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A Study on the Development of a Floating Buoy

for Monitoring Ocean Environment

Yong—-Soo, Gang

Department of Electric-Electronic-Control FEngineering
Graduate School of Maritime Industrial Studies

Korea Maritime University

Abstract

The ocean which is covered 70% of earth surface i1s the greatest
factor of weather. Recently weather extraordinary event 1is
followed by steep increase of sea temperature and scientists in
various fields are studying and warning the weather change. A
lots of errors about Korean weather estimate report are caused by
the lack of ocean environmental data among various reasons. In
this thesis, a method which can increase reliability of water
temperature and salinity measured data for a floating buoy of

ocean environment monitoring is proposed. Hardware and software



of the measurement system are developed and experiment device
as well. Experimental results are presented to illustrate the
usability and effectiveness of the developed system.

And also display system for the tracking of floating buoys and
their measurement information on electronic chart is developed and

can be used by internet.
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Figure 1.1 Current ocean environment monitoring system in South Korea
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Figure 1.4 Lagrangian method example
Drift buoy



Figure 1.5 Lagrangian method

example Argo float
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Fugure 2.1 Hull of pole type drifting buoy
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Figure 2.2 Hull of sphere type drifting buoy
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a9 2.3 FEF-ole A

Figure 2.3 Hull system of drifting buoy
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Figure 2.4 Assembly drawing of drifting buoy



Widls A2 % FAd WEd AXY HIE {8 dERe
DCP(Data Collection Platform) Canister”} &2t5 o] A3 E 2%
o], &jFol= HAE 2 et AAdAlE 9% Outlets ’%
ol wrgstdtt. e F9le 2go] JhedteEE 2ESF UE
&3t aL, WrE fste] A48 9= O-ringy &
A5t A2 & ujde HAEXRJE HIT St AA 9 3]’
= wo] glo] where] Xa=o] M| E 43t sk dlar, 7t
Ade = folE WadH APy THs A FHAAE A
t}. DCP Canister ¥ 4% Antenna Plate®] A& STS-316< ©]-&
Ve HA3} o, 7|g BE 9 FAA E3

2 ol de HA&sE v 19l 2.32 3D
ToolZ AAE AAlelx a7 24% Hal-FHToln, 17 25 ~2.8
A

idHIP
M my = for 1o

é*;L

-

_16_



PROJECT SUSUECT |

e [ ™

—_— =]

o5

warn

[ezer

;iim.wo TESH GO LD r"‘"‘-q.n.. I..',-'I ra

a9 2.5 ERFO

| 29 Ay AL

Figure 2.5 Upper part of sphere drawing



7

N5
8

B
AN YA\

P

i
%

:
=

.

|-

< i

28 2.6 RS A9 a4 A%E

Figure 2.6 Bottom part of sphere drawing



gf—iuef;}é}@@ ﬂf"ﬂl:‘—,ﬁ
' e T p—
N g - .
.r. —_— ‘T p - _]_+ T
l’ I 5[ Jﬂhs[ m)}_ﬁ
i o i| o ! I
| :
[ ] = =)
e b \e o) um
] 3y = W
PP P & - — (
[ SHO0E OETEH E: .
R e e e
L " F T ] T 1 - e m -

19 2.7 DCP canister AZH%=

Figure 2.7 Drawing for DCP canister
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1% 2.10 Orbcomm YA == (ST2500 Stellarjil, Israel)
Figure 2.10 Orbcomm satellite modem(Model. ST2500)
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Figure 2.11 Orbcomm satellite data communication
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Connection Diagram

Auxiliary Connector
App Serial Port:
RS232/RS485/TTL
Power Switch:
Output 1A Max

\ i— VHF Antenna Connector
| |

GPSIGSM Serial Port: } q [} | PWRIBAT Connector
| |

BNC
RS232/TTL | DB15 _{ jj_(_:c;n;(gl Charging / Power Input::
SMB [ -Sonxal_ 9-36 VDC
GPS Antenna Connector T Optional Battery Input:
Status LEDs: } K. el % | —— | Bortavbe
Satellite Locked | T2 _ { DB26 | 1/0 Connector
Transmit I Opto-Isolated Inputs:
Message Queued Ql [®} L b g

