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A Study on Development of Accuracy Verification System of
Marine Physical Sensors on CID using LabVIEW

Jeong, Chang Heon

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime and Ocean University

Busan, Republic of Korea

Supervised by Professor Yoon-Sik, Kim

Abstract

In this paper, “Sensor Verification System(SVS)” which is used to
check the status of Temperature, Conductivity, Oxygen sensors
using with CTD(Conductivity Temperature Depth) system has
been designed and performance test was done, CID is the most
famous equipment in the world using universally in ocean
exploration. SVS has been designed with CTD sensors and
"LabVIEW" software, NI PXI system, DAQ board, and more. To
share the measured data of CTD system, local network system
has been installed with CTD and SVS. Also, Optical oxygen
sensor has been installed to compare with original electrochemical
oxygen sensor using in the CTD. The Software of the SVS was
designed three types programs for test each sensors of CID

system. The result of test for each sensors using SVS is as follows.
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Temperature sensor and Conductivity sensor use magnitude of
analog output frequency as the source of sensors data. The
performance test of SVS is implemented using 500kHz frequency
which is maximum sampling frequency of NI DAQ board. The
standard deviation of temperature sensor was 0.1~0.2°C, this is 10
times greater than CTD system. In the case of Conductivity
sensor, standard deviation was 0.01~0.02 S/m, this is 50 times
greater than CTD system.

Assuming that the CTD data is standard data of this test, the
average data error of temperature sensor from SVS was -0.0176C
and average of the absolute error value was 0.1473. The average
data error of conductivity sensor from SVS was -0.0011 S/m and
average of the absolute. error value was 0.0133 S/m.

Temperature sensor and Conductivity sensor have high
accuracy in the test of average ‘data error, but, when we check
the average of the absolute error value, this value is similar with
standard deviation and it appears that, the precision is slightly
lowered. this means, SVS has a lower stability compared to the
CTD system. To solve this problem, we can make the system to
produce a output data by averaging acquired data for 1~10
minutes, then we can have
high accuracy and reduce the data errors. But, radical method
to improve the accuracy of data is that, upgrade NI DAQ board
to the better one which has more high quality of sampling
frequency than we can reduce standard deviation of the data.

In the case of test SVS with oxygen sensor, we have to make
test environment because, electrochemical oxygen sensor measure

the data with consuming real oxygen so, we have to supply

vii
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oxygen at the hall where the membrane is located continuously
on the speed higher than certain level. So that, performance test
of SVS was implemented in the air first, and second test was
implemented in the seawater located in the plastic water tank.
The two electrochemical oxygen sensor was installed on the
SVS system. In the first test, electrochemical oxygen sensor
doesn’t use frequency as a resource of oxygen data but, DC
output voltage so, we can measure the high accuracy data even
though SVS doesn’t have high frequency of sampling data.
The standard deviation of each sensor data of the CTD was
0.0013 ml4, and in the case of SVS, first oxygen sensor was
0.0018 ml4, second was 0.0017 mld this looks, Difference of
Standard deviation between CTD and SVS is very small. And the
standard deviation of data acquired from optical oxygen sensor
was 0.0043 ml/, this was 3 times: greater than CTD system.
Assuming that the CTD data was standard data of this test,
average of data error was 0.0581 ml4, 0.016 mi/d optical oxygen
sensor was 0.2834 mld Average of the absolute error value was
same with average of data error. The tendency of this test was
that, the stability of the SVS system was similar with CTD
system but, there are some data errors which is not small. The
main cause of this errors are follows, first is measuring
environment of oxygen sensor is not flat. and the oxygen of the
air consist not equally. second is correction error of own sensor.
Second test is implemented in the seawater. Average of error
data from SVS was 0.0909 mil4, -0.0223 ml4, Optical oxygen sensor
was 2.9503 mld. Average of the absolute error value from SVS was
0.0912 mi4, 0.0444 mid Optical oxygen sensor was 2.9503 ml4 The

viii
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data of optical oxygen sensor was 2 times greater than data of
CTD, SVS. So, If we acquire the oxygen sensor data in the
seawater, it is impossible to compare oxygen data with optical
oxygen sensor, in this case we have to prepare the special
equipment which supply equal oxygen to compare the data of

oxygen sensor more precisely.

ix

Collection @ kmou



A 173 A&

A=A 7 7182 AR]D A ARlgt & ¢ Qe e e
& =47](CTD, Conductivity Temperature Depth)= 3l 37 ¥ 3}
2o Ao e i ol tiE A&ZQ 2o FHE, HA

ANAFE AA7A FEs] SE-Holsit

Tl F2dE 471 A8 HA e ddEgAdAEol s
AR AgH Au 2, sk GAF £33 A ARS F£Fd T3}ty
GA Ao 5l a5 40 g A A2rH RS A

ZaE, dg HlolEHEe BAA AEHE GREe] d Ao

_1
¢

>
)
o
)
b
|
do
%
et
ofo
iv)

oX,
ftlo
r o
N
ol
=
30
o
=2
ki
M
-
ol
ok
k1
£
>
fr
e
o
ne
2
™
0
oY
ok
(i,
i)

Collection @ kmou



—_

ole} 22 EAlES MAstz| fleliMs BARRA A A AR 4l 3
A G828 F Ae SR AlA HAAZE| o] I Qs

B =FoMEe CID AlA AAAI 2o 7ol g dA 2 )2
of #ate] et o, Alzg s HE S ellA 4 d
Z, A7NE BoF 5 FEES EokllA ARS Ha e g Ao
7k =2 AxEQO)Q] LabVIEWS ©]-&33H.

