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" Ol Flash

— DVFS2} Flash memory vs. Fram Bl &&0| A&t Evaluation board= 1E22t Z3.
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(1) DVFS 7|®¥ HE& Al &4 &= dHZ Hot
* STMicroelectronics 2| X2 MCU Arm Cortex-M4(80MHz, 1MB flash 128KB SRAM)E EfX{%t
eVALUATION bOARD nuceleo-1476rg0f DVFSE M &3t &2 MFE F5HE
« J12 31t Z0| Power generator2 5V DC ®R/RE S8HF0 TS 275t MCU 23S 80MHz,
40MHz, 20MHzZ ZZE7IH ADL|= MHEZ HEOHE SYS5FS.

Experiments Clock LED off (mA) LED on (mA) Average (mA)
80MHz 54.1 65.5 59.8
1 40MHz 479 59.3 53.6
20MHz 4472 55.6 499
80MHz 53.8 65.3 59.55
2 40MHz 479 59.3 53.6
20MHz 445 55.9 50.2
80MHz 54.9 65.3 60.1
3 40MHz 47.8 59.2 53.5
20MHz 444 55.8 50.1

CHEO| ClHA R0 LEDI} BE B Al S0 52 X9 W X 249 MEI FHH

HO
A O
« & 3HO| M AT MCUZ} 80MHz Clock@ 2 SAtst AL, 598 mA, 59.55 mA, 60.1 mAS| XM=&
7} -0 I 59.82 mA, MCUZ} 40MHz Clock 2 SXtst AL, 53.6 mA, 53.6 mA, 63.5 mA2|
ME7F ZHE0] HF 5357 mA, MCUZ} 20MHz Clock 2 SXtgt AL, 499 mA, 50.2 mA, 50.1

mAS| &7 S™E|0f B 50.07 mAS MEBE A%
* MCUZ} 80MHzZ ZZtgt [ CHH| 40MHzEY [} 10.45%, 20MHzY [ 16.3%2| X3 AH|ZF0| Za
gt O|= DVFSE X &%10] HIO|QEHQO| 7t&A|Zt ZLi7t 7ts&2 2l0/g

DVFS H& Hjo|e27 M= AH|ZF X 163% ZA

(2) NVRAM I—I_Q_ A| '6I:AI-E|5 M E=IEh gl g%rgjf
* Flash memory2} Fram(NVRAM)Q| A& M2 Z H|Ws7| /50| Texas Instruments it2| Flash 7|gt
Evaluation Board MSP-EXP430F5529LP2t NVRAM 7|8t Evaluation Board MSP-EXP430FR24332| H|
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- 21 gre| BAE F0[7] ?lof T 3o R FHYS Ao, 2t of2f meb #3.

H 2 Framil Flash memory A& Z 1t
/0 (mA) Idle (mA) I/O-ldle (mA)
1 MSP-EXP430F5529LP(mA) 17.13 16.46 0.67
IdleMSP-EXP430FR2433(mA) 17.82 17.55 0.27
> MSP-EXP430F5529LP(mA) 17.35 16.67 0.68
IdleMSP-EXP430FR2433(mA) 17.71 17.65 0.06
3 MSP-EXP430F5529LP(mA) 17.21 16.51 0.7
IdleMSP-EXP430FR2433(mA) 17.72 17.64 0.08

- & 389l H¥ AN Flash memorys= 22 TFHO| 0.67 mA 0.68 mA, 0.7 mAZ FEE|0
0.68 mAS| MF7t ARE|H, Fram2 AE MFEO| 027 mA, 0.06 mA, 0.08 mAER FHFE[0]
0.14 mAS| MFI} 22 &,
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* nCube ThymeZt BIZHE|O| Serial == USB 62 & +=8El= MM HEE Gateway2 M35,

12 15 nCube:Thyme(Zigbee) 22 E{ Yaw, Pitch, Roll & £l $lH
(1) Emo|A SHEEX]: IMU
« OIH{ O] A CHHEX| LHEO| 95 IMU A F&H
s IMUEEH FAEl= XN HEE $£41510] Zigbee EE2 Sl A O|EQOIZE