6 Digital, 5 Analog
Opto-Isolated Outputs:
6 Digital

Main Serial Connector:
StelCommon PC,or; ___.
Application Controller

a3 2.12 Orbcomm AR (ST2500) AZFAHE
Figure 2.12 ST2500 connection diagram
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‘VHF ANTENNA

ANALOG & DIGITAL
/0 ¢ INPUTS
RECE Ex AND a DIGITAL OUTPUTS
TRANSMITTER ST2500 INTERFACE |«—» SERIAL INTERFACES
GPS ANTENNA PROCESSOR | APPLICATION
AND PROCESSOR ’0
SIGNAL WER
| «—— DC EXTERNAL POWER
PROCESSING SUPPLY
GPS
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(BOARD) CHARGER |€— BATTERY INPUT

TPDOD30471/1199

13 2.13 ST25002] £= tjolojr=y
Figure 2.13 Block diagram of ST2500
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3 2.1 ST2500 ¢ #7143 5S4
Table 2.1 Electric specification of ST2500

Transmit frequency 148 to 150.05 MHz

Transmit power 5 Watts

Receive frequency 137 to 138 MHz

Dynamic range 40 dB minimum
Sensitivity(minimum) Minimum BER : E-5@ -118 dbm

Typical BER :E-5@ -120 dBm

Power Requirements External : 9 to 36 VDC
Battery : 8 to 12 VDC
Power use transmit 25 A max. @ 12v ,

(measured at the battery  points) 2.0 A max. @15v

Receive: 90mA
Power Save Receive: 60 mA
Sleep: 50 pA typical 100 uA max

Position Accuracy GPS - 50 m (nominal)
Doppler-1000m(nominal)

ST2500 ©&7]o] AYL % 2.1 Yelhy o ALgEFuFE &
A8 0 7 148~150.05MHz rﬂ@% F22lol] 137~138MHz S ALg3)ar
At} 9~36Ve DC £J5F-H93} 8~12 VDC HiE g E 25t 1
A Aol Fbedtal HuAE ARFS 90mAR FAIA FHT) 2.5A,
AAE &9 ZEAE 50~100uAe] AES AR 222 ANS
gl 7150l Ao GPS7F AAHA olE 1km <9
] 7Vs8kar GPS <HeU7b OﬂﬁﬂMe <l 50m el A
A glo] shssith AEH H ¢tHYel 54 QA
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¥ 2.2 ST2500¢] AEH 54
Table 2.2 Antenna specification of ST2500

Antenna frequency (single band) 137 to 150 MHz

Antenna frequency (dual band) 137 to 138 MHz
148 to 150 MHz

Antenna gain OdBi typical

(+5 to +30 degrees elevation)

Antenna gain -3dBi typical

(+30 to +50 degrees elevation)

Coverage (azimuth) Omni directional

Coverage (elevation) +5° to +50°

Polarization Linear

Impedance 50

VSWR 2:1 maximum

Power CW 10 W minimum

Antenna cable VSWR 1.5:1 maximum

Antenna cable attenuation 1.5 dB @ 150 MHz typical

(regardless of length)
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Figure 2.14 CT Sensor
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a9 2,15 =54 % Holy A AH

Figure 2.15 Water temperature sensor and data acquisition system
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T 24 AN 2vAES

Table 2.4 Amount of power use

Casel[W] Case2[W] Case3[W] Case4[W]
1A ZE 0.004595 0.001598 0.000849 0.00035
14 0.11028 0.03836 0.02038 0.008393
1784 3.3084 1.1508 0.6114 0.2518
6714 19.8504 6.9048 3.6684 1.5108
1 39.7008 13.8096 7.3368 3.0216