B =R THL F ogow FAHUG. A 14 A7 b
Ao 2 | FFA A CTD nle] A ALg A HA=HE EAZ
= 9% AA HAA "] Aol e wiA T Az e ol dist
of A&tk Al 27 AlzEl dAlo] o]&HE AXE0Q

LabVIEWS} CTD AHlo| tigt EA3 F4 ol st stdt. A

Collection @ kmou



Atk A 5N TA S5H A HAAANZEES B =AHI 2
HE 7]E9 CID A" E 33 AAAlA
wate] MM HAAAN2E Hes FAsI Aol tiste] w23}
Atk Al 6FoAE AAE HIEoRE AEF doZ o ATk
il 7] =3t

Collection @ kmou



A 2% A7 Wi

2.1 CTD #H]

IS A= FASATE Tl Y S &3] o]
st AsFS vetstr] s ErFow FHtEE PARA, F
< 4o gt =92 A4 st dS5sr] A sl
o =914 detuEo] dizh 35 == AAHZA] AH & A4S
el CTD AHlel &8 HANAFEH AA7MA FE3] oo A
23 low CTDEHH Aidd Az #4 =3 wf Fa3 &
HFo® thFEI A

CTD% Conduct1v1ty Temperature Depthi}“ o] F9 <zt =, 3

Rol FEAQl gulolth, Fups] thE ol o FATEAA

o AT e AuFE IR AANCE B

== =
ST

CTD ®dlo] Al4tElo] ZFE T Uk B =EolAE ATEAA
=

AHE-E T Q)& WA SeabirdAHS] SBE 911plus

mde AR Gsto] Aue] o4 wde A A I

CID+ Figure 19149} o] 202 EdlE= £5¢9 AH](Underwater

unit), 5 HAE 59 Anld i3 A7)14 A5 D dHolE e $F

21, Hlolg A/D AWE S F9ste tla Y (Deck Unit), 1] 7

EEZ, dolg &9 9 A%, BHE £ZESo &9 # HolE FAg

Collection @ kmou



il

CID Winch® 3FA & 471A] FEo 2 FAFH o ok

AAE AT A
o &5

PN
T

Bl

]

39 s

2~ sy
T A=l

E
A =8-71

Figure 1| A]

871

+

A XA =

SEXY

—

]

&

A3

K

2 Table 17 2t}

-
o

A2 FAES CID &Hl 9

CID Underwater Unit Frame

with Sampling bottle

CTID Underwater Unit

Figure 1. Construction of CTD system

Collection @ kmou



Table 1. Specification of CTD system

T 25(C) | ¥=%(S/m) 4= A/D 4™
. 0 ~ FS. : 1400/
ZAHQ 5~ ~ ~ +
=8 >~ 35 0~7 2000/4200/6800/10500m 0~+V
A= 0.001 0.003 0.015% F.S. 0.005 V
8 AS | 0.0002/E | 0.0003/ < 0.018% FS. / @ 0.001V/ <
3lls 0.0002 0.00004 0.001% E.S. 0.0012V
2.6~ 6 S/m | ParoscientificAl 117 +
AlA WA |14~ 32 -
138 | 14~325 57| % 0%k | Sea-birdAf 2% HA
SHEHAZE | 0.065% 0.065% 0.015 %= 5.5Hz
| QIAI ZE . 0.03 dbar (68000m
o] 7] 0.00016 C | 0.00005 S/m qhel 4 A)) -
All A Voltage sensor channel 87
=g Frequency sensor channel 57}
394 0 ~ 6800m - &FulF
A4 0~10500m - E]EHg
.4 & FH|F - 25kg(air) / 16 kg(water)

BB} - 29kg(air) / 20 kg(water)
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Figure 5. Diagram of SVS system
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Figure 6. Construction of SVS system
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Table 2. Specification of CTD sensors

AAED) FeAA AEZAA RER

TE (SBE 3) (SBE 4) (SBE 43)
¥d= et |11 ~ 16 Vol(DC) | 6 ~ 24 Volt(DC) | 6 ~ 24 Volt(DC)
120% of Surface
tloly He -5.0 ~ 35 °C 0 ~ 7.0 Siemens/ | saturation in all

natural waters

F3t5 7HeH

F3t 7heH

DC AY=4

Aeze e 2.5~6 kHz 25~75 kHz | 0 ~ 5 Volt(DC)
AL +0.001 °C 0.0003 S/m 2% of saturation
A& ABZT
sz’ o ° 6,912 MHz 6,912 MHz -
T T