B
o



(2) QEHHO|A THEK|: PGS
- QHH O] A CHUFX| QR0 GPS £&,

'GPSET B A= |IXZEE 480 LTE 23S Sl AOIEQO0Z HS.
) SIEHO[A EEFX]: Ci7] A
. °._|E1ll|0|ﬁ CHEER QR0 7| B 58 HME 23
O] 2 53 HAMUM Al 712 ZEE /24510 Wik 282
5.
- HA2E ZAut
-3% MAMel 27 47| ChE FMUSH ZREZ(Zigbee, LTE, WiF)E S 3
golgt,

ol ACIEYo= H

AL
_I_Al_l
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SHe=
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mjo

12 16 nCubeThyme(WiF)2FH Cf7| MEf & A 3tH

A2l 17 nCube:Thyme(LTE)2EEf GPS ME $=4l 3tH
CIEZE2EE S4 QAEHO|A ARE 4 HAE 28

outo] Hlo|@ A Kt
- urof SN T2 x|

- HIO|ZA FE0 ME oo da|sty AFE I F0 2002((10kg Li<l)
2 &Y sigetv|X| W 7tRelof =Xgh
- o= JtFEl W H3E foh & 1= =XAReH, =X 7|7 St iy Tt
= H3M Z3.
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3 Ol =X Al sfYel =FHE
A =2 (°C) & (psu) BZEMAZF (mg/L) By
=X 7|7t 12.3+£0.2 33.0x04 8.6+0.5 3.8+1.1

- HIO|2EA dummy %

cHO|E2 = o0 Bt33t0] 2S5t MEof M2 HEo| AMESHZ|ols 7t40] &3, WatM
2latd gtg AT Al AR8TH HIO|REAH= A HO|QEAHS RYD A7|7 {FASEH dummy
mrPAT(Wild life computers, USA)E HMZ 38t ALSIASH, dummyl| 2H & 40gY

- 21010]| HIO|IREAHE HHSIZ| QsHM dummyOf tetherE F &2 Tethere mono filament2t
stainless steel wireE At&3%tRAL, dart= domeier medium dartE A%

-2 AFOM JHEE= HO|REHO| FH= 60g2Z 4092 dummy F
e El= HO[RZ7 EC} FAQl FAE 715 Al gty Hg AFE IAGAS.

12! 18 Dummy mrPATO| Tether £%t

HIO|R2AE &Y sidatet7|X] W 7720 =X S &0 5002(0 £4e Dummy £42 Oh

S _I?l__|
210] wilton applicator pin(Wildlife couputers)& O|83t0f 2AtF N, 2 S JLE2(0| CHA| =X

[=13
| Y

2 19 00| dummy mrPAT &

40| HIO|2 27 dummy F%f




oHlO| @2 KL

2|88 g HIAE

>

S = O 4
o MZ 9 &

HO|RZEAH 20| ME MU d2lsty gtg ZALE IS dummy 24 £, dAlsty da2 ZAME
XH&2 "0{E 2-phenoxy-ethanol(Sigma-Aldrich, USA)Z OHF Z, &m0 M2[=l FAHZ|E 0|8}
of DEHoM HAISHELH, CHEF(dummy O/FEEHeE M (dummy A 2428 30124 A
2, CHAl ZEF2|off &=XAI-,

M Z 0|83+0 hematocrit, hemoglobing ZFE3t¥ 1, 0| AAME2[(12000rpm, 5&, 4°C)stH &
S FEotn, 22l €XE 018310 glutamic oxaloacetic transaminase(GOT), glutamic pyruvic
transaminase(GPT), glucose(GLU), total protein, total cholesterol2 &4 £FA7[(DRI-CHEM 4000i,
FUJIFILM, Japan)2 ARE3St0 Hggh A™o| AE oo A7|l= HE 94.0+56cm, T
10.2+1.4kg 2.

