FA HE
) )
74 UIM AUl E] WA
RF 749lg SMA Female 2ea
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Flash (8MB/16MB)

iR 3G/ LTE

FLOBAPIF/FL128PIF

Mini PCI-E
type Module

SIMCARD MIPS 24KEe
Ralink RT3352F

7LED display (400MHz)

2 keys (RESET/WPS)

4 port RJ-45
Trans connector
former 4 port

12V/1A
DC input

<718 3-55> KMK-P100¢] E-Z2t}o)o] 13

3-14>% SKT9 BAWE ALg3tE LTE 29 EFtteolad] 3 FaA)

Debugging Port vis UART

PWR WLAN LTE  SINGAL

3MA Connector

LTE 3G Antennz

UART for3erizl port

Tigital I/0

SMA Connactor

LTE/ZG Antenna

<79 3-56> CTR-230L¢] &&rt}olo] 1
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<% 3-14> SKT¢ S4A%S AH&38t= LTE 2h¢-8 (CTR-230L)°] A%

= U
CPU Railnk RT3352
Operating System Embedded Linux
Flash Memory 8MB
RAM 64MB
LAN 100BASE-T x1 / R]-45
Interface UART Serial port
Digital 1/0 For additional devices
USB USB 2.0
WLAN IEEE 802.11b/g/n

WLAN Date rate

802.11b (up to 11Mbps)

802.11n (150Mbps) / 802.11g (up to 54Mbps) /

Antenna LTE, WCDMA : External SMA Type Antenna x 2
LED Power / WLAN / Module Status / RSSI
Temperature Operating —30~+75" C Storage —35~+90° C
Humidity Operating —30~+75" C Storage —35~+90° C
Power +OV ~ +24V
Power Standby 300mA / 9V
Consumption Busy 600mA / 9V
Size 105 x 75 x 28 (mm)
Weight 150g

<3 3-15> CTR-230Le HA¥ o] A= LTE BE ALY

= e

LTE Interface

AMES5210 LTE Module

External Access

LTE, WCDMA, HSPA

1750 ~1780 MHz

LTE, WCDMA(B3) : DL 1840 ~ 1870 MHz,

UL

LTE, WCDMA (B5) DL 869 ~ 894MHz, UL 824 ~

Frequency Range 349MHy
LTE, WCDMA (B1) : DL 2110 ~ 2170MHz , UL
1920 ~ 1980MHz
olelgt A5 7kl LTE #%E+= w< ‘%O]Oﬂ A s o WA lE el ojHyld =
Adeta At A B B 2@ 947 muEe Ase 7ZE 44 2ES DB
AN FRPERE DS
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(2) 14T 7HERES o83 I 715 R 29 I A

oy

B Yot g RES gz go]29 ddAdste] ARESH B R E Y e
<# 3-16>¥ 2t}
<3 3-16> 7}vlg} ZE(Pi- Camera)2] A}
el -8
Omnivision 5647 CMOS image sensor in a
Image Sensor _ o :
fixed—focus module with integral IIR filter
Resolution 5-mega pixel
Still picture resolution 2592 x 1944
Max image transfer rate 1080p : 30fps, 720p : 60fps
Operating : -30° C to 70° C
Temperature range . . .
Stable image : 0° C to 50° C
Size 20 x 25 x 10 (mm)
Weight 3 (g)
bl él’rl 'i ."i;
o
<% 3-57> Zhvlel 2E(Pi- Camera)?] AR
o3t ALYS 71zl ZhWgl RE(Pi- Camera)S h2ug]vto]22 A|ojsti=d], go]H S o]

|
TR aYgEeEgrt <28 3-58>2 Pi-CameraZ® o] 83k A28 ZZ93EQ =HA4

&t Aot

Eis

49 =

o &

i ofo
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=

=
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import os
import picamera
import time
t = time.strftime (' ', time,localtime(time.time(})) //os
def remove():
os.system('sh rm.sh')
while True: [/ 9EE v=
with picamera.PiCamera() as camera:
camera.resoclution = ( ' )
camera,.start recording('./bachkuy;
camera.wait_recording(c0)

%t) frEA bl MEE

MZt #%(a=c)

for i in range(’, ) -
t = time.strftime('%c', time.localtime (time.time()))
camera.split_recording('./backup/% i oRt)
camera.wait_recording (<) t
camera.stop_recording()

//E3Es g

remove () /fremove He
<% 3-59
<19 3-59>¢F o] ZragUdE F9dH 59 cwRsyncE AHE5e] 9244 EUEH

FAm e Wl Zr et sr|gkettt. aga g g o2y w8t EYY FEE dA ARt
vt} FG 4L S AHE AEFSA stk aglal s7|8ehe AAHETE S5 AdEHE RS
WA ste] BALF HolHAES TR Yk,