10.5V square
wave

1V square wave

0~5V square
wave

0.065" £0.010

0.060

A E Aol Z=71E BEha

988 493

@)
)
=
7
=]
(@)
2
>,

Slo] vlol QAR FABAE, U4
24 2 ¥89T

242 9 Qs AFo] EAshe
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Figure 7. Principle diagram of Clark-type sensor
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33 NI PXI =&

PXI(PCI eXtensions for Instrumentation) PCIE %3 Zo=
Al Figure 8% Zo] PCY &S sl HEEDHE ¥
< Ad 72t DAQ RE=%E°| PXI Chassis® %3}

A BAHol, NEHoR F87t =% UAY FHolth A

3

FRlol AT Ve HoEE dutH o g ARE = PCoeE 2
I Aol T FA7] wWiol, A" AEZHIE & o F
d= ot AdoHE B3 ARTCRE HolHE HET F U=
A=) gtk PXI ChassisZ& 2@ NI PXle-1071& AH83t9om,
NI PXle-8135 Controller, NI @ PXle-6341 DAQ board, SCB-68A,
Connector blocko.2 FAHT PXI moduled] #i3E s34 E5F

5 AMFA¥S Table 39 A2k oh

Controller
Figure 8. PXI module
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Table 3. Specification of NI PXI module

e FE A AR
AC input 100 to 240 VAC
Operating Voltage range 90 to 264 VAC
Input current rating 4-2 A
NI Ling regulation o o o
PXle-1071 (3V, 5V, 12V) <£0.2%, <x0.1%, <+0.1%
chassis DC current capacity(Iup)
(BUS) (33V, 5V, 12V, -12V, 5V AUX) 18A, 17A, 17A, 1A, 0.75A
Dimension
(Height, Width, Depth) | 177mm=a7mm <214 2mm
(Weight) IS
CPU Intel Core i7 3610 QE
Ethernet 10/100/1000 Base TX 2 port
GPIB(IEEE 488 Controller) Yes
Serial port Yes
Parallel port Yes
NI Hi-speed USB 2.0 port Yes
PXlIe-8135 Hi-speed USB 3.0 port Yes
C%ntroller Operating system Windows 7 Professional
(Z9FPC) :
PXI Express Trigger Bus Yes
input/output
PXI Express 4 Link 4 xh xd x4
Configuration ro o
PXI Express 2 Link
Configuration X8, X8,
Number of channels 8 dlfferentel?iié)é 16 single
NI ADC resolution 16 bits
PXIe6341 ‘ S?mple rate. 500 kS/s
DA Timing resolution 10 ns
boar Input range 02V, 1V, +5V, +10 V
Maximum working voltage
for analog inputs 11V of Al GND
SCB-68A Operating
(Connector voltage(Maximum) 30 Vrms/42 Vpk/60 VDC
block)

Power consumption

(at +5 VDC, +5%)
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Oxygen Optode 4531°]™ Al e of& 51 42 Figure 9914 &
AT g Axo] 7 AFTERAFY @Y AlAjoln Ho] FFAS Fdst

+ AlAZY(Sensing foil), TAlA](Temperature sensor), #°]E #

GE], AA st¢H oz A Y 7HA FEo= 7450 Ao

Cable connector

Sensor housing

Temperature sensor Sensing foil

Figure 9. Oxygen Optode 4531 sensor
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[e)

Oxygen Optode 45312 LDO(Luminescent Dissolved Oxygen) ¥
go 7HhE & AAE, EFo =830 A (Physical appearance
of luminescence)oll 7]Z&hl o] & wjEo] opd Oﬂﬂ(ﬁﬁ@,
Excitation, 7F& w2 F92] oA Aejol e &, da, =2
BEApol| 2R E o A=S Tl AUAE 7istH £ ouA A
B E WH3lste 7] AE, S S5 ZH7F E0he & JEHE Yo
Tet= 54 =< (Luminophore) ] S4 o= AFojdty. LDOH oA,

5 Ueous d9eo 3A AZbol e Wy WA E
o Aile =4 FHeo ttawEd oEsH It
Optode Al A+ Figure 9°iA] T Axol, AA ZY(sensing foil)

o] AlAejFol AzkHol FFd mEHo| AT A Edold LDO
defollA Hoj¥d Luminophores &H|THt}. 4llA o] U F-o| = Figure
11014 e} o] stz F2AQl F Jje] Tgto] L =(LED)$} 7
7Ne] 337 tho] & & (Photodiode)”

].
Ex RUAE AU WBsE FAA & FFRS T 5
=

Atk oA Ht=AlS] PN Aol FHE 7lse F7HE AL
=75+ a9 Figure 108+ Zth. Blo] tole o dom Ha

o} kol Hst AFol AAA AF7E 221, Hqte] Arje W) 7
ol A m#ET olHY FH &I A A HIFF

Agrol Yente d4e #7149 ageln @,
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Ly

Anode Cathode

Figure 10. Symbol of Photodiode
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Figure 11. Optical design of Optode sensor
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7l YA S F& YA AH

Figure 12. Intensity Curve Radiation of Quenching phenomenon
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35 AlEd - olHl A% HIAFA