et
R
0x
0z
A
1x
Y
i
rir
n
ojo
=t

N
0jo

idL)

Hemoglobin (g

o w B oW B b
Hematocrit (%)

« 3 & 8 B8

GOT (nll)
- 3 &
GPT (ull)

§

Tatal Protein {g/dL)
PO
Total Cholezterol (mgdL)
s §
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= 1.71Vto 3.8 V power supply
- -40 "C o 851125 "C temperalure range
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= 106 & Standby mode (5 wakeup ping)
— 375 nA Standby mode with RTC
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= B4 pAMMHE run mode
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150 mm (length) x 60 mm (diameter)

Weight in Air <100 g

‘Sensors

Depth Sensor Range
Depth Sensor Accuracy
Temperature Sensor Range
Light Sensor

Operating Temperature Rating (C)

Wet/Dry, Depth, Temperature, Light, ®M8EM(6%)
1000 m

+0,15 %FS

-5 Cto 60" C

57m lux to 375 lux
3 97)

-20° Cto 50" C

| Recommended Storage Temperature

Memory

Pressure Raling

Maamum Deployment Lengih
Data Interface

-40° Cto 60" C
64 Megabytes(MB)
1200 m

> 6 month

Through connector USB-TTL Serial Board
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(8 (s+ 1/(2b))/(s + &)™

II1.1 I ‘H i - "
”hr_-,.llr l: Eh{.‘i L lft:ﬂhj}mm“f”“;:.
"6 = ﬁ u = max{|Cl, [mlCI]} Y.
- 2o A2 &8l 4, > 00f CHsH v, 2| Probability Density Function(PDF)2 Of2{2| =Alo=2 HHTh 4=
(o) K=2
AN O

.f-r {J}_L( ) umqm.nlc H3i—8 _ §IC. |+ i

F=0

."}'—"—;‘ o R ] [M%:(Li_‘ (¥;;;)
I

o -
i C{pe—45+ 1)

_ P

Rl UM 5= (u—IC)", (2)", y= 52 SNR T ()= gamma function, A7, ()= Whittaker 2=,
0

m|Cj| — i
TR e oE de MEo| BE HEY, e m= 59 m, 0t

2b m ! Q
gt RloM ==3t PDFE E83ll HO|RZ7 9| average data rate2 Of2fe] +AICZ BT 4= S,

-

T =L (gp)(m-DIC _ gmic]

T =— (2t . gmiCil-p,
lll'—."( )

i" 8 .g*® 53 w+i4+1,1,1,0
D) "M\ 4 4, 1,0

]
p+4,1,1,0
3, 1,0 '

G- a4 v
b7 Waa| %
U 1) ' i
) BIOIRZA il FARtS 7|Htez of oL ME ZE|E
- ?loM =ES +ASE 7oz HO|REA o 4 27N (TS HOoHE)E BEEOEM AESt=
= HS

DA £=£ X|a3}5}7| &lst X &3}




min |C;|
s.t. R > H:h

- 2o $=AMo|M R" = HIOIRQEA 7} @F8= ME Ho|HE2| XagtE 2oy
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- flel EXel AH=E A ot2fel Eu2EFS MAlg

1 Initialize |C;| =y

1 repeat

3 Update |C;| = [Ci] + 1:

4 Calculate the average data rates for all service clouds
of size |C;| in all available DAs C2 by using the

I'ulltrwing equation;
K= {am*"‘ DHCH | gmiCil-n,
L ( #l -;u;ul,l,l,u)
-1'!. T ;
= f‘[;: & #1,0
: -4 LG 7| -p+5nlL L0
s F(p+1) 4 [ 2 1L0 '
which has been derived in (7);
[ Find the service cloud that maximizes the average
data ratc;

7 Calculate R™ according to the MUE-CH links
channel environment by using the following
equation:

U]

E Ry,

R =

M’Il -

which has been derived in (lll:l:
s until f2; = R
% return |C;|
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=
=

