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Sensor Network System for Littoral Sea Cage Culture Monitoring
DongHyun Shin" - Changhwa Kim"™

ABSTRACT

Sensor networks have been used in many applications such as smart home, smart factory, etc. based on sensor data. Sensor
networks can change system requirements and architectures depending on their application areas. Currently, sensor network application
cases in ocean environments are very rare because the ocean environments have much difficult accessibility more poor conditions,
higher wave heights, more frogs, much heavier salinity, etc., compared with ground environments. In this paper, we propose the
requirements, architecture and design of a sensor network system for the littoral sea cage culture monitoring and we also introduce its
operation results through the development. The developed system based on our research provides users with functionalities to extract,

monitor, and manage underwater environmental conditions suitable to littoral sea cage culturing of fishes.

Keywords : Underwater Monitoring, Littoral Sea Cage Culture, Sensor Network, Underwater Environment Monitoring,

Sensor Node, Gateway

AV

AT AR $4F 2

Al
—

Ol
ro

A ES 2= 2ESE, ~utE AEY F kgl FopolA] A4 dolg 7|ghe &
ofdfl whe} A2l opF| A, AL, AA] Fol EEAAl "k a4 A L A F
I Qo] AMUES A S&2oprt s A2 Thalo] vk wheha

Z

M, AR wof detd =4

g AlaElS AT e 2 =Rl A AAIG Alzglel dis AA LS S 28shHA o
= *

Sl 3% #F EolHE

e Azge dea hFe 34

—u
o 5 BAEx

B
flo
Ht
it
ol
ol
2]
a
ni)

AT AAVEHZ A 2H

#33 gk 0@ AMEYAE 1 BE 2

Aol wla West 399 oldn e

2 12 mRAAE A2 Fe ¢

As Abee FA% 2UHYS 9

e A%E ANFL B ATE os

FHoZ Pl 98T AF ABY BAL T AT Pl A

1= - 3 ZLHE, AT ML, MMUESRS, i &8 ZUEE, MMLIE, AH0IEH0|

1.M &8

AU E A= 10T (Internet of Things)e] 7]¥ko] &=
7e2A HFEA, ~nE g AnE AEY FAAAE T
olg] Hoko] &&x 3 9tH1-3]. AMUEYAE Fig. 13

% This research was a part of the project titled ‘Development of the
wide-band underwater mobile communication systems funded by the
Ministry of Oceans and Fisheries, Korea.

% This work way partly supported by the ICT R&D program of MSIP/IITP
[10041813, Technology Development for USN-based Energy Management,
Marine Sensors, Sensor Nodes and Middleware for Efficiencies and
Enhancement of Marine Industry]

t# 3 9 45QF s AFE T} g

g 3 A dFdetn et ur
Manuscript Received : August 9, 2016
Accepted : August 29, 2016

# Corresponding Author : Changhwa Kim(kch@gwnu.ac kr)

ARt AMUE A= dubdom Apgte] A Hd
T gl el AAE 847 Wi FE FA A4S
Tadet A 49 A5 =2 g, W, HE S
=3 fFom s A &4l HE HAdel H HolA
A A wATE g5 ofg die] Jn5-7]

53 el 4L f2 Al A+ &= a5, 2



(2016. 9)

[=)

[l

A M9

=1

NS

ﬁ L=
) ASA0], L& o]

X B K
1A]ro#eﬂw,ﬂ J.
ok o) TR oﬁnqvAﬂu;PmoMﬁN_u A
ﬂiﬂ%}ﬂxﬂﬁwommﬂnﬁo
Hoﬂﬁoﬂﬂmmﬁcnfllm }olﬂum,u <
N %fa@ﬁﬁrﬂnﬂ;ﬂﬁﬂﬂ%] Fx
o BN o 2 = pe 8= Mo < —
iAd.LALl 1o ) -
B WO o] B < & DT
TE Afﬁqofﬂi_f Do mo %0 TE A T
e owﬁ.ﬂq&ﬂur %ou]m_l%o <0 ﬂlmau < W T qr <OmE E o T
il %%mﬁo%]&%mzﬁv@mwﬂ CRML i Mo fr%%@n% OT%mﬂﬁoﬂ
% QQQQ4QE%4OQEE % o CreEiEx .%Elyﬂ%.
= o uo & R Rl L + e ™ ) drws X F
u Mo oY ) p lio# 7o) 7 B 7ol o o E A= oo BT o
Mo L B o5 S R - E & rw e B il =W
=< o e N S o oo ,AIL — K oF = o my ok . = T < - RC ) M.H o o H oA ~
Jo W e IR Y <D or Toam W H T o SR ST R o 2
i ] FOTHRT Lo Xy S T e l@go1loyo_c K g
N ~ fla M- o ) e ™ o . m o< ‘lelq o it o =