1 #! /bin/bash

3 if [ ! -f /imp/.#E3N2LUEIMH O wol=r A= ] ; then

4 touch /tmp/.#FXE2LUHIAAMH2| Wiz H=Z

5 rsync -azvv JEOZEZEH dFZANZYUHEMHIPFL: tbackup/

& rm - /tmp/.#FXBLUEHIANHS WAEE HZ

¥ fi

<9 3-60> 9AA EUEHHAH S F7)3}

piéraspberrypi: - $ sh rsync. sh

opening tcp connection to 203. 230. 252. 202 port 873
sending daemon args: -- server - vvlogDtprze. iLsfx .
sending incremental file list

backup/
backup/Thu
backup/Thu
backup/Thu
backup/Thu Jun 16
backup/Thu Jun 16
total: matches=0

backup/ (4 args)

16
16
16

Jun
Jun
Jun

17:50: 24 2016. h264
17: 51: 26 2016. h264
17: 52: 28 2016. h264
17: 53: 30 2016. h264
17: 54: 32 2016. h264
hash_hits=0 false_alarms=0 data=27311715

I

received 118 bytes 1,271, 058. 14 bytes/sec

sent 27, 327,632 bytes -
speedup 1s 1.00

tgtal size 1s 27, 311,715

<% 3-61> A4 mUEPARE 5713
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5713} HAEd+E & 27327632 bytes?] JA4HAES A
1,271,058 bytes/sec (=10.168 Mbps)&E Z=AE St E3F TG Fg®at o
*r=

& SEe AT &= #atk ofyzt
AR BUHGABA AT AEY AMHARE ARES v $dS ZEYshe Fol
7 FEtolAETE Hol 94X EUHPIAAH 2 AAE AERS o " 2EYS 7
7] A% WS vad 2o @, AEYY AMHAE o] g8y fald AW PCol e X~
EY AW E AAstojof ot & ATelM = gstream€r§ A&l Tt

6 EctEH2IE0] @ § raspivid -t 0 -h 720 -w 1280 -fps 25 -b 2000000

- =0 = | gst=-launch-1.0 -v fdsrc
g8 ! h2édparse ! rtph264dpay config-interval=1 pt=%6 ! gdppay
! tepserversink host=[Zt=H|E|TH0|IP] port=5000

10 L

11 g#E? : Ci\gstreamer\1l.0\X86 64\bin> gst-launch-1.0 -v

12t tepclientsrc host=[2Z=H|EITCIIP] port=500¢«

13 ! gdpdepay ! rtph2eé4depay ! avdec h264 ! videoconvert
14 ? ! autovideosink sync=false
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17:04:30 17:04:45 17:05:00 17:05:15 17:05:30 17:05:45 17:08:00 17-06:15 17:06:30

o~ Conductivity

<9 3-97> AR A AA == CTAAANA ZAHH Conductivity ak

<9 3-97>2 A AHAA SAHE conductivity #kS HERAT
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32.42

< 3-98>2 AAA S F25 U A

Buoy3 CT

Ocean Temperature
2016-08-20 17:04:32
32.45

-~ 7

17:04:30 17:04:45 17:05:00 17:05:15 17:05:30 17:05:45 17:06:00 17:06:15 17:06:30
=+ Ocean Temperature

<9 3-98> AR A AAM =9 CTAA A =A% Temperature?k

o
A
=5
olNi
R\
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o
k1
]
A\
o
_O|L
2
i

Buoy3 GPS
Lattitude
2016-08-20 17:04:28 |
12896
¥25 = — —f
100
&
75
50
25
17:04:30 17:04:45 17:05:00 17:05:15 17:05:30 17:05:45 17:06:00 17:06:15 T7:06:30 T7:06:45

-0~ Lattitude -# Longitude

<9 3-99> AAH AlA =Eo] GPSAlA FAE 9k, = g

<9 3-99>% AAA AA w==e] GPS #toz2A fket AEE JERdTh
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<™ 3-100>2 AAAH A wmEof 7oA S

Status
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40

30
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Status

7.04:30

<a® 3-100> A A A w=o 7]FAA A SHH S

Buoy3 Weather

Wind_Direction
2016-08-20 17:04:55
-0.33

17:04:45 17.053:00 17:05:15

17:05:30

17:

05:45

o Wind_Speed - Wind_Direction

17:04:30

dlolg 7t &4
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HAEES E5to Ui 6 km A2 AL E 4F
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-

aF A,

17.04:45 17:05:00 17:05:15 17:05:30 17:05:45

o~ System Temperature - Humidity

<Y 3-101> AAR WA mES] ol Alsg YRelA 4 /FE

s

om 947 BUHY ANz 3
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CANS 7|dto = gt JoT ERE 74 EEF vl A28 7F ddstd Qe o]~ HAs
AASFA T o] ¢35l CAN Zd S o] 83k glo o
HES BU7] 98 A2dS 745 =