A HAZA =" FAE 3144 A8 Hkek Zo] DAQ
board % LabVIEW software?] Z=Z 13 MAE F3tod dH=
CTD AlA dlolEl A e Fol7] el AA| A olA AHEH+=
CTDZHI 9] HlolE &t FeitaaA e wlolEE AlA HAAI2H
A2 F J=F FASAT. CTD AHlel, FshitaAlA e H o] H
=3 (Output data) ZEZEF(Protocol)> RO 2 AFZAN =

AFAe #AE tFE9 7FAHeA AEEH= "HEEA
(Serial)"3} "HE Alo] @ AHY EZZEZF(TCP-IP ,Transfer Control

rr

Protocol - Internet Protocol)'S-2 FA= o] +=tl, TCP-IPS] 7%
CTDOlA AAl =85+ HolE e S50 Hld|l HESAZS HolH
ASE£E7F A8 "olx= £A14 0] &l o] HEA &7
|2 A= ARESAT. iy A=A ER
o] AFdHolEE U ES A A

o %
E AT} AREA FOIHE ALY 5 AEE TEHHE Zlo] I

o
o
s
T
A
o
o
rlr
_|>4

ARl e 2, AH HolHE AFFAS AHEst 5477
AHEEHE Aol =eelA] gkal “Alg]d tulo]lx A H(Serial Device
Server)’& AM-&3le] U ES I EAlste B S2E A HolH

& A3 TSI AHgE AWAAE EZL200F RdE,

l%E

dEA TZEFNA FE AREE = RS-232, RS-422, RS-485 EAlo]
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%, 5% A9)2 % U /K RE F A9age] st 5ug

i

2 glo] Aty Holg TAEd H&ESH AFoR HoHE

=% UDP REE AHEsilth. 232 S % Figure 133%
o], CTD ZAule} FtaiAoA EHE= 2gFal HolEs
Agd Hutel~ AW E Bl 2 E B4 ool o]HUl(Ethernet)
el dolEHE 3=y, M3 dHolHe FAH Agd dnt
ol AWt H&EH UERAdA BEE ZT2Eo|A < (Broadcast)
R
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Figure 13. Data Broadcasting by serial Device server

Figure 139] T4 AlA HAAA2=HE H&E3A0H, LabVIEW =
28] 3 YE UDP HE 7o+ &8st CTDSF Fshit
aAlA e dlolEE AAAHAA ALT F JEF AASA
AlEld dutel~E B3 AuldolE oA tlolE HAEA Aoy 2

e A3 TASHA skt
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& Stk AN HAANZE S £2ZES
A, STOP HES 29 & w7t A&
¥ &aglFE Figure 14014 APt or o] daugFs EUE,
Agstaasts Ao TR wEl AZEOE AYste] A
T AES AASIAH. 59 42% A F2AA HAY 2O,

AZFANAE AETAA AR T2l 44804 ALAA AR

N
z0
i
o
QL
58
o

2RO T FA A VAR BEFSI A&E
71802 45% = LabVIEWE 53 AS dolge &8 2 A
gl thste] 7lEsk Atk

l

24 A% doly A
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2 ol %E—%‘(fx}, L)

| =4 dole Agnd o8, AX 44 |
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Figure 14. Algorithm for control of SVS system
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Figure 15. Implementation of algorithm for Temperature data using LabVIEW
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Figure 16. Sensor verification system for two Temperature sensors
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Figure 16914 &4=0] 2l “DAQ mx"7} E&H 52, DAQ board
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Figure 19. Sensor verification system for two Conductivity sensors
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Figure 20. Conductivity sensor verification system comparing with CTD
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At R, AZAA AlEsts A wAg oA AlEEE gholH

Ve AlA =9 Y (Volts), T Temperature(T, AALE), St

Salinity(PSU, €+#%), K& Temperature(°’K, AH2%), P Pressure

(dbar, }=)E r|dth o714 Oxsol(T,S)& AFAXE3HE = (Oxygen

saturation concentrations in fresh and ocean water, miAE T3]
=] 9]

=9M Z2d o= of 4 (8), A9 &l Tl Aot

Orsol(T,8) = exp{ A0+ A1(Ts)+ A2(Ts)?+ A3( Ts)* + A4(Ts)*
8)
+A5(7Ts)° +S[B0+ BL(Ts)+B(Ts)*+ B3(Ts)3] + 0 (S)* }
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Ts = In[(298.15— 7)/(273.15+ T)] 9)
2] (8)ollA A0~A5, BO~B3, CO& 1A 4T=E A0=2.00907. Al=
322014, A2=4.0501, A3=4.94457, A4=-0.256847, A5 =3.88767, B0
=-0.00624523, B1 =-0.00737614, B2 =-0.010341, B3 =-0.00817083, CO
=-0.000000488682 &= A3zl ke AT GEEQ S[S/m]e of
#e] 2 102 e

S=ag+a R+ ayRt Y as R a, R AS (10)

A (1014 ASE ofglel 4 (11)o2 Y,

t—15

1/2 3/2
[T 0.0163(c= 15) (bg+ by R, “+ bR, + b R+

AS =

(11)
by R+ by R)