Do w P R ;zjmaal%phqm, o
T E_ﬂuﬂj1ot@c1r o o B OBE ) T O R ot 5 LiooPu]ﬂ_,ow_—m}i S
= =3 o \WX —_ W.,L Z.o o Jl IHrO O~ =5 - iy ~ EO = E ™ et O?._ o J_,ﬂ ‘R ~ HA_I \_H_OI OA %) N X OL or o
S JLlEioT.nt ,MMHATML@L%@MO ok Ei 7 = ﬂmoﬂaﬂwrn%uusgo%wﬁmmjlmaemat
- MH&.iuum%onlﬁ A~ - i z N R e ma7x1r7zo
. TE NGy e BT WX PIR AN w o © N I
o 0 ]ﬂ%tﬂﬁﬂﬁ%ﬂu] J%x = N_.Hlljl Eoﬂioq.a o)) Lo w%ﬁﬂamﬂmﬂﬂ7o
b wﬁoHLﬁMHUrmq_s%mofr% T koﬂuxwﬁ oo > ﬂokd ioﬁiﬂoﬂr.ﬂwfaﬁ
o m z__aﬁﬂow ofﬂﬂ].%% ) o5 D o T " @]w%m@gmro_zmo%MJ%%
=N aﬂ%oﬁo ATiﬁwruuBOtoﬂoNLumM o4 ﬂuu]ﬁu/r 20 oﬁmaqﬂ _lﬂ._ﬂﬁgo Eev]ﬂ_,o_so_l
. e I e, RN 2] S T o oglgoﬂ@uw o
. TR @_0%21%_5_ AR = LoD T = AN R

T ) d s % do & M K ~ g F 3ra’ G T B AT )
) = o o =0 o P MR Al = e <o T o o _ = w0 I e o
s_sﬂioﬁlmﬂ%tis < == A% 0 %7ta«_s%%iﬂﬂmJ%l &L

= W o o BT o TR .ﬂ_.._ N il o MT oy TE HF T ofn <y ﬂm it o mE N D X

o do < T e G T 6 @ﬁi%ﬁgmﬁﬁeﬂﬁom%giﬂ =
—_ - —

R o e Aewm O Dwuﬂ%gmﬁﬁﬁ%%ﬂ1%;% b
— X = T o

& o T o_uaf%o#o:WdurmaLEﬂML%ouT o

=T X o T HT?@%T%%E_%%AHQW w

LﬂW ﬂrodi% . FAER T o =y W il

umhdﬂﬁo 4 meumﬁlu,mﬁM: om_,HﬂHﬂthonﬂ 71_tfoﬂﬂon1rr N
murgoﬂ,g 25 WM@%% %nﬂmxnﬂﬂwﬂnmﬁﬂﬂE °

o TP i 3 i n ﬂ%aoarmmﬂ%ﬂ%ﬂ e

=W w 8 = MH = F HWLZMTEQW@%W %Mmuo )
Y £ A s o Moy il w o T zh o) T mW wo ) iy o o B
= X 1M g gl 2 1] o = Moo X Mo to o N —_— T o ol w o
T xT a8 mﬂﬂWmﬂ7 ﬁut,#u_. uﬂ mﬂn&ﬂm 1M_€w€u iy
| —_ ‘0 — o T o LT
oo P 1] g %W%%% o__émom%l}wﬁ%mhn i -
il O P g g TR gl ux_sﬂé ° M Moo g T R E
A = 5 = v TH oM ® o o e B o TR - 0| ey o R o
VI 2oy 2 il R A ST G %%lz =
OHHOT a 2 W [aN} HLL‘H - —_ Exﬂ Goll LC ‘nIVE_A/ﬂﬂ_AlE ,QJIE.E 1t.u|7 m

o E g 2 N oF ! < e =X w o T W T Hlo
we % Eol s S L HE B ooﬂao_x1~wlAu T
of TR & A IR BN LeX X iﬂziwn%
oK w 485 ocaobwﬁ_@ uad.iwmm G ,ﬂﬂ&ﬂ zTA%t7aE
LERE - W S BT oo o maﬁos@ao#?%ﬂi@ CEusHE
® < -t i S H@aﬁibo%ﬁ@g;uaus VﬂﬂEEk
LT o s 52 74| & mo PAEE w T LaTE o ﬂ;i%_}o
E.oEHu = [ S EOATZ.O A_lﬂyl]L.Jlﬁ.EoA_; ,_Ao]M )

N = 5° 5 3 © K m T ol PH%MS H o = . P
- 55— moxr 2R L G+ P g B o X B 2N i
SVLE% 88| H%%E%ﬂ.?ﬂ@%%}@ﬁkn%ﬂﬁo 1%&%%7%
PIKC Do & _oﬂ&mﬁﬂ%ﬁﬂ?7%zzwsgﬂog o S g
T oF A~ L, g0y =z M o o W o © 20 X oy 9o m

R TN < _® o BT
%ﬂAamﬁc]% ,@ﬂoﬂﬁ%%%ﬁﬂfs 1y piw T, b o
oEﬂﬂ%%@%ﬁ?dﬂﬂ%ﬂﬂgﬂo TR R K

| u! pons oS i) < %Eﬂq o~ 2 o

,m.,_o#ow‘l]ﬂkioiooLoo o A ﬂeav —_ EouAl,
T < W h el 7o iy T < 5o ol W = 5 et 0, ol
T WO RR \%E%Eﬂ 7l ﬂWQﬂixdr W
o o LR Hﬂmelamnﬂg u

wom oL TTENT
N A,mﬂ7_i rJ

2 ﬂﬂﬂ

~ ™ o Mm .