22
=
~—

(1) AM Eg3t AolEd o] 1t FA& f13 CANZIHES] AlAM dHolg w7l A9

‘S" : Sensor Type

<Protocol>
* 0 = bit
Sof Arbitrati | RTR(1) Control Data CRC CRC ACK slot ACK EoF(@)
on Field(6) (0~64) Sequenc Delimite Deli-
field(22) e r miter
as) M
CAN Frame = :
e O S #Emmmmmmemme—Sc———=D D|D D D D| D D ————————————
# la|lala |a|a|a]|a
Intermediate ' [ t [ [t |¢ |t |2 T |t
ID Ver LEN(].""N) alalal|a|alal|ala
data packet -
S ensor d a ta i H_e;der Data Data Data Data Data Data Data
packet
B i e S —— i
| |
' | <Header> | = Ijeader Type> !
! R" : Request :
: A : Acknowledge |
| £ I
! D' : Data I
! |
' I
|
|

<9 3-102>%= thFRE AlA el Aol Ef o] Ato]e] HolE] FH4lE 9% HolE 7
2o B3 Aoty Hdwe] CAN frames 7]£9 CANFAlOA Alg% 1 9]
o]t} Arbitration field®} Control = 283 DataZ2 =t $-27F ¥4 713 dA doly
2o w2 W3l Intermediate data packetol]l YEFHATE Intermediate data packetol]l 4] LEN
2 1HE 87HA A Y7t 7bsetal, ole FHeol e+ HeolHEE=9 &5 ZAAgth YAl H2o]
B 3712 ID, Ver, LEN, datag® “-4°] ¥°]%lil, Sensor data packetolA Hlo|E =9
A HAE =2 XAttt dvES Y2 R, A, D, SE Yol 2172t 8%, &4, HolH,

2) £3 Alo]Egol= 93 SW Z2ad T259on B AnpuAe 84 B2 1d T 4~ 37 AA e Q)

&
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B3l sy Hol o doleHEe AAT] Bk oheh AzA}, A3
E dolgz ARG [16],

(2) dHelE dFS fg dHeoly dF57] %

b

R

AolEgolo A LTESSHE E3] DBAHZE HuUl: dHolgE 30% 1202 AAEY, A
olEY o] Y s AFE H 7|EF A AAFS 1H s, 3524 Eolt),

ETE msoL JOHM
EHolE »

Pl
mu
=
a
rE

Ab 27| Falmport  gEDesigner 4EE0|E Y s AL AT

yac+! 3R Collation a7| ey
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[] 1buoy ocean i E = | X 967 MyISAM  latinl swedish.ci  13.3 KB =
[1 1ct sensor = B ¥ @ X 972 MyIsAM  latinl_swedish_ci 46.1 KB =
L] 1gps # [ *x 58%  MyISAM  latinl_swedish ci  27-% KB -
[] 1weather sensor [= #= [ X ZE3  MylsAM  latinl_swedish_ci 19.5 KE =
[l 2buoy_land = B # W X 2,026 MyISAM  latinl_swedish_ci 31.8 KB =
[ 1 2buoy ocean # i X 1,331 myIsaM  Jatind_swedish_ci 20.2 KB -
[ 2ct_sensor FE] #= @ X 1,087 MyISAM latinl_swedish_ci 45.9 KB £
L] 2gps_land = M@ # M X 2,031 pyIsaM  Jatind_swedish_ci 36.5 KB =
[l 2gps_ocean = B == @ = 1,264 MyISAM  latind_swedish_ci 3.8 ¥B =
[ | 2weather_sensor [= B &= | X 1,267 MyISAM latinl_swedish ci =~ 25.7 KB -

Hol = 10 7§ A 13,077 pyiSAM  latinl_swedish_¢i 324.7 KB 0B

<% 3-103> 218k diolH #Ee A7)

3 o] "mE ol PEte HolE =)= CTAA 478lo]E, GPS 28ufo] £, 7] AFAlA
20ubel 2, -4 13ue] Eolth Al Eslolzh @ lelEl & md ) 108ube £ E ST
dolB 5xvlth & Wa A

2 AFoAM = IoT ZHFEF A =de] =

LA sde] £ v A

olo Bt AUE RUHYSI, TAG Folold A5 MM HolHE EgE Ay my)
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- 114 -



pus olAsE e LRk )
Hire ensk $RE SPoRM MR L% U % $E RUHY /5 FAS B ol
Azdle] el o@ Asg £ R BEAA U D s FE o KEA T A
seed WA R g AzdRdE b %+ DHTIL

Temperature-Humidity SensorZ4 2%(0TC507C), s+ 5(20%795%)=
F =% DHTI1 WelA SAH T AME dlFoA =z Atd dar) gloh

dl

T Al

<19 3-104> &= A DHT 11

€ com8 (Arduine Uno)

Read sensor: DK
Humidity (%): 56.00
Temperature (oC): 25,00
Temperature {oF): 77.00

Read sensors 0K
Humidity (&3: 56.00
Temperature {oC): 25,00
Temperature (of): 77.00

Read sensor: DK
Humidity (%): 56.00
Temperature (oC): 25,00
Temperature {oF): 77.00