2 (10), (11) ol A ap=0.0080, a; =-0.1692, a,=25.3851, a;=14.0941,

ay =-7.0261, as=2.7081, by=0.0005, b;=-0.0056, b,=-0.0066, bz=

-0.00375, by =0.0636, bs=-0.0144%2 1A ZtS AFE3TH Ri= AEA

MR, olgel 2] (12)02 vehd % gl

R = C(sample at T)
C(KCI solution at T)

(12)

21 (12)14 C= Conductivity(F =%, puS/cm), T+ Temperature(+<, T)
ojm, X 2] C(KCI solution at T)= otzfje] 2 (13)2 vepd & Tt
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C(KCIsolutionat T) = — 0.0267243t> + 4.6636947+> +
(13)

861.3027640t + 29035.1640851

2 13)elA KCIe f93ZES dnat, hgdo] Hojd Ed=
AT ZAH717] aA4S S EFEARE FE AEHO, IAEA 1
&9 FAVIE #o=E Aedn.

LabVIEW®| Z =2 IS T3t 4] (7)= Figure 213 #Zo| &
AT o, tbAx3EE(Oxsol)o] 78 == 4 (8) ~ 2 (13)°l w
2}, Figure 219] 3|20l W& 3|22 Figure 223 o] A2A| 3}
2 (7)9] 948 ARV EHE ARE § UEFE ST

ﬁ CTD sensor test panneal. ivprcrjfLH ﬁ-n-EF_l Cusol algonsm SUBVI 160?1'&\31 ;%E.H?ﬁi_:tz" lﬂlﬂlﬁ
IHE(F) : ‘&E(E)_E‘-?IE\_Q _‘_‘E%E(P) +F(0) E?m dE—rlfW) E%‘?—_-*(H) .
ol ][5 5 el » (Erromspion 5= = |l [ ol (A7)

Temperature{°C) E nominal

] ;

|

Aly=)8F

_|I1J6}T(SDcJ re(dbar)
\.-'oltage
M| Oxygen(Volt) I:l>—‘ L3 I? =
- zpec
i W A= Woffset) 273.15'
| ]ﬁi Oxygen(mi/l)
LIGEL :m
Digital ¢.& o A ] __ (Lol |
=9 T |
-~ 5
Oxsol Zr 95 48 4 2|43} 4=

CTD sensor test pannel lvproj/Lf HEH « m | 3

Figure 21. Implementation of algorithm for Oxygen data using LabVIEW
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Figure 22. Implementation of algorithm for Oxygen saturation concentration(Oxsol) data

using LabVIEW
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Oxygen volta
g o Oxygen voltage 2 Manual Voltage(DO) 2 Manual Woltage(DO) Tau20  Tau20 2

stop

oANLEE XDAQ oA 2EIE A SE S (Oxsol) 28 SubVI

&

C-KCI 2 Rt 2 T52

[
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Salinity(psyy  Cond-CTD(S/M)  Temp-CTD{°C) =
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[2 :msl—‘

T5 2 Rt2 |
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ELE i Oxsol(T,5) CIZ ORsfF————
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Delta 5
DE|
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o 1.25] L'f,_ = iz @ @
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Temp-CTD(EC) A B : ] PR N A ) ...................... n -
| I iz | 7 2 f
I Tl = Oxygen Voltge iz iz @
i X i
A — g pe -PYI 1(ml/l .
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u A2 7F 28 SubVl ﬁ. ............. i

Figure 23. Sensor verification system for two oxygen sensors
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Figure 239] A HARlL 209 4kaAl
g F22 PN AAY S 23 AER HolH fe &
T oAb ElolH o Akl dHsfof st 4the] AME D
2 A, ASY FHFE 1/48 UFo] AHgEoketEE, BE A
€9 delH A&yt dolxe EAI7F BASHA Atk ol A

74, F23 AEE HolHE CIDAA SAHEH = HolBE G418+

R
i
of
>
=2
A\
ol
ol
ol
N
fo

HaAA dolE A dYHEE WASAL Fe% AEE
AAZE e A% FEOE ge 4T F JA=F AAT + Yok
=3, CTIDAA ZAHE B4 ghe A4 2de) ks A% S

AA el Holg AF=S CTDANAY A4 g Hlwd & A stq o

en-c1og Dx_\,gsn -CTD(mIA} Oxygen-CTD{ml/N)

wn\ptrptcde( Q)
.=

Figure 24. Receiving loop for data of CTD, Optical oxygen sensor
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B A2l Ak HolE 28 BYE "uMArtol AR B/
2lE])"%, SBE 43X} AnvelE ¥ gte] 2AHlaE 98
DN E "mf R TUIFES FHitavolEl e 28 dolE | 4466
e S AT 29 HolHE AES=SE st ofdfol 4 (14)<
dzete] o9 Wste A E oA T 4 Yok

pM/1 = ml/l1x 44.66 (14)

45 AZ HolE9 & 3 AR
AN 2HoA Z8E EE HolE& LabVIEWY 55758 AHESh

tolHE A% &8sta, ARE F+ UEE Figure 259 o]

i g-g ~EFAE 73

A TS 7]