%240 YERY ARHEE SR A 2HdEs a1y
H

A Al 2~Ee] Weight Balance Material® & &8 <=3 str},
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-/ MATLAB 7.4.0 (R2007a) g

| Flle Edit Debug Deskop Window Help

D@4 mEo o | %ef B % | CurentDirectory: | Ciwmatlab_data v
Shortouts [#) How to Add 7] What's New
I Guirent Directory TR=FE x.mn_.l
bt B - @ To get started. sslect MATLAE Help 0f Demos from the Help manu,
All Files « Type Size | Date Modified Def | 5> sensor_cal ([12 34 561, (100 101 102])
[E] How to using senso... TXT File 1KB O7.12. 20 2= 6:21 777 Undefined function ar method ‘sensor_cal® for input arguments of type "double’
sensor_cal.m Whfile 1KB 07,1215 28 11118
>> sensor_cal ([12 34 861, 1100 101 1021}
ans =
0.0000
0.0455
99.4545
>> sensor_cal ([0 0.4205 0,9895], [-40 O G0])
< >
Command History o | R
Z-%— 07, 12, 20 2% B:02 %
sensor_cal (13 4 51, [45 50 601) ha
G- 07,12, 20 2% 614 % 80.7378
+-sensor_cal ([12 34 56], (100 101 102]) -40.0000
“--gensor_cal ([0 0,4205 0,9895], [-40 0 601}
pord
4 Start

13 3.1 Matlab coefficient A} ¢AF & 7120

Figure 3.1 Automatic coefficient calculation program for Matlab
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% 31 As A4 229 3=
Table 3.1 Automatic coefficient calculation program

Source Code

//Sensor_cal.m Source Code by Yong Soo Gang
//Written for Matlab Release 2007a

//This program Calculate for Coefficient A,B,C
//Usage : sensor_cal ([x1 x2 x31,[Y1 Y2 Y3])

function output = sensor_cal(sensor_arr, cal_data_T)
= zeros(3,3);

a(l,:) = [sensor_arr(1,1)"2 sensor_arr(1,1) 11;

a(2,:) = [sensor_arr(1,2)"2 sensor_arr(1,2) 1];

a(3,:) = [sensor_arr(1,3)"2 sensor_arr(1,3) 1];

cal_data = cal_data_T"

output = aWcal_data;

plot(sensor_arr,cal_data,'--rs")

axis([0 max(sensor_arr) 0 max(cal_data)]);

xlabel('Sensor Value')

ylabel('Calibrated Data")

title('Sensor Calibration Graph')

//The end of Program




3.2 HolgH o] A7

2 A A ALEH Orbcomm Satellite Modem2 A4t AR E
A8 e Fote] HEA TR HEstH, o] A5+ AHYE &5t
E-mail Fej=2 W3ty A1 AlA- o E-mail FElZ 8% A5+
Data Base°ll A|AFE-©] 7Fs3t JE|E Records} HojoF s}7] il
AAAEE Parceling & = = G4 Al&Hlo] G5 ojof 289

"ol wobd & vk

FRFO|2RE AFE volHE eni A4S Satol Fxd 7
A=wom AsH Fodd 7]A=elA TCP/IP E= UDPE &3k
AA i Ee A dolE JEE AEHT BiolZ5H volH
o] 2ze] AgdEa] w3 55 29 3.33 o] yEhd & 9l

EAHOl ALEE T SRl whE gt AME =2 Ak
w8E  flen, sdew Hul= Ane Ari= avbe] 914EAl
HS&3 AAHER od FA7E At HolEE 8es] skl A
HE& R Hget dolgE skl st A = gl= 54
AHIERA Zb P wleleE 2538 sto, i Fvl dF dHolH
o #5205 AFS] F=2T g dofoF @

ol& flste] & 320149k o] 54 wE Holes MER il
7b Hol&e] ZefolHe] BES At 7 Heles FEeES
HAG dolHule] =g A AT,