<29 3-105> 2455 AA RE EUHY
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CAN Bus Shield, 28]3 €17 DB(database) AH 2 3% dlo] Eﬁ%% 6%3}7] 13l AF-&-st
= LTE 412 9% Ethernet Shields} w4 WMEYIE 5
= 9% Xbee RE2 FAEH vk AlelEM 7} &2
%ﬁﬂ A4 DBAH O IP Faeh Il AEZ AH 7@147‘
Eq] ]7} CAN E/‘]% g A=A, F dAHUE tdFHE CAN-Bus Aol dHeolg 7t
gelgk = dlolg 7t EAE dHolHE FAIE FHE oA €ttt CAN 412 ¢
o], bus ol E&EUE EE L‘:ﬂ Hic?ﬁii e BHREC] dornE ®
Y& flal 7} dlolEEo] oW % dolHeAlE 83 Ha7t
) ]Oﬂ’\i AA HlolE =59 TFY E]% -‘?4311 ZF A4 REarSE AeEs AAE
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SD
Data Data Data Data Data Data Data
Header

<SD Header Type>

‘R": Request
‘A" : Acknowledge
‘D' : Data

'S": Sensor Type

<29 3-107> CAN d"elHZ =9 AA &Y B &5
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et ANE BElsta AMERY FHE EHelHE AoEdelm dYdr] 913 dolH
Fal Al QoA A BES AolEdeld T53t7] 98t 7 4lA EE-S CAN-Bus
2 SD(Sensor Data) Header E}Y ‘R'S CAN HlolH Z#del A WA vlo]Eo x| & E|
= hlelES] Aol AFgu. el AlA dHolH A2 syl SD Header Z =94 07770
o Hojly == ?Hfﬂv} o] 714, CAN-Busdl &= t}s AA 2E U AAEso] v HE
dejglonz, AN EEo] ohd thE AlAEe] delHE R FAT F vk wA Az

Eol 5 -
AN BES 22357 93 dxoA], dolg AEL 1ufolE9] Zolzwl A%slal, Holg
s AgHA geth FAR9 Ao Edold AR IntelEe] B RW 2 39S A4E
A BE 52 9o QAFEE AAE
AelEslol7l st B9 Rl AA dold g s g AN REZ

‘Al AA dolE AL Aswh ol Y B A
e

Rk gl sl of o}‘ji st Al gl ARt Hel A7) 918l CAN-IDE o st
of A&t A = O] SHEr] ‘A'e] AlA dloly sZS AloJEd =Y FAlshd Al
M EEd avgor MM thid ARE AolEdeld deFr] fdA sy Bl 'S Al
A dloly Al dFshs daE 7R o, AdMel i AEE dHFr] A% Y B
Y S'E HZS npolEof 'S¢k rEo] 2 A et 3WA, HP JEol AlF-2<Q dMe drE 4

LA S ??ixﬂ A g /\]iﬁhﬂm }&El CT Aﬂ/ﬂ aR=3 H E}% 4 o =712 ‘C9)

AA BRE CAN Z#H 9 "ol el Aol HdEatd, Alo]Egolo ] AA S S Hel o=
7449 ARE B3 2t AME 525 Y AN mEY FRE AFsn u} ==t
A A O

R I O—E—, AclEgolel A MM ArE A4

HE Rudes ous m Al
D AR ?ﬁﬁ}‘?ﬂ_, ate oz Fu 8 ‘DY AA HolE
B E

A g AlelEdeol= B Do AlA dHolH sZE Fote] HolHE we uf, CAN
oA g S o] &3 A FHE HeolHE W] wiol, CT AlA EE9 4% 24 &
o] e S AE(float)e] HElZ Wsels HAHS AXa, o= tA DBE AEdH7] fs)A,
T ] Fe= tﬂﬂo}oﬂ AEetes A4S AR CT "ﬂ/ﬂ REAA e Holy F A=
%= (Conductivity), <% (Temperature), 9% 2~ (Conductance)= 3dtt}e] CAN Zg o] R5F
s F7F I “ﬂ—roﬂ ol e &Y B D’ ¢ dlolHE=E CAN IDE @9sto] A
star, AlolEgol= IDgkel wel dlolEE E/F3ste] A 7dsio

ofy

Weather AlA RES AA REAA AT HARI} 4ulo]Eo]7] wjiol 3t}e] CAN =¥
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ol BT Aol A5 & Atk oJFA HAEHow vy el HolHE A5H Hol
S, AolEdeld A AEHow A AAX DBAMZ HolHE Asarh HEH
ox AFH HolHEL INSERT INTO' F#& ol&ste] 974X Auel A4wolgls

test_arduino H|¢]&-2] ct_sesnsor®} weather_sensor® %% ¥t}

obef= AAIRE HF-of AolES ol dAX EUHY Ao]ER AFe HolH | dF e
.