HWE 28l [¢|E ZA™SH=0| Best selection (Proposed algorithm) 3! Random selection &4l9| & 7}
AME De{gh 2ol ZME Sl Best selection 7|H0| Random selection 7| Cf
BHOol= Ag =elgh 539, [clel 27|17t S7reto| w2t &= EHA 7te] 45

PELIOf A AfElEh 5

£ Zolg = e, Ol |7t ¢'ofl H2stH 28F =+ Us ZE ¢
i & CHO[HAIE| O|50| Z2ot7| MEY.

ot B2l 7t E0{E1 0|2 Qlsl| 2FELt

=] 3|4|5|6|7]|8
Proposed 2 1 | | | |
R = 2 hps/He
i P "Random | 2121212111
Proposed 2 2 2 2 2 |
R w4 hpsiHe - -
Random 2 2 2 2 2 2
Proposed | 3 | 2] 2| 2 2] 2
R = 6 bhps/H
y i et Rundom a|laj2|2]12]2
Proposed | 3 |3 [ 2 (2]2]2
R = 8 bps/Hz
" P Random 3 3 3|3 302
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= of 2112|F0| HO|REAHC| QoSE EXSt= MO|A DAS| +E X AsIeto 2 M
39| x| 2EH2l 2 7| & = ASS 2lojg

HIO|R 2712| QoSE EFol= MO|M DAQ| +& Z|235t:= E1naF Het

O|F HIO|RZZ AlEH HE

2o Mol XA fAZ 23 HO|R2EX conditioning AT
MAN, Atetd meh, Xt = U O sy HAE SAH 52 LS E Llsts oA
Aol gtg mE EME WM iy =2 ols BE, MA o 8 MY =2 5 GIS
(Geographic Information System) 7|8t9| 7|XXt2 2E 7} TN
O =9 BAYRE A0 Idm XEL HeHE X7 Z
0| 83l= aacoustic telemetry system, pop-up satellite archival tag(PSAT)2
HO|REAHZ EHEE[0 A3,

HIO|RZA PSATS| 42, EH%* =0 2A5He 2 7|17 MA2E, 70| H X2| fIXE MEet F XHE
=W Ot WE0M X5 &
OjLf 7tez| &2 Ef ofF x' HICEAS2
O A0 1 &&=t S7I5t U2,
HIO|RZ2A PSATE FE Cfd SiY ZRF HCOHHO], &0 I HICEARL 22 O sjAEES ez 2
T=o| Ol FH G Moty AT d3H2E O|ESHK|TE PSAT Ed4 HE MWE9| Mot SAHz[0{0F
SIEE, CHY =0l et AH QA A8 ElEs 2 2|8 LIYE1 22 teherdf| CHYTH HEHCQ| anchorg
O|-83}7Lt, mono filament, cable tie?t nylon bolt X nut 52 &8s £4 220 =42 X|azistn £AtE
PSATZt QFgX oz Z=lE 7|2t Lol FA0] X|£E|00F St= At SA|0
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Of 2.

- HIO|RZH PSATS| M RAI2 iy d=2 AEnA |Y, 24 2elel 4F, dX oo e tagel EE
X HA Ll SOl EX7F YMY THs40] 2 F, PSAT 28 T Oy ME0| M8 QHgEel BAEo| H
X MZAE[OoFRt FIIZH 28 A XtE HEIF 7ksY 4= U0, PSATS| AN ME i W= UL
A 2RSS oA I3 conditioning ATt 271E.

- HO|RZA PSAT 24 = AlZh ZtE Oy M=o OlX|= Cret delad g Howo| flioh 2EA

Of SAIOf 2AE tage| FFFO| A&7t QLK tag FAO| 2 O W22 AY
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H

MEHQF 22X Fgk dTs 0 258
c YAUHY K| HE tag FARE QIoh AERA, HYSHE Fok A KU Sod X0 Tl HIE & += US.
* WO{(Seriola quinqueradiata)= FEILE Y2 X Stef0| & EfEY0| F2 2XEd5t= s0i= A0 £5t=
F2EM, =2 ZHH 72 22X At 8 2X0| st sjit olfFEM, SN 22 X oF
dd, X0t 709 MEf 4 W AlY 0| EnE[Y, L20Me o, AMs X 2lf 42 S0 Eug]|
UAX[TL HO{Q| PSAT H&t0| MHE e[St A7t O|F0{Zl HiZt Q2.