_42_



-

I’

= 21XI=

201 #17
NHBE

=3 21X

I 3.3 ®FFol AR EEE
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Table 3.2 Buoy Data Base Table

Ho| & W &
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USER_BUOY_TBL | USER ¥ Fo| 18% A%
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RER=
OBSERV_DATA 1w 7} Jojd= HUEHES AlA9 dHolEE
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Y= dwoln AlMe FF o dolE Wl v s §A H
o|F Afo]=7} A ojE o] gt}
USER_TBL& 7} Holo] th3t =g Hto] 7}
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N MSG_TYPE WARCHARZ (11 & DX _1
B MseD VARCHARZ (1) © 1D 1 M,  MseD ¥ARCHARZ (10) € DX _1
D_TvPE YARCHARZ (1) M, Rov_TME YARCHARZ (14) © IDX_1)0¥_2
I _MAME WARCHARZ (30) SAMPINT WARCHARZ (4
LONGI WARCHARZ (15) SAMPDUR WARCHARZ (4
LATI WARCHARZ (15) WIND_DIR1 WARCHARZ (3)
EST_DATE  WARCHARZ2(14) YWIND_SPEEDA NUMEER: (5 3)
REMARK YARCHARZ (1001 GUST NUMBER (5,31
GROUP_CODE YARCHARZ (5) WIND_DIR2 WARCHARZ (31
ORBCOM_D  WARCHAR2 (10) WIND_SPEED MUMEER: (6 5
BUOY 1D WERCHARZ (101 GUST2 NUMEER (6,3
USE_¥N WERCHARZ (1) AR _TEMP NUMEER (6,3
ITEM_CNT  MUMBER (3) HUMICHTY MUMEER: (6,3
Ma%_RANGE MUMEER (8) WATER_TEMP1 MUMEER: (6,3
I5_RPT WARCHARZ (1) WATER_TEMPZ MUMBER: (& ,3)
BUOY_TYFPE WARCHARZ (2) BAROMETRIC MUMBER (8,1)
ViAYE_DIR NUMEER (6,3
STDUWAYE MUMEER: (6,3
WA _WAYVE MUMEER: (6,3
WAVE_CYCLE MUMEER: (6 5
LOMGI WARCHARZ (151
USER_D WARCHARZ(30) & ID_1 ;ﬁgv bR ::gg:igs E:;i
PASSD  WARCHARD (30) BUOY _TEMP MUMEER: (6,3
MAME  YARCHARZ(30) BAT_VOLT NUMBER (5,3)
USER Y CHAR (1) GPS_TIME WARCHARZ (61
USER_EDIT CHAR (1) GPS_MODE Y ARCHARZ (1]
MERC WARCHARD (200) GPS_STAT WARCHARZ (1)
ADMIN - CHAR (1) LIGHT_STAT WARCHARZ (101
HATCH_STAT WARCHARZ (11
FLOGDED WARCHARZ (11
SEPARATION NUMBER: (3]
COLLISION_STAT  WARCHARZ (13
COLLISION_ACCE  MIUMBER (4)
RCY_YEAR WARCHARZ (201
USER_ID WARCHARZ (3070 L& 101 SEA_POINT YARCHAR? (20)
MSG_D WVARCHARZ (30 & D _1 UTC_DATE WARCHARZ (20)
UTC_TIME WARCHARZ (20
LOMNGI_LATI WARCHARZ (207
PARAT WARCHARZ (201
YN WARCHARZ (201
TEMP WARCHARZ (201
USERD  WARCHAR2(30) & ID¥_1 HUMID VARCHARS (20)
PASSIND  VARCHARZ (30) BAROM WARCHARZ (20
NAME VARCHAR? (30 e vacrare
LISER VYN CHAR (1) WATER_TEMP WARCHARZ (201
LISER_EDIT CHAR (1) WAYVE WARCHARZ (201
MEMO YARCHARZ (200) ETCH VARCHARZ (207
ADMIN - CHAR(1) ETC2 WARCHARZ (20)
ETC3 WARCHARZ (201
ETC4 WARCHARZ (201
ETCS WARCHARZ (201
ETCR WARCHARZ (20
ETCT WARCHARZ (207
ETCE WARCHARZ (201
ETCO WARCHARZ (201
ETCI0 WARCHARZ (201
ETC11 WARCHARZ (20
ETC12 WARCHARZ (20
ETC13 WARCHARZ (201
ETC14 WARCHARZ (201
ETC1S WARCHARZ (201