& ol

5

o R
t}. Fig. 29} 7ol

pad

o 3l

70
ST H]'7HH]9/]_ 7EL—°-1-?‘0U
= $E

9|

=)
=

SHA

°

o A

DB BUEY Al&E

A4



249

H7] o

s oF3

9|

E

ot WMUIERT AIAE

o]

=
=

Ede]

iz

atef A

S

fe]
=

A

o

AA dlolg 43 7]

Sie)

\

A =l

=13
=

Aol

iy ~MWT R T WO BT MR FoEETB YT T TSI T bW AT HTs =
&wm TRess xwfal @_aA;;Eﬁ%c_o%uwaoﬁoﬂaﬂm P
- 0 3 N T ®E - ol g - o T o
Z o FA2%d THT oD T W o w0 o o B o L Fop e oewm S F
~ X RN HL ]OL N
3 W Qlogo Ho s wo o AN 7wz =& KR o o wh - {0 b Ak ) =
T = T do T W T T T m oM LM e S W e T w0
= T, Wy 2T S E TN e oa S T T X A F o
T nh T T ~ B o X blo T T
w o BT L R ® E,Eﬂqw@ﬁﬂog%ﬂm%uoﬂov Hlﬂ]xrur,a 3
o 0 o 0J|1_| X = X vai __4“%
T b molwwl T gE mwﬁonL&erbﬂ,mumHau&loommﬂ %vwm%syx% iy
TN B gy D R Ry I I T i O Com W ow
ST B o= #@ Gl TR I oo P R 2 W D L}
T 5 PR Ume o R T TR B T I vy P TS I3
s o wp _ A1 AW " wmLZ L T Em o ettu%gkﬂﬁm _ AowEN B N
w|¢| oﬂaﬂblwﬂﬂ MWMK‘Dl]ﬂo oJMﬂ _ﬂx_uu.mio#i ERC hAlotho &-L.r of oF o5 W\lu
o ﬂuﬂ‘w_;.mﬁ&rﬂhuﬁpi ﬂwﬂzﬂ o %_l il .M o| ﬁoﬂﬂ%orﬂﬂ.ﬂﬂ&r N E_Tmmﬂﬂ_. > o ﬂedﬂﬂa T o G
: & FameTEw P wT rr S - a o ox 2y
wﬂ% %&:ﬂ%%@ﬂﬂ%?ﬁ%y m_xgwrw_wﬂfﬂr%%w_zﬁ%ﬂwwmﬁ Mmﬂm« W@Wwi@ﬂh%ﬂnow
3 o — Y 0| (ol T
B WAWLﬂ,ma%Mgﬂlﬂ@%@r irawﬁwkw%u@%&mﬂg%ﬁmu%_ﬂw ® B Lcmﬂmﬁ%%]ﬁr
e BA E R E s pmdwln o Erwr Pty ymew o T By KT e
T gL sPemoeE T~ M TRt ® ) mm o M ® %%%ﬂo%g%ﬁmﬁ
@ 7 im%%ﬂ%%ﬂmﬁ%%Mﬂﬂ %%ﬂﬂ?i%%%ﬂmmuﬁmﬁ%ﬂ}rdr > M BB A =
ue Tyl sgr e T _,4MW%%@%M@EH_Tg.ﬂ@rﬂ%oi ﬂ%%ﬂ%%@%ﬁ
o oy R T _ T RO T _Twm R AFTULgH g R g RE R U o= K & © o B oA
B BeXH e mTRRe P PTG ARE ) HEITT _DER
o — far g — . = - . = o} !
TP s¥zzw e cn g E AT " kBT T Ny 2P oo T o T
%o 7 HEAEET OMNT I T MRBEBEREH BT E TR KK oo oM R ow M
PR W Tdomeg TENT AT WD T S
oA L T o T T RN KW B
o] S o _J X g L 2P oF B R o i EE LS
g EF =z T g = E%WW@%lig_ < . AE -, E
0% 5 = N X —ar X 2 u T © o o =1 N
R N K W ) BN TR e X o wm
= Cl BR ~o = Orv —_ o ) .i o o X } X~ N C#
N S P L T g BT R T T
— e )] — —_ )
TR e 2 = ﬂﬁﬂu@%m«_%%%ﬂAd%é s s P
NGO S = B 2 o w® ST o X = W T n pox
o+ uy 5 ™ oF No ) 2] = M o) T W o
$rizo.o - BE e BUmR A 4T ®odagmdB kT jITE
OW%M@%%M 5 ﬂMw%mxwm%ﬂwﬁxféwméwwmwm Y R
Kog o X MR @ T - T o= T T o L omm o W OE o= o o
A g TdThomoRiderg il I N
mm?%.mv%jmﬂ E guB , FFTE T onT? ReTE B
® 2T 9~ % s o 4% Pl T P — T T =
THEETET g oﬂqw._ﬂm_ﬂwﬁwwiwmmga% © R
L N \J_L”‘mﬂ N ;Ir‘VI 1] IS ,A,IML S o - o 75 ! iy X ] 11
te = -2 = — 2N i_AoEo‘mIOfEO wjr ]ﬂﬂéeo
o o = T XO D o X
eI ATIREY I NI o FadERx
B _E w8 s £ ST xMa EEmE P EaT I
HT g TaA® g HT@AET ) gR o uwEFEe TP A Mg
ﬂl.Wﬁﬂﬂ,Olﬂodlm‘_t . E,ﬂﬂﬂt,mwﬂ‘_ﬂa MEA_I‘.&HEA_C‘OIEOPF .ﬁﬂpOtﬂ&ﬂ.ﬂﬂL
QLAJAIN..OOEIHJIH#IO ?_ T oy %omﬁ%%Mﬂﬂ/eWE.w.\amuﬂ%mu ﬂx_ﬁoﬁoMﬂorﬁo
B 2 R B mT¥eoe— Sxx O & E e ® T
R D X me® o g XX g Ul b Womou BB
%%%méﬂx 5 ﬁ%%nr%Eu.?%ﬂvﬂﬂﬂjtiﬂ Ao H o o
o = —— — —~ = . X = —_ =
I R SFETB TP WL T LT FERETUTHE
A ol R H=Tw e R WAl PR T E R LN