@ COM3 (Arduino Uno)

CAN BUS Shield init ak!
Connecting to DB Server. ..
Connected to server version 5.1.41-community
Connect ion Success
INSERT INTO test_arduino.ct_sensor YALUES (-0.0149643300000,23.085533000000,-0.00323963240000, NULL)
INSERT INTO test_arduino.weather_sensor VALLES (0.2500,-2.837300, NLLL)
INSERT INTO test_arduino.ct_sensor YALUES (=0.0152985690000,23.119860000000,-0.00331199190000, NULL)
INSERT INTO test_arduino.weather_sensor VALUES (0.1500,3.103100, NULL)

<2¥ 3-108> F-o] Alc|Ed ol =REH 944 EYEHHY Alo]ER HAFT HolE 9

o AYAR 58S wEste] 74 AMRRE AaF dolHEY F5 U dEHse] A%
3 5 9= A A7)

w AT A" vinell A Fzhekr] wldel, w2l E ARE T o] B g & A
A7l Mol dHARE &S e doly FAUNS Lt

(1) CTAA

ol Aol Wag AA

Z}(Conductivity, Temperature,Conductance)S 1 A gkt}.
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(2) 717 A

Ajrmar Sensor

NMEAZ2000

CAN Bus

<9 3-111> 713AAzE &4

A e 25 NMEA2000 Z2EZS wEn, <& 3-22>= NMEA20009] HolH =5
T 71 ZEE Yo doly e Aad o)t
<3 3-22> FFAA dHolE PGN List
DATA OUTPUT PROTOCOL

127250 Vessel Heading
127251 Rate of Turn
129025 Position, Rapid Update
129029 GSP Position Data
129540 GNSS Sats in View
120306 Wind Data
130311 Environmental Parameters
130323 Meteological Station Data
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KMOU Bouy System

Wind speed 0.2500(m/s)
a Wind direction  0.658700(rad)
System temperature  (27°C)
Humidity (54%)
Lattitude (129.0869107)
Longitude (35.0754247)
Distance 38{mm)
-0.016937841 (m5S/cm)

Conductivity
Ocean temperature (2743636100 C)
-0.0036668782(ms)

Conductance

<9 3-126> MEE ) 2RUHE 74 g4

- 133 -



6. ANAFE A AE

oA FALse A% FRE AT A4

M e w2 Gt degEs g8 A7 RedE Ads ddsit A A
A e AlelEse] & DBMM R v ol gl Azbe] Uiy 4 RUEPE st
w3 edo] B FUHiER 47t e Uiro] Agsigih

<9 3-127>2 AA Yl -obFel (A Ra)EAle] & HeEA #de &) ko] CT
AA el A UART @42 opFolm(dlA Eag)odA RUEH Y Zdito|t)