1% 3.4 HolBE DB Tx
Figure 3.4 Buoy Data Base Schema
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Y 4.1 HAES &455 Y

Figure 4.1 Temp/Humidity Chamber
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Figure 4.2 Chamber Controller
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% 4.1 255 AH H2E A3

Table 4.1 Result of Chamber Test

SAAC) | 7|27 BASgH0| xr AMEASZHC) QAHETC)
-40 -40.08 -39.95 -0.13
-35 -35.01 -34.99 -0.02
-30 -29.96 -30.01 0.05
-2k -24.97 -25.04 0.07
-20 -20.08 -20.00 -0.08
-15 -15.00 -15.03 0.03
-10 -10.03 -9.98 -0.05
-5 -5.03 -5.06 0.03
0 0.01 0.00 0.01
5 5.01 5.03 -0.02
10 10.03 9.99 0.04
15 15.01 15.04 -0.03
20 19.99 20.08 -0.09
25 05.00 25.01 0.07
30 30.02 29.97 0.05
35 3497 35.11 -0.14
40 40.03 40.11 -0.08
45 45 01 44 99 0.02
50 50.00 50.09 -0.09
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Figure 4.3 CTD Sensor Function Diagram
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Figure 4.5 ST2500 Auxiliary Port Connection Diagram
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% 4.6 AR EF] Azwe 34

Figure 4.6 Drifting Buoy System
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Figure 4.7 Deployment on the East China Sea
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E 4.2 DBFAl HolH(FsHAIFH 14/217970 dHolH® £7])

Table 4.2 DB Data Examples (14 of 2179)

MSG_TYP MSG_ID RCV_TIME LONGI LATI BAT_VOLT WATER_T COND1 CTD_WAT

E EMP ER_TEMP

1

1 49349 200705251 125.53.048 032.30.039 12.66 17.97 32.29 17.97
80332

1 49349 200705251 125.53.043 032.30.528 12.73 17.09 33.01 17.09
90142

1 49349 200705252 125.53.381 032.31.014 12.66 17.07 33.04 17.07
00244

1 49349 200705252 125.53.988 032.31.352 12.66 17.09 33.07 17.09
10224

1 49349 200705252 125.54.819 032.31.467 12.71 17.08 33.10 17.08
20150

1 49349 200705252 125.55.859 032.31.399 12.66 17.13 33.13 17.13
30239

1 49349 200705260 125.56.933 032.31.147 12.66 17.19 33.18 17.19
00152

1 49349 200705260 125.58.035 032.30.735 12.66 17.25 33.21 17.25
10256

1 49349 200705260 125.58.908 032.30.288 12.68 17.30 33.24 17.30
20246

1 49349 200705260 125.59.421 032.29.870 12.68 17.33 33.25 17.33
30224

1 49349 200705260 125.59.721 032.29.522 12.66 17.37 33.27 17.37
40214

1 49349 200705260 125.59.819 032.29.278 12.63 17.43 33.31 17.43
50152

1 49349 200705260 125.59.714 032.29.058 12.68 17.45 33.32 17.45
60151

1 49349 200705260 125.59.507 032.28.971 12.68 17.43 33.31 17.43
70248
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Figure 4.9 Time Series Data(Blue : Conductivity, Purple : Water Temp.)
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