Data display

Data logging

ACata displayy|

=g

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu (SHsNs]

g9 44 9 B s@eloy A% 2z g 2] g4

Figure 25. Saving & utilization for output data
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Figure 2504 =34+ =99 HolBE &4 2 AHd oy &

=
Bz Hosty & AzdoA &8 = JEF 5] fls) whEoizl
&3 715, 9 HolHE AR Asste AHEE 4 V]

2ol A7l WASA stk 2ANE B8stel 2 A oA

G2 Agshel Asks elolgod A4 8 FAEY} AFss Dok
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Al 57 MM A A" e A

51 A4 Holy AF23

—
Q

oy
=
oyl
2
—14
el
b
>
rfo
[

A ARA R se Bk

f

B

Zx}2=0] 500kHzol B8] 108] o)A w2t} Ao HAmE =
HE SAsA e HelLE HASslr] 93] of 58 (HFo=
2x o2 wEA FPEow, =3 A= o] Table 49+ 2T}

o
N
%)
D

r4>

Table 4. Test result of Temperature data on each sampling frequency

using SVS
NZg) Zyull=(ARA] A<=
. WS TN oo st | 125k 2 | 250kH 2 | 500KHE 2
2o oy EEAFAAAN2)NC) | 19481 | 09166 | 03476 | 0.1475
T ﬂ B ZFHIHCTD)I(TC)

0.0114 | 0.0093 | 0.0115 | 0.0125

>
mlu
oE =

W9 o5 (6912kH?7)
ﬂ
[Zé - j]‘ ;Ej_éTﬁD]‘(igk 0.3770 | -0.0489 | ~0.0539 | -0.0176
o~ O 3 -
Th[ﬁlgfﬂfﬁ@ii)o <7 17464 | 09110 | 02976 | 01473

Table 4°] Hl°olE+= SAAMEZ 130709 A3 o 2R AAHAT

WEY F5o FA7 wbASES SRR FodolHe AA
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FHAE2} CTDY F2HolH et 47 A3 A TasEe ASE &
ol & 4 Ut AA A|xH HA FTE=HARI 014755 CID Al2~H

oA =AHE FHolele Azl Hla) oF 108 o] =A el

30
29
28
F2 27 ‘ h\ ’N:\l i AV 'l‘ | T 52 ™A~ H(62.5kH2)
() ¥ :,‘1 «\’ [ MIM_J -fg"*-,.\ i‘%/,s\ﬁ ] Y J - T 2-dE A2 (125kH)
26 | V’ Y| I | — 2 24 A| A El(250kHz)
! ARAREA Y — e oy
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Figure 26. Graph for Temperature data of SVS, CID on each sampling frequency
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Table 5. Test result for Temperature data of SVS using 2 sensors and CTD

F=] BE | BE Se dlole] (Aa ) ol
o | W At 0% SRR
AN T8 (C) | (C) | [44A28-CTDI(C) | [4 44 28-CTDI(C)
T=1(A A A1 2= 71)119.7059 | 0.3450 0.0069 0.3177
T2 A1 2= 51)19.6995 | 0.3895 0.0005 0.3669
T2(CTD) 19.6989| 0.010 - -

Table 59| tloJEl= ZA4Z 1000719 Hlole] A} gowRE =g

o A4 3Tie] 7 B FeulelEE A AA, WA wele v
27 v Ae 08 BTk T ol Figure 27914 AT 5 9
Sol, A WAY vloluis 8 B @slo] 0xiEe] sl e
Aow, ox HolHE Auigom Aol nlolus eAE Bexs
el HFE e Bagol TR FAR goE Uehdt
CTDS} AR 28l0] EERAE WIS CTD Al zsol vlsl), A2

rt

o] B} oF 300 olg Eoh Y= b HolAE Ae HAT 5 9

21

20.75

20.5

o U A N D e
11 1
we 1] Hl'l AT RVER VAR YR

19.25

19

i1 i 6 11 16 21 26 31 36 41 46 51

AESAHAT

Figure 27. Graph for Temperature data of SVS using 2 sensors
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52 AEZAA dolg AZZAH

6.912MHz ™ 78 do|E 2] A3= Table 63} L.
Table 6. Test result of Conductivity data on each sampling frequency
using SVS

AEY 95 PXD

ey 62.5kHz 125kHz 250kH z 500kH z

At dlolH
FEHAHAA L) (S/m)
AEE dolH
FF=AAHCTDI(TC) 0.0003 0:0003 0.0003 0.0003

0.0599 0.0398 0.0300 0.0149

AEY =52(6912kHz)

ALE oy H A _
s crlSm 0.0005 0.0014 0.0000 0.0011
Awi dlelHCAthgh) 83t | gam) 0.0284 0.0221 0.0133

A+ [ A A 2" -CTDI(S/m)