i FSollAds 3

]

[e]
R

7=

N
T

=

3)

|

AHE

R

=

=

GPS

A

bol e 9

°]-8-3]

[

Tl A

p
L

RIGER

o

772 97



250 dEMeEsl=gX/AREH X S8 AIA" MbE 9= (2016. 9)
Integration System
Meonitering Data Analysis
. t 1 A Sensor Data
Base Station — Eﬂ W IIlI.I Information Message
EE R ey
/ Real-time control
Sensor Information
ensor Data TCP/IP Internet u TCP/IP
- Ocean Environment b, ‘ /
— T Monitoring Center
Gateway ™ .
crEEr Mk Stats./Data Analysis Console
N —
L2 =
Underwater Sensor
Management Consocle /
Fig. 3. System Architecture for Littoral Sea Cage Culture Monitoring
SE7h g we opel, Sde] weh gvel A% S22 AolEdolx ARET AoEdolsh A eEe) A
t27] giol A 4ol ofEE dHe] Stk & A=l A @A A E Fetd = e 71Tl A,
webd] o5y wES FE ANY A 94 AX
ek EAE fdstr] e WS FEd] nEdof gt 3) AMw==o} B9k FFAlA
ANwEE 5 Axge 2dd ge B F3A4=
32 ATeh TAUAZ 9l MAUEATAIAY ofz|el X AA dolE 84 F/E WA 5 glov By FEAA
2 AFEHAA AEs AAEYA A2"e Fig. 37 2 A F71d wEk AA deoleE a3t} Eal =34
2tk A|2ES FASE 24E I ASE) FAYY B Ae A=z 240 wel AA dHolHE A== A
HHF I dolg A& 9% % Alzg, AlolES o], Al ot 9%s 9dert
Mwes, B8 £3AAE o Rt Bi £E AN & whof AACES}F BE FEANR A4 dold 248 3
e dolge AXA=EE F3f AclESel® Adya, 7 A AFAZE Wol AA vlelHE FAlEHA R &
olEgolol e AM=ERFE F413 HeoHE FF A& o FEAAY #e BF FE Agste] AoEgolz A
Yoz A%, @k A4 olE ghol TR Holglt AL, B FEAA
i oA AlA delHE FAeHA] fsto] B s A
D) &5 Az Al sl AREARA e Bt
T3 AR 5 FEAAREEH F39 AA delH
£ AFHoz AR okl RER AFATE 98
= A
2 ov, AolEdlols ANwERRE we doge e 4 HIW FUSHE HMHENIA2E 2o
ZIZEZS AR UEYAR AgdFe 988 st
o]2 93 Ao)EY o) MA-EERE Adde fo]g 2 Aol doe] FaAgAS AMUEAR AlLE of
g 5% Aador A2 3 Azagoryy oy V1WA TERASA B Axd, dolEslel, dA v,
o golgs MAw=te Agas ks ) BF Ax 53 FAA, g oA Aol A A HeS A
d3t AolEgo] ol ABUS M-I At HE .
2) AlolEgolgt AMwE 41 88 Al2d
AR=EE Ao|ESol2RY At vAR & B3 + A FAdAE AT T A& Fig 49 2k A
FANZ AdAL, BF FIANZRE Be AT A ARE FAGHE ST Azl e ¥hoz WA F o
AclEgelz Adste A3s vy =g A F7] ¥4 oEl W o] 2ol #]7g3lH, Alo]Eg o], A, AFEAL, Gk, 7}
o wet 53 FEAAE AN dolHE A% gt T T8 AT F vk =3, FHE AA volEEY
AolEg ol &3 AL ORRH e AAE AlMx== AUZE, F3F, A3, 57 BAE D o, @A AA
2 Ade, AXres 53 FFAMERH F39 HolH 3 AlA e e ol /5ol whet dEE AlE e