(1) 7Hd 4 259 23 A4

© oM {hetuing Gevno Ut

GEANFDENT 4310 1M2 Crdctivity(sdim]  209I00ED  Tewertere(legl)  LOIMBED  CondmtancelsS) -LSOMSIEO  ReloedlLSH] 100 RaeCondI|LSB) VG0 Zhsle) ARITER  RoalTemolu]  213E14ED
BOECIFBENT 4010 1 Codxtivitdeles|  ZMSEED Tewertwreles ] LOETEDN  Conduckancelsd] S AMIEDE RaloodLB) W0 Rolondl[LE] IR0 Dieciah) I OEIER RarTemsled]  2I3EEEMD
MEOFBENT 10 130 Codetivin{elon]  -LSORED Tecentee(lel] LN Coedetancelel] 4 2SSEO Reed{LB] 1600 P[] 00 Deeled] <) SIS Ralelw]  2IREEED
GEANFDENT 4310 132 Godieckivitylsdial  LSSONED TewertwrelBesl]  LOSOOSEl  Condctancesd) 0I7OSEG Raelordd{LN8] IS0 Reondl|LSS) IR0 Zheelal] LOGEISIER  ReaTespla] 21312808
MOECFDENT 4319 1% Coodetivity(ebios]  DETBSEDD Tewerswre{les(l  LOSIEEDl  Condatanceled] -4 (SGENE-DE ReCodLE] WD ReCendl{LB] U600 Dhesiiah) - OTEREE  RewTemnlat] 2 1STTEMD
GEEDEN 4310 13 Condetivityaliea]  -LBOBDMEDR  Tespersturu{lea.() LOMER  Condatance|ad] -3 WMSIE-04  ResCordf{LSB] (B0 Paelondl[L3B) 600 Jhe{ad| “LOETHER  Realimp(u] 21910640
ECFDENT 430 1M Cedietivitaes) LTSS Teertors(Degl]  LOFMED  Codectwcesl) LAETHEAM RulodiL00] MO0 RaeCondl|L3B) 10D Ddaofah) LOREE Ralemolad] 2. 1EESDEM
MECEDEN 419 130 Coedetivitsbes] L GSEDD Tewersterelle ] LEMEED  Condetancelsd) -DERRSE-N RelendfILSH] IR0 MeCendI|L) TR0 i) | EISER Rarlemnlst] 2 IIEAD
SECIFBENT 4319 1% Cdctivit(abies]  LBVSEDD TewerttesfBesl]  LOSOMEDL  Condctancelad] 3RO ReolordB(L] IGO0 Relondl|U] 10 Deoiwd] LIMEEE  Reelosolel]  21ZE0ED)
CECIFRENT 4311 132 Condetivity(eles]  -LEONMED Tewerstora[leg.l]  OSSMESD  Condichancelal] -3 ABZZE-M  Ranlond{LH] IGO0 FawlondI[LB] 1E0 Tclat] - DREEE FonTem|w] 2 IZZMED
MECEDEN 4310 1 Codetivit(ales]  DHMUEDR  Tewenateallell  LEREED  Cndetancilad] BIRIGEH ReledILE) 100 Andmdl|LE] R0 Dsie) SRR Relmeled] 2 SGIE40
CENROENT 430 1M Gedetivitabica) o SOSGREAD Tewentursfleof]  LOWSEED]  Condetawe|ad] JUNREN RuledUB] 160 Raeod|LB] 1600 Zheoiey) S OMENE  Ralemols] 211906
SEANFDEN 4310 1M Crdetiviteli]  -LAREEAD Tewertorlleg 0] LURGED  CondrtancenS] -3 DMEM  ReloelLSE] MO0 ReCondI|LB] VR0 Zhaele] SRR ReTemled] 217D
FOEAIFDENT 4310 1 Condectivitylalios] - BIONESD  Tesceraterdles [ OBSMEDE  Condetance|al] 2OMESE-H Raolordl{LE] 1B Relond| L] TR0 Dhe(wd] -1 DEETEE  ReoToslw]  2.)1GECSED
CEVIFBEN 4310 130 Gedetivitadia) D3RS Tewerter(leol]  LOSOUEND  Conditwnceel] -LASTHEM Redlied{LB] G600 Relondl|L 10D Dheolsh) LR Raaleole]  2108MEEG
CEANFBENT 4310 M0 Codletivity[sMial  -I2BMERED Teentwrellesl]  LONSEED  Condmticele] L TNOVEE Relorl{L) MO0 Rasondl|LIB] V0D Dhaelad] SLI0G0EAR  RenTemelwl] 21106640
ROEATRDENT 4310 132 Codetivitylalen] <D D0SREED  Tesperature]fes O} R Condctancolal] -2RMNE-N Reslord{LS8] 1000 RanCond|[E3B] TB0D  Zheelad] <SG Revlomplad] 20016300
CEIFOENT 43 132 Codetivitaifa) -l 1SS Teeertwrelleal)  LAOSSEEDl  Condetwwce(sd] <DSIOSHEM  RaloedBLB] 160 ReeCondl|LEE] B0 Zhwelad] LNIETEE Raolespl] L 1CEES
GEANFBENT 4319 132 CndetivitaMial L IMSMEDS Tewerterellem (] LIGHED  Gondmtwcels] 2O9ITHEM RolocdL] 10 ReCondl[LSBl 160 ZheelaM] SIIIBEER RanTemsla] 2 109TTSESD

<I¥ 3-127> obFolwm(AA EE)olM EUE e At

<9 3-128>2 obFolm(AA RE)-obFolm(AlolEd o) Eale]l & w=A] #ele sl
stol AlA gl s g AlelES ol RUEYE Aol

- 134 -



B L T

Temperature: 2, 428082E+01
Conductance:  =1,EB53704E-03
Conductivity: =B.389133E=03
Tenperature: 2. 428082E+01
Conductance: =1, 383165E-03
Conductivity:  -8.G30909E-03
Tenperature: 2, 427262E+01
Conductance:  -1.933455E-03
Conductivity:  -6.031765E-03
Temperature: 2, 427427E+01
Conductance:  -1,3058196-03
Conductivity: -8,932011E-03
Temperatura: 2, 427098E+01
Conductance: =1, 933694E-03
Conductivity:  =B.402899E-03
Temparature:  2.426275E+01
Conductance: -1, 3BG16GE-03
Conductivity:  -B.572440E-03
Tenperature: 2, 426770E+01
Conductance:  -1.85RB50E-03
Comductivity:  -6,406203E-03
Temperature: 2, 4258951E+01
Comductance:  -1.386881E-03
Conductivity: -B.582352E-03
Temperatura: 2, 426622E+01
Conductance:  -1.857996E-03
Conductivity:  -5,408956E-03
Temperature: 2, 4Z562ZE+01
Conductance:  =1.387477E-03
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<Y 3-130>2 Ao sl BAL ske] XbeeE AHgdhel, $0%e Agd wY)
Heg Avtolth. AAE GPS, &35 RAA, CTAA, EFANE AH&a i

D XbeesAl Aol E9 o]

@‘.-’_- 20 (Arduino Mega or Mega 2560) — O B

k]
moCmT TNTU TEST_AaruuTnuo, TTISYSTEIN VALULS (ZU.VU, 40 .U, NWULL) A

INSERT INTO test_arduino.gps VALUES (35.075642,129.086820, NULL)

INSERT INTO test_arduino.ct_sensor VALUES ( —0.014984699, 25.76715100, -0.0032440422, NULL)
INSERT INTO test_arduino.weather_sensor VALUES ( 0.15, 1.5184, NULL)

INSFRT INTO test arduino. insystem VYALUES (27.0,53.0, NULL)