Table 62] Hlo|EE =HAUE 130712 A3t gozFE A=A
F2AA Y] A vz SO, MEY FIF FAIL FolAs
& 245 AEXE HolH9 A ZFHAS CIDY AEE HolH

gke] @7k PASA HamE AL 2l & £ Utk CTD A2
&

B 24" A=x dolEe EEFHA+= 00003 AR 7l A 43
2 ZAHFAY. A A= HAALEI CTD oo +L&
dolg FAAVE ¢ 108 A= HAAA 2"l =4 Uegoy, A=
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T AAe A AAAN2HS FHAT)E oF 508l = =4 YERYTH
Figure 28-2 Table 69 A3olA SAHE 13079 HME T 4F
N AZEY] HAE% dole ¥eE Jgza vebd Aot 54 Fut

S7b Gl A SR s WAV Ao Fvkeke Ae HA S Uk
1.45
—rev YA W O
1.4 ‘W—_"r\:[ K g w — \_:,[_'_ m— =
1.35 \
13 V \ ' — H = =-PXI(62.5kHz)
ATE ' — N £ pXI(125kHz)
(S/m) 1.25 T = = -PXI(250kHz)
— 7 & = _pPXi(500kHz)
1.2 £ £ _CTD(6912kHz)
1.15
1:1 T T T T T T T T T i

1 6 11 16 21 26 31 36 41 46
AESH AT
Figure 28. Graph for Conductivity data of SVS and CTD on each

sampling frequency

()
1o
2
b
b
=
X
N
=

E ANz "E T

ol# 2] Table 7> &L
)

L
s A Asfoln] AT Fv}

4 250kHzo]th

Table 7. Test result for Conductivity data of SVS using 2 sensors and CTD

g=| B | E= EESELE A (A gh) doTe

AEE =) 3 J 93} B 03}

AA T (S/m) | (S/m) |[RAA28-CTDIS m) [ A 2 Eﬂ ~CTDIS/m)
(A ek | 13950 | 00218 ~0.0021 0.0193
(Aot | 13994 | 00202 0.0022 0.0264
AE==(CTD) | 13972 | 0.0001 - -
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Table 79| dlolEl= SAAAE 500712 tlole] A3} goZHE] 24
HAoh A 3te] 2 Ht AEE HOlEE &5 AR @
o] ea7b BAEP oY, FAlAe} wZA R BAE whojif
Tele] ekl Felx ©le] eabEo] AR AFaEol MAAHU 2
2k ghEo] AlAR] YERd grelth. AA 24 dlolH e Aozt H
73 BEAAE 25H SAAE S92 dedt JEE AL

& =oF dAETE FAHEA oA Ae FUAE 5 AT Table 7
o] A dlolE e YHE Figure 299 T ZZ YER AT

1.46

1.44

1.42 ¥ o W A ~ hl‘\An |BY

AT aeh

AEE138 v V \ i A \
—_ T A AE]
S/m) [ HEC1-AEAAE
1.36 ——t |\ u i ' ~NT T HER- AR
—T ¥
< 54 HMEE-CTD
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Figure 29. Graph for Conductivity data of SVS using 2 sensors
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LabVIEW=Z Td3F Aba AA AAA2H AHAeS 3rlshr)
Asted, HAA 2" FAH 4FAAAM(SBE 43) 24, FE4kAaAl
1t (Optode) 18] CTD #H]
4t o] AA4AA HolHE FAl =S Figure 303 o]

g

ey
3:

Oxygen-PXI 1mi/) Oxygen-PXI 2(mif) Oxygen-PKIL Oxygen channel 1(PXI analogo) =20 N
2.14364 2.14741
Oxyger-CTD(mI/) Oxygen PXI 1-PX1 2
2.38859 £ 0018545 0.0116104
Onygen-CTDMA) 3 {";'_:‘"?‘ 2 Oxygen difference PXI 2:CTD(m/l)
G5
106.674 oKz w2 -0.256495
: Si7ma. 0z -oomesd -
i ondiE Oxygen difference PXI 1-CTD(ml/}) Oxygen-PXI2 Oxygen channel1(PXI analog1) =20 M
Thoess. |-00ei1d% |3 ele2e '
-0.244885
Manual Voltage(DO) ~ Standard deviation 2 Manual Voltage(O) 2 Standard deviation 1 Oxygen-OptodetM/L) 5 ;u i
reset reset |
0 0.0090 0 0.0051 215.564
Real Oxygen voltage  Salinity(PSU) Real Oxygen voltage 2 Salinity(PSU) Oxygen-Optode(ml/l)
g
122375 8.36311 146606 836311 4.82679
Oxygen-C1D Oxygen CTD ==c M
Sensor 1 Voltage Real stop Sensor 2 Voltage Temp_Optode(°C) g
@l | e 237848 230 YT
Temp difference CTD-Optode oA ““ o A A
Temp-CTDEQ) Cond-CIDIS/M) ongerPE Sead s i, JH‘ \ \ \‘\‘ )
Ctemp 10D cond -0.06185 23008
23.7226¢ 140654 « > &« > Oxygen difference CTD-Optada(uM/L). -2.68315 o
Oxygen PXL2-Cptode S 5501
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Figure 30. Operating software of SVS
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FFol s 7] FAAe HAER A JYsAch 1
U AR B2ET A58 49 Andd ge Asde] BT F
watel AMTE BYIES ARG 5 gomm Fosjorsty,
HaE7l 229w, AAe] Weeel tol 77 Sojrtx e