FMS Model
’ ’

Sensor Data
Collection

O-—E i"*’/————ﬁ—r: ) DBHandli

- Sensar
SensorVelue | | oo

Feed
— =
— Management
O—Ete.
T
3 - HR
0 -
o2 s G
@
D

Fig. 4. Monitoring System Design

42 Aol Ego|

AlolEglol= Fig. 5% 2 FxE AAsHrh 2
MCU, RFEE 1, RFEE 22 743}t RFEE 12 4
o B Azdste AL 98 AH4s, REEE 2 A
Mrrete] gAld ALg¥En, T3 RFEEZ5EH B oo
o} WA ES MCUE B3] A€t

RF
Module2
RF Module1
MCU
Gateway

Fig. 5. Gateway Design

43 HMz=E
AM=EE Fig. 63 22 22 AAS9 A=
MCU, RFE&, AlA IHdF o)Az FAFojglom MCU
Ba 23AM0A =49 HolE & RFEEZLYH
H AR g A wgEsie, A QlE o]
& =AML Falo] s dFE 9EE 99

1

B[ (e

o
=y

>

Sensor
Interface
RF Module
MCU
Sensor Node

Fig. 6. Sensor Node Design

Z

AT JHFEl YAE ZLHEE 218 MMUERT AL 251

44 3 FEHAM
5§ FFAAME Fig. 79 20 DO, pH, &%, =& &
A e A AAZE o7, T ATFAIH A

= -
g B3 A4 FAE AR B 5 RS ARG

Sensors

A% AqUENA LA

]
Fig. 95t o] 3wy

BY A2, AlEd o], Az,
o NS A AgsE WA

lo gz r



0

202 ZEMelge=2X/ERFH

ofm

o8 AAE HST M9=(2016. 9)

A

Monitoring Gat S Nod Underwater 51 SEAILHE D HolEHOZL 84 Z2EZF
System ateway ensor Node Sensor 231 /\Eﬂ ol E EX ASY
4 _ " cHREUE Y 1 131 Al Ego|zt Faldl AMEEE W]
—Le AR FRE PGS, AL om, FR9 Alse
res o3 2
T s P AR EREUH YA Ao Edolt A4
I F18 A4ar1E ades WAAS deE e
{gensing Data) 2 Fig. 108 22 Fde& Ado. X9oE start,
Pror’s’ (Reply) 2(sensing Data) command, gateway address, sensor node address,
ProrGar's Repl) 1€ censing Dt sensing period, end® ™, starte] 4 ‘<= Al
Q2 F 1—0 o) ) o=
7(Sensing Data) g-ato] A% A2 command= P, ‘G, S, ‘7€ At

- v ~ c 48 4= 9Jom, Z} Ex}o] whg} sensing periodel] OH%
e Ugo] WAE 4 Qth a¥Y Po] BT EY

Fig. 9. Communication Sequence Chart I
Al Z=Elo] A= AolE JOIE PHAAE &

3 41 %71
g % 992 WY 89T 5 gov, ol uE $Ho

FTHEPAAL GIAA, SHAAL HAA 7L 9lom,
PrAA s 58 oA A F71E A6k A bl
AAL STEIAA S A= dE Z9S A vAA, G
AR = Alo]Edol o] el 1S 913 wAlA], A A]
=AM EolEE Rt

2 age] xde sigsts diolgE gt
o ‘G HAIA : AloEgl ol HEE el ASE Fig.
109141 (c)9]

(c)9} #o] start, command, gateway address,
end XS A

1=3
%k, o] e $HO = Fig. 109 o}

Byte: 1 1 12 5 10 1
Gateway Sensor Node Sensing
Start Command Address Address Period End
Byte: 1 1 8 6 12 5 3 3 1
Gat Sensor Gat Sensor
Start Command Date Time AZ;‘Z:Z Node aLeg;ay Node End
Address LQI
(a) ‘P’ Message
Byte: 1 1 12 5 1
Gateway Sensor Node
E
Start Command Address Address nd
Byte: 1 1 8 6 12 5 3 3 10 10 10 1
Gatew Sensor Gatew Sensor
Start |Command| Date | Time aeway Node aleway Node Sensorl | Sensor2 | Sensor3 | ... | End
Address LQI
Address LQI
(b) ‘S, “? Message
Byte: 1 1 12 1
Gateway
Start Command Address End
Byte: 1 1 12 2 1
Gateway
Start Command Address OK End

(c) ‘G Message
Fig. 10. Top : Integration System — Gateway, Bottom : Gateway — Integration System