- 22 2o Xl Vi ZLHIAS Tt 2lf 242 X MEfd2std HE £T Al pSATS| QPIE Ol A2
50| Rt conditioning 7|8 ZHLS @[ FAH| HE AlZH ZuPd 2o{o| HHd Bl U pSAT £
HaES TSNS

- A0 S=oYnEl s S HAYERHAZIXO Al S ME 10.2+14kg(B£SD)2| Ol 120122
ALEoIRE. A 7|2t 32 MY = PSAT R4 2 XRER RY0| 7I&StEE S{a7tFE|(6x6x6m)0| =&
St A = WEK] Zlbg

« MH0| A28 PSATE Wildlife Computers Inc.(WA, USA)S| 7HF 2 ZEIQI mark report PAT(mrPAT)2t &2

ok

37|12t FAZ HMEE dummy mrPAT(Wildlife Computers Inc, WA, USA/E AMSSIRS(AE 46).

a8 47 2ol AH8E dummy mrPAT

MHE dummy mrPATS] FAIQt 3A7[& ZZb 4091t 127mmO|ACD, = MY HAEON &L=
mini-PAT £A7t 60g0|7| =0 &Hof Mo FIXO|n X|&X el 24 =0lg {5 2705 SILtQ| setZ |0
FAE 7t55 =00 FAGHAS.

« BE MHOE dummy PSAT 25 ™ S{M7FFE[0AM 102 04 #=X| = 20{9] SX|=2{0| o2fZ 2|0 £
Aol on, RaHe ZatAl MEO| tHY anchor £AHT (single anchor, SA), &4 anchor £&H (dual
anchor, DA) % A2|2 &8 HXilicon tube, ST)Q| 37HK| typeQ 2 MMSIAZ(AE 47).



g 48 20l M2 HO|EAH FE0
anchor(SA; a, aa), =3 anchor(DA; b, bb),

g
L
M2t Al

7|.x| |:||-|:H.

ME|2 EE(ST: ¢ co) Ef

—'?—71| b 37| 22 04692 202mmE dummy mrPAT set01| OH—f k= —'|:- HNE sty WOl 8% =0
BASIGol HE|2 FE ERQ 4% 28 424mm, WE 264mm2| AE2|E FEE #o % 250 X
2Tt 2, tube L0l mono filamentE & &St dummy mrPATRl HZ SIS

RE Mo $HETE A S| oot AERAE K[| f{5 2-phenoxyethanol (150mg/LE O £ X|IF
£ O tagE: FASIYCH, 24 20| povidone iodine solutionZE AEXE| 3 oxytetracycline
200mg/L2| Si=0f 57+ =3t L5 sia7HFelof =833,

SATRLE HHE IETEAM 0|25 T (control, OF SHSIAM, CHETRL £AFYF, SA DA 12|12 ST=
Zb 30R2 (A ARESHY & 2827t RS TSRS

A 717t SOt SHEXHO| 4R 2, G& 8FEMA Y FHEE= 212 123+02°C, 33.0+04psu, 8.6+0.5mg/L,

2|2 38+1.1m ¢l
80 SX|=240d| ofzH

o] EAH0l SA DA, STQ CHETC

142 Sl 282M0| 2E OO xS
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& sjmeios Xals FA|E

Yol ot HOE ZAISE| fI6H tag £E 1Y,
RS HUMES MB0|E 2-phenoxyethanol(150 mg/L)Z 1&7t OF
0|85t DR 2R E KFSH P LY hemoglobin, hematocrit,

glucose(GLU), total protein(TP), total cholesterol(TCHO), glutamic oxaloacetic transaminase(GOT), glutamic

pyruvic transaminase(GPT), Na’,

W GLU, TP, TCHO, GOT, GPT, Na*

K*, CI,
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o &2 FED XNSHAZAT|(FUJI DRY-CHEM 4000i, FUJIFILM, Tokyo, Japan)E AME3St0] =&
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o
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Si Xt
|_ EO