Agsforstm, AA mimd el WAE dApe] met Byo] o] Fo
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565 TR el ey
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5.45
5.4 - il n
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Figure 31. Graph for Dissolved Oxygen data of SVS, CID, Optical
Oxygen sensor on air
Figure 312 Adolx AAT AR =" AEE Fyse 20

o AAE LSRR, 250kH 2 ARSI TR mel A 2l
8 4= 9l%0], SBE 43 RHlZ =¥ A 1, 24 2,

A &=l wls) w9 A kAR FFeE UErsTh

56

Collection @ kmou



ARER Yl ZHA] LA ] ElolHE Hlaskr] fsl, 4 AAE 4ba

dolels Bt FEARAE A

(il

2007 tAo=2 F 632 TR
o] Table 8, Table 90l A &3t}

Table 8. Standard deviation for Dissolved Oxygen data of SVS, CTID,
Optical Oxygen sensor

=2 3] 2} E=A 2 ml/D

AA B 1= | 22 | 3% | 43 | 5% | 6x | B

1A A =5 0.0017 | 0.0017 | 0.0020 | 0.0018 | 0.0018 | 0.0020 | 0.0018

a
A2 A 26 0.0017 | 0.0017 | 0.0017 | 0.0016 | 0.0017 | 0.0018 | 0.0017

2F4(CTD) 0.0012 | 0.0010 | 0.0012 | 0.001Z | 0.0005 | 0.0027 | 0.0013

A2 (38 AA)) - 110.0030 | 0.0055 | 0.0036 | 0.0051+| 0.0042 | 0.0044 | 0.0043

Table 9. Average value and Average error value for Dissolved Oxygen

data of SVS, CID, Optical Oxygen sensor on air test

=7 3] 2} d ol 8 H i (ml) L2 (ml/D
MW S e o) P T
/}ﬂ/\ﬂ ?‘501——3— 1;{}‘ 27(1— 37(]— 4X]— 5X]' 6;4' gt gt Eéﬂ_
A} A
(7 Z‘{;T}l\ a)) 5.617315.6168 | 5.6150 | 5.6129 | 5.6117 | 5.6124 | 5.6143 | -0.0581 | 0.0581
IR R
(7 ;‘q} f]l: /2\ e 5.6596 | 5.6587 | 5.6570 | 5.6550 | 5.6543 | 5.6539 | 5.6564 | -0.0160 | 0.0160
=2l — X

24 (CTD)  [5.6758|5.6750 | 5.6732 | 5.6711 | 5.6702 | 56695 | 5.6724 | - -

(ﬂqﬁfi AAq)| 5-3905| 5.3807 | 53004 | 53891 | 5.3882 | 5.3862 | 5.3890 | -0.2834 0.2834
Table 8914 = SBE 43 AAME AR ABAI=HI CTD Al =H
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38 b olEe] EHAe] 2 Aol7t 9o HAY & Atk
SaraAlA e Elole EEMAL A4 ARA LG CIDA ] ¥
sl wimA A dehtou, EEEse] $AE 4 2L Jow B
wath W49 715E Jol & s A, 2 AP Fepay &
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% Page 28914 AFT vhsh Lol WHQ B A&H o
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Figure 32. Graph for Dissolved Oxygen data of SVS, CTD, Optical

Oxygen sensor on seawater
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Table 10. Average value and Average error value for Dissolved Oxygen

data of SVS, CID, Optical Oxygen sensor on seawater test

an g TE ey B e
A1 A=) 2.1941 0.0909 0.0912
A2 A =) 2.0809 -0.0223 0.0444

22 (CTD) 2.1032 - -
A2 (3F kA AL A 5.0535 2.9503 2.9503
Table 10914 UElY AAHE #HAGolEHAHE U3 ko
B FaAA oA SAHE Abagko]l Foul o) EA vebdnh 19
U Figure 329} Table 1004 yEbd thas 1, k2 2, 4F4-CTD2)
e A EES AFEA Fskom=w HAFHoR

HE 4o A%
e
4B

o]
=49 dolge 2

0
9

Table 11. Standard deviation for Dissolved Oxygen data of SVS, CID,

Optical Oxygen sensor on seawater test

AA BHE T EFd2HmlD
A1 A= H) 0.0240
A 2(H A A 2~ H) 0.0121
A4 (CTD) 0.0435
A2 (A A AL A 0.3763

Table 1191A = 2k A FZFoA 2] Ho E1 EFHAE 71553
th Bt AlA oA SAHE HolE e BET ]
Bl 108] o]’d =LA YeEbstow, Figure 32014 ¢} o] Algbol| whe}

sbae] Zgkol W heFshll EhtE Ae AT 5 9ok

rL
_);E
rr
I9
ey
N
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FRHAA BHAo g &85 CID AvPle +8

AEE, 2FaAdlAo thsh AASE] o 7,
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