]
C
T\_
o
1o
hltl
TOt
rx

HMHIERIZ AIAEH 253

Byte: 1 1 12 5 10 1
Gateway Sensor Node Sensing
Start Command Address Address Period End
Byte: 1 1 12 5 3 1
Gateway Sensor Node Gateway
Start Command Address Address LQI End
(a) ‘P Message
Byte: 1 1 12 5 1
Gateway Sensor Node
Start Command Address Address End
Byte: 1 1 12 5 3 10 10 10 1
Gat Sensor Gat
Start Command areway Node areway Sensorl Sensor2 Sensor3 End
Address LQl
Address
(b) ‘S, “? Message
Fig. 11. Top : Gateway — Sensor Node, Bottom : Sensor Node — Gateway
Byte: 1 1 1
Start Cormmand End
Byte: 1 1 10 10 10 1
Start Command Sensorl Sensor2 Sensor3 End

Fig. 12. ‘7" Message, Top :

. ‘S, U'”/\]
109] (b)
1o o

ST (e}
xUls

2L

A= AHE Felsle AoR Fig.
x| FFsts AeE doltE HdEat,
Lo 2 Fig. 10(h)¢] ol 2ol st
FA8HA €t ol gateway addressQ} sensor

1o,
iﬂ

» oo

node address® AT 4 glow, BE AoEo =
S ANEERRE S-S v A 7é—°r g Zlol
Ta 2 TE AYA 2

o VAR AN EREE AC]Eg |7} AA Hlo|E]
% ‘F’\Jﬁi 73 B Aadoz AEet) oju ¥Wle

52 Ho|Ego|2t MM -E

Ao Ego)e} AAx-E7r
2| W Fig. 113} 2t} Aol ES
EF A% commandel wE} XY
FHe 715 o 2o

ZREZ AMEHE w4
olg} AMAM=EZF FAl T2
Ho] @A™, command2]

C S AR AN s BA 4HE 5] A o)
AAE AelEd el A=tz E9 A% A Fig

Sensor Node — Underwater Sensor, Bottom : Underwater Sensor — Sensor Node

b)ol Fets TR AEsy Ao Aol
—_.‘I"”o]i A28 W= Fig. ll(b ofz] TS A3
o} ol e 53 FFAAZEEH 7 dlolH

AA gL T
3 d

FTAANAE A9 &S 9

He A 53
3 Fxol sleepREo] WAs] ATh7t 138 £ AA dlo]
HE BUARh ‘SHAIX ] A9 A== AdH F2l

2 A% WAAER AN AA ge we Bt
G1ch. webd oL AA dlelEl obd WAel 4
EA5] A3 A delEE

l

et @k
o P HAIA] A =ET) Ao Ed o] 25-F Fig. 11(a)9]

EUS FAlEH AlA -S04 = Fig. 11(a)9ll A sensing
periodell dlF3t= F712 A F71E WA, Fig

119 ofef 29l st WE&S AloJEd o)z HE

g},

o P AR o] MARE ANEETF B FFAAR
HE AA dolEE Fale B9 AoEd ez bt
t} oolu] WL Fig. 119 ot 2¥S wEdh



254 FEMEISSl=2Al/EFEH H S48 AAE HM5HE M9=(2016. 9)

‘ ol AMgHE
AR = S AIA &} AR o] 1 TR/ V]S v
3} 2t
o S HAA A =EE Ao EY o] ZHE Fig. 129 2
ol ‘SHAXE FAlEH HW B FFAMZ AA b
ole] 84& M Hi, EF FFAAE AA k=
71 dolHE o] A3t
o VAR L A RETE A FTld B 53 Al
A2 AA dolEHE 243tE HAXRZ o] HAAE &
§ FFAAE FAEE S ZHE AARER AA
dolel& A&atA vk 53 54 A5 oA
Zo]7] 93] Hao A FHES sleepR=

sleep el B3} 517] AaAE o 1129l Algte] 8
23] ol SA% SN g Belolwre

Azgl 78, Azwe

6.1 A" PR e

A B SA% AT AFAFPe] Ae FuPY
S A% A4 e £02 As ANUENDE 20154 1
Y~897H4 o 8Y 3 Fig. 139 AT BN 44
ERCELE IR R EA R EIRE
& Fig. 39 o798 Aga9a, wog 39N 1
2ol :eEo] o[ B4 94 A4 mesA Wk

Alzsgle] AMEE B AolEde] 1, AXNRE2 HF
FEAA =S 270t} o] =S FRE AA HolE =
HEH o 59 LUEHAHE A4 34 o 44

A

A delE
page’y

o Alo]Edo] : IMB9| Cortex-MA4(Fig. 14)
= : 512KB9] Cortex-M3(Fig. 15)

CAA FR - pH, 2%, 95

)

x
%

Bom
n

LEZE B AlE ol FikAlAEl o= CDMA
EA AolEYo)e} A== Alo]d= ZigbeeEAl, AA -
ol B3 $=ZA4 Aboldl= RS-485%41S A&ttt

62 Al2g) 73

1) ==3F dole $421% 93 BARE

AA ==t Alo|Egol= 7Hre] $27 9o AAste
H, A== AClEd o] Aloloe ZigheeBAl S, ACIE
glol= 71X 31 CDMAEA S dt) AN 457 (52, &5
A, pH, B R)E AR B3 A oA AA
dolHE FHste] AA w9 RS48 5414 st 7%

Fig. 13. Testbed Environment



255

ot WMUIERT AIAE

ok

—+— Interrupt

—&— Polling
T

60

o o ) )
< e} N -~
(yw)uondwnsuo) ABisug

—

=

>

©

= =

— [}

— +=

— ©

= S

<

of

(e

120

80

40

20

Min.