INSERT INTO test_arduino.gps VALUES (35.075630,129.086820, NULL)

INSERT [INTO test_arduino.ct_sensor VALUES ( -0.018286370, 25.71431000, -0.0039588208, NULL)
INSERT INTO test_arduino.weather_sensor YALUES ( 0.25, 0.7173, NULL)

INSERT INTO test_arduino. insystem VALUES (27.0,58.0, NULL)

INSERT INTO test_arduino.gps VALUES (35.075626, 129.086820, NULL)

INSERT INTQ test_arduino.ct_sensor VALUES ( -0.016834870, 25. 71760900, -0.0036445861, NULL)
INSERT INTO test_arduino.weather_sensor VALUES ( 0.20, 0.9965, NULL)

INSERT INTO test_arduino. insystem VALUES (28.0,60.0, NULL)

INSERT INTO test_arduino.gps VALUES (35.075623,129.086820, NULL)

INSERT INTO test_arduino.ct_sensor VALUES ( -0.016844230, 25.70605100, -0.0036466122, NULL)
INSERT INTO test_arduino.weather_sensor YALUES ( 0.05, 1.5184, NULL)

INSERT INTO test_arduino. insystem VALUES (28.0,60.0, NULL)
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-0.01705788

265348388 » Xbee =413}

-0. 0036929

0.25

+.712

25

39 T A7}

35075519 HE 852

129.08670 /

INSERT INTO test_arduino.Zgps_land YALLES (35.075821, 129.086940, NULL)
INSERT INTO test_arduino.Zbuoy_land VALLES (25.0,42 0,552.0, NULL)
INSERT INTO test_arduino.2ct_sensor YALLUES (-0.01705788,26. 5548388 ,—-0.0036929, NLLL)
INSERT INTO test_arduino.2weather_sensor VALLES (0.25,+0.712 NULL)
INSERT INTO test_arduino.2buoy_ocean VALUES (25,39 NULL)

INSERT INTO test_arduino.Zops_ocean YVALLES (35.075519,129.06670,NULL)
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<1¥ 3-137> design of the testing Buoy for ocean observation>
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<3% 3-23> Specification of the testing Buoy for ocean observation

Item Dimension
a7 736(L) x 736(W) x 600(H) [mm]
5 A 50kgf (in air)
F A 10m
S 350watt x 2EA
=
471 300watt x 2EA
- On board computer
Aot = NI DAQ Board
AR RS-232, Wifi
vl B 2 25.7V-6.6AH (LPB) x 6EA
DVL(Doppler Velocity Log)
A = ZA TCM5(3-axis gyro-compass)
A8 AA Pressure Sensor
GPS
(2) §A 7l A AE2 T4 74
AFBSE Folo 7t 84 FAFAY FEFAS BAstY g@A 7tk AJAEe A
As A A 2 839t <289 3-138>8 HUtEE

L

250 3) 257.128
E '\Cﬂ
= &) 190.745
- ©® 1621
ke 15 @-150.915
™~
8J @) 118 85
oyl 100
ey &) 92.88
aﬂ @ 71.254
7o 5
L © 4094

R
[iF]

40 4o
0= 0=
o o

ol

:25cm

35

<719 3-138> Analysis of the center of gravity and Buoyancy>
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<1¥ 3-139> Location for field—test of the testing Buoy

AR A o

=il
=

914
g a7t Alof ol A

A zbel W}

1
o

& = [ a2 @ = w 2 W

00
<430

Ao il il " "

_”1_mu_u“__ 2|8uy Bulpea

-4

Time [sec]

<71¥ 3-140> Heading control of the testing Buoy

- 143 -



0.4 T T T T T T T

SNSRI SHUPPNS SIS SHRMO: OO SO
—
E o7f- Lesuste Sorzves Fsseas bepssias Feremens . e ~
=
<
[= 8 ' ' ' ' | !
3] [ R A A S S B
L T e -

¥ i i i : | : |
0 20 40 B0 &0 100 120 140 1580

Time [sec]

<71¥ 3-141> Depth control of the testing Buoy

44 (way-point) F=FAANE FHFeEN fFdSE Folo A = AAA Hes

AN

X [m]

<19 3-142> Way—-point following control of the testing Buoy

A9 9L Fo ADE
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Fole & 4 B A ss