Fig. 16. Energy Consumption Comparison of Polling and Interrupt

—

=)

A=

o

i

ey
==

ol glojof st wirh

3]

A}

5

[e]
A%

NHoz A He A7

7} 3ol

K-

H

B3
=29k A7k A

b} A

afjoF 2

ol

=

¢ o

IREZ

5) wAIA

Fig. 15. Sensor Node[11]

Fow

3
il

b1 9

35

Y

[

s 7sE T

el

b

7] W7, AA oy &

= " T
ﬂﬁﬂﬂor
~ Ao
2273
)A
e o w My
Mo & 5 W
‘I‘JI(‘OI
o X W=
,m_unﬁﬂﬂﬂl
o] ¥ & =
BT
ooE X
o T <
el X0 E
WP w»
X w2
= g oF JJ
ﬂEOLE_ﬂWﬂF
Te) ﬂﬂ,_
oﬂaoﬁaﬂﬂﬂm‘o
TP
L I
i T
iFETY
RS
TR E
T ® e oA
ol A me o
n%uidlEMM
ZHoﬂJﬂ%q
= W
\a)A T Tl
iy ,Etlb‘_mu
=X
I e 1
Ezo%ﬂrar%
Lo g B
X — 2 o —
VO;OJILO
N T ofm X
— ﬂ.7”1_|
,.mlﬂo N
T 1 o<
FEzis
=T
*RELz
by ®
o o LM =
N
N B 2o
;o‘_&ln_Al‘olLH
oV m
o N X
ﬂoMATMoT
B LS
mw_&au%ﬁo
.
do ™ o 77
oK of MR

Ee
N
~
=
B
m
o~
ﬁo
)
oﬂg 5
bl =
oy
™o
L) or
o Al
w o
O
L o
o
i
Ao "o
= A
o
o ®"
o
n
st ﬂi
=
ix
ey
° T
N
T
ok
-
o ER
of T
o
= H
b
nl] m.or
2 a
e
7zog
wa
T
X =
T
. oF

T R

7]

A9

A

s,

are

3]

= =
—

Al

A, A ol

A

o olE A7

-1
=

she] A%

Ao

=

bol o

TAT

ol
=

ek AR

]

Edol9]

A

W 4

A7t 27

714 %3}

%79

’
[e)
A%

goltt. Aol

7
il
o0
oH
oK
|
<
o
0
Al
<
. m
WO
BX ]
5 =
w <
) =
o 3
w
%o T v
N
F - JL
o o Y
T T A
b ] ~r
T =
= M._ Em
EE
221
T =
B o
5 R 4
20 =o
- <,
s
= ﬂor Hlﬂ
no 0 vaII
mjw_ o W
o
& B
T2
e
B MR o
Bo o N
CUBMY

—_

o
N

<
o

Ny
=



256 EMEISSl=2Al/EFEH H S48 AAH HM5E M9=(2016. 9)

Table 1. Errors and Solutions of Integration System

Table 2. Errors and Solutions of Gateway

Error Types Causes and Solutions Message Causes and Solutions
[Cause] [Error Situation and Cause]
* Continuous thread occurrences of thread « Infinite roof after received ‘~2' message type
Thread routine in integration system server » Non-arrival of ACK message for integration
Overflow Error . fror -
[Solution] system connection message after -2 message
* Thread close after thread routine close reception
[Causel [Solution]
Overflow of * Abnormal socket disconnection due to * Setting the time limit of ACK message wait and
Socket thread close before socket close CDMA re-connection
Connection :
[Sotution] [Test Casel
* Thread close after socket close )

5‘ wapan o o Cho musinm e mren
T I mEE . wRT =

Fig. 17. Integration System[11]

2) Aol Ego]
AolEslol CDMAZ 8] EqAatlozm vAAE
ASAAT FAAS Ao 283+ HolE @%o] e
Al BAle] #I1A Ak ool Y@ yAoR Aol
A COMAE 2fs} A% 4 A7k 3inf ol 913 omu
O

P AAAG g BAZ BAE S gov, o h@
A A} AFFAFAAN HAEF A3 Table
29 2k,

21 RN 4R

o -5 : Net Open¢] A & Aejo] A TCP Opens Al
E3}AY, TCP Open®] A €< Aejo| A TCP Close