o

Q15 o,
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temparature  humidity date 24 e
O &% 2 45 2016-05-20 175920 Rt osima ey _ Rucle; | Aitude gpinate
i b i [0 # ¥ 35074627 129085770 2016-05-20 180205
t 7 % i2h: A ST [ theopocem [l # X 35074833 120085770 2016-03-20 180227
|f‘ i .an A SR R IR =.m"_ ' O # ¥ 35074838 L:0085770  2016-09-280 1R0Z34
H ke 2] I RE b R 0r0 I S e L] |2 ¥ ssp7ésss 129085770 2016:05:29 180255
- g S =G AL P 1 2 ocean [1 & X 3507438 120085770 2016.05-29 140318
o : _“ 50 (@A eRZR 150802 =w' [112 % 3507de3s 120085770 2014-05-28 180340
o~ * A el i, el O 2 X 35074638 129085770 2018-05-29 18:0402
0o N 46 2016-03-29 180317 []/5* X iso7des0 129085770 2016-05-30 180608
g 24 i 2016—0‘5-29 m_ﬂt“ [0 # ¥ 15074850 129085780 2016-05-20 180530
L 4 il S [] 2 % 3so7a850 128088780 2006-05:20 180839
A 24 Al CEDAG 0RO O o ¥ 35074650 139085760 2016-05-28 180647
mr 2¥ S e [0 2 X 35074650 129085780 2016-05-29 1B0ES4
0 & x 24 48 2016-D5-26 18:06:38 [0 # ¥ 2sp7dsso 120085780 2016-05-20 180701
M S i 45 2015-03-28 180646 [l 2 (% 3sb7p50 | 123085780 2016:05-28 180708
1 8 2 47 2016-05-29 180653 [1 # X 35074850 129085760 2016-05-29 180714
L £l 47 2016-05-28 180700 [ |2 ¥ 35074650 |12670885780 |2016-05-28 160721
0 % 2 47 2016-05-29 18:07:07 [0 # ¥ 35074850 129085780 2016-05-20 1B0739
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i 25 45 2016-05-29 180758 [ % ¥ 35074650 129085780 2016-05-29 180622
b2 X = 45 2016-05-20 160807 O X 35074650 120085760 2016-05-20 180829
R gl 24 47 2016-05-20 150813 [ & ¥ 35074850 129085780 2016-05-29 180836
B 4 ] 46 2016-05-29 1E06:21 [ & ¥ 35074850 129085780 2016:05-20 18:08:44
O % . 46 2015-05-20 150828 [0 & ¥ 35074682 129085780 2016-05-29 16:08:52
R 25 45 2016-05-20 150835 O & 35074642 139085780 2016-05-29 160500
X o 48 2016-05-29 150843 [] 2 X 3sp74ea2 129085780 2016-05-29 140508
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o TEC62301:2011(Household electrical appliance - Measurement of standby power) T2 9l
mel AXAWHS 9ot o] A4 AF JHAERE FoF Fo| AAste WHolng &

Azd Y Zgol Atk

Qs

HBes
Comunication

(1) Buoy System 42] AH AR =4

(7}) Buoy System 49 A 8 4

- GPS Module(Arduino Uno+CAN transceiver+GPS)

- Ultra sonic wave Module(Arduino Uno+CAN transceiver+Ultra sonic wave Sensor)

- Temperature,Humidity Module(Arduino Uno+CAN transceiver+Temperature, Humidity
Sensor)

- Gateway(Arduino Mega+CAN transceiver+Ethernet Shield2+XBee Shield+XBee
Module)

- LTE Router

- 12V to 9V Converter

- 12V to 5V Converter
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(6) Buoy System 19| d#HAw =4

(7}) Buoy System 19 +A 8%

GPS Module(Arduino Uno+CAN transceiver+GPS)

CT Module(Arduino Uno+CAN transceiver)

Weather Module(Arduino Uno+CAN transceiver)

Temperature, Humidity Module(Arduino Uno+CAN transceiver+Temperature,
Humidity Sensor)

Gateway(Arduino Mega+CAN transceiver+Ethernet Shield2+XBee Shield+XBee
Module)

12V to 9V Converter, 12V to 5V Converter

CT Sensor
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<CTAAM E& 5 S/W>

#include <SoftwareSerial.h>

#include <mcp_can.h>

#include <SPLh>

unsigned char can_data_C[30]; //Conductivityoll 33 3l= CANE] ] E
unsigned char can_data_t[30]; //Temperature®| |2 3sl= CANH o] H
unsigned char can_data_c[30]; //Conductance®] 339 3}+= CANH| o] E

unsigned char buf[210]; //CANH| o E] A #3-7+

unsigned char Request[1]={'R'}; //Header R

unsigned char Ackl1[1]; //Header Al

unsigned char Ack2[1];//Header A2

unsigned char len=0; //CANH|o]E Zo]

unsigned char Sensortypel3]={'S’,/C'",’T"}; //Header A E}FY
int count = 0; //RbE B b E W

int 1,j,k,1,m,n=0;
SoftwareSerial mySerial(4, 5); //CTAA RX,TX

MCP_CAN CAN(10); //CAN Tranceiver®} SPI's4lst= AW

void setup() {

Serial.begin(9600); //PC-o}Fol= Al FAl A%

mySerial.begin(9600); //oF 7ol m-CTAA Al E Sl A2

START_INIT:

if(CAN_OK == CAN.begin(CAN_250KBPS)) //CAN boadrate=250Kbps

{

Serial.printin("CAN BUS Shield init ok!”);

}

while(1){ //Ackl& W& 7h#] R Headerd &

CAN.sendMsgBuf(0x10,0,1,Request);
CAN.readMsgBuf(&len, Ackl);
Serial.println("Need Ackl receiving”);
if(Ackl[0]=="A" && len==1)
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