= pud [¢]
7 ENBA0| A e A
Aoleslole] A 3744 WAAG] A 0F AAL
453 HAES B withe] 4] dokse] Balo] ¥
et E AN HolHE AR F B4 BAo] FopHw

BUHY MEZ a9

* Condition 1 : Antenna separation at the state of
normal communication

» Condition 2 : LAN cable disconnection before
CDMA and server connection

» Confirmation : Infinite roof due to instability
communication environment

[Result]

« CDMA tries re-connect after ‘-2’ message
reception(after time limit) and communication
connection

[Error Situation and Cause]
* Integration system re-connection impossibility
* CDMA communication unstable

[Solution]
* Integration system connection after CDMA
re—connection

-7 [Test Casel

 Condition 1 : In the case of ‘-7 message
reception, antenna re-integration after antenna
separation

» Conformation : Communication failure

[Result]
* CDMA re-connection

Table 3. Errors and Solutions of Sensor Node

Error Types Causes and Solutions
[Causel]
* Gateway status : Off
Zigbee » Zighee communication instability

Disconnection [Solution]

» Zigbee re-connection after received orphan
message

[Causel

* Underwater sensor failure
» Sensor node failure

» Software failure

Sensor Node  Electric power supply instability

Down

[Solution]

+ If sensor node did not receive sensor data
during the given time, then it returns ‘F’

* Electric power stabilization
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Fig. 18. Underwater Sensor[11]
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Fig. 19. Waterproof Housing Casel[11]
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Aol = IBM SPSS STATISTICS 22 AM&
AAF F4 7, AHF 96% EAalE A4
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T4, 71, 1YY #AE AR v glon,
Table 59l A+ AAAAE Yetdon FddAs 19 4%
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Table 4. LQI Statistics [11]
Stats. Average Standard
Condition . Deviation
LQI 151.9461 5.98105
Significant Wave
Height 5275 .20656
Underwater 125180 29536
Temp.
Wind Speed 5.4291 2.80255
Temperature 11.2581 1.96493
Atmosphere 1015.7213 3.50910

Table 614 R Alw< 2AAsE AA €74 Helert
LQIel dvpnbgel #ate] s AAsh=A vehdn 24
Ag7b 1o 7hes 74 dHeleek LQIe] dddel &
sttt o714 = 000602 Avde] &2 AS & 5 Atk
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Table 5. Correlation Coefficients according to Environmental Factors [11]

P Factors Significant W. Und tel .
Classification Factors LQI lgm;;;zht ave nTeerH‘?g T Wind Speed | Temperature Atmosphere
LQI 1.000 021 -.031 -.012 -.044 -.030
Slgmﬁ}f;g;twave 01 1.000 ~504 781 ~519 - 162
Cpeafl S(t)_“ Underwater Temp. -.031 - 504 1.000 -310 410 -179
orrelation
Coefficients Wind Speed -.012 781 -.310 1.000 -.280 -.307
Temperature -.044 -519 410 -.280 1.000 -.061
Atmosphere -.030 -.162 -.179 -.307 -.061 1.000
LQI . 19 102 311 037 107
Slgmﬁ}f;z;twave 19 000 000 000 000
Significance Underwater Temp. 102 .000 .000 .000 .000
Levels Wind Speed 311 000 000 000 000
Temperature 037 .000 .000 .000 . .006
Atmosphere 107 .000 .000 .000 .006
Table 6. Regression Model Summary [11]
10
Model 1 9.5 -
R 078a ol |
R-Square 006 o
Coordinative R Square .003 = o N N N N N N N |
Standard Estimate Errors 597183 =
R-Square Change 006 % s )
F Change 2.032 8 1
Stats. df1 5 6.5 J
Change 6l |
df2 1664 —=&— Jenuary, 2015
Significance Level F 55} ~ - May, 2015 |
Change 071 —  — August,2015
Durbin-Watson 2941 00:00  11:00 2200 09:00 20:00 07:00 1800 0500 16:00
(Time)
Fig. 20. Underwater pH
72 A2l sitetA MA ololg 24
= doAe AA AT FASAS % AAESA »
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7 A 0159 19, 54, 886 F1¥ dold 77k 100 e
NS YeElN™ Fig. 207 Fig. 225 Z+2F pH, @9 +2,
g5 UEeRdth E“:-/] 49 2550 M hESE wor, & G 15 N . N . B |
) e i T T e A
& FEAAd T FfrEde] drpt Eolle=A9 F E
TE YEdh % ——o——o—— ——
20154 199 &A% dAae] §4e pHe 4% 774 °
oA watslglon 4 LxE 1037118 A4 &) 2
AA7t 24 ok 595 899 9w 199 dele T oSy, 207 |
J+t Aol 7k AA g 1% dlole e} pATIA R & Folt ¢l e s
Ath e 7 oiFE 25652 FAFAAL, S 253~254 0300 1100 2200 08:00 2000 0700 1800 0500 16:00
= 2R oOf %g +EAN AR B (rme)
ZEske] Ao RGBS & AAS & AL on s} Fig. 21. Underwater Temperature
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