K OB 2MIYS. @3 W cortisold} SODE ELISA kit(CUSABIO, China)
2 ME3IH competitive inhibition technique ELISA H2Z X|ZEALQ|
spectrophotometer(BioTek, USA)E AHES10] Z7SIRY
Tag £&70! SA, DA % STO| dummy mrPAT E&282 =
14 2 28AMO| tag H2H OJEE RESIO BAZSS L
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To| 1R CIETOIN T £A| LIERIS, A
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T AO[O= Relgt RHO7F BIAS(P>0.05). FAF 72D 14UR 2F A AO|Of XHO[7} BIRAS(P>0.05).
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Day= Days
T2 49 HO|RZ2A dummy mrPAT SAHEHO| MHE AlZH ZtE 2h0{Q)
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LIEHLHRIS. GOPQ| A< CHZETQt SA, DA
T Afo[ofl= Relt XtO|7F SUAS( P>005)

T AO|OME Relst Aol QIS 2Lt £&
S ofst gl B30
% ST A&7 Alojofl= Relst Xto|7t IRtS.
2N Ul GPT k2| 82 =79t SA DA
Xt0|7F SIAS(P>0.05).
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3 50 HO|RZ27 dummy mrPAT
GPT(?) s& B3} (Control: H|E%T, Single anchor:

ol Lt
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=

-

Days

== anchor, Silicon tube: &

SELE

12|12 ®E).

100

of g Al

ROl M2 CHE &2

Days

2t

—

Cjol
—=

(ET£SE n=3)2 F2I5IA CIE(P<0.05)

* HIO|2 27 dummy mrPAT £%}

Glucose?| A%

off LIEFARAS.
xto|7t 9i9ie

HAAA O

o
S

(P>0.05). £&k7

Py

CH=TQF SA, DA & ST AHo 12Mi=
F9Igk Xto|7t
(P<0.05).

L Al
|_E%II

2(P>005). BAF 72Ro| A

of HIsk SA METE QolsHA K1 S
« M L} Na* 20O A CHETQF SA DA ¥
2, 282 2

T =20
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r
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L O

% sT A
T AlO[ofl=

AlS]
==

AlS]

400 +

Glocos e (mg/dL.)
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[ R ETR
I Al ke
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i 2o] 1Ay
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100

EXe) X3
T AT

b Zot0] mhE Ho{o| HH LY glucose2t Na*
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o d
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32 51 HO|2Z7{ dummy mrPAT FAtEHHO| 2 A|ZH Aot 2Ho{9
glucose(ZHQF Na*(?) &= 32} (Control: H

Dual anchor: &

2 2= anchor, Silicon tube:

I
'EIE—

7HE SH(E T £SE, n=3)2

« HIO|R2Z7{ dummy mrPAT §Z

LIQIS. &lol LY K+ sEo| &

X017t BRtE

HA AX I:I

s
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o
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(P>0.05). £&F 72, 28
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=

=I=EN

Xt

o
=
T

T
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ol Lt
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CH2(P<0.05)

£
ygs

Afolof|

a sk HgE 1

LOO
= TT—

ROl M2 HHE XS

EI 50
Ato[ofl=
N ESS

Xto|7t

a2l 51 LIE}

5t
|o

Afololl=



-l W O =2 4% CH=ef SA DA & ST &7 1€ 2T Aojol= Relst Aoofl= Xto|7t
BIAZ(P>005). £ 7€, 282M2| 39 2F HT MO|0l= Folgh Xo|7t BIAS.
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I e [ e
R Sl mndh o s e
[ RLFERER I T e
B S e [ B ]
g T
a
= a 3 a2 ada a3
El = ag 3 = a3 =
@ = = e =
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vl 5 CE L
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1 14 ] 1 14 15
Dmys D=

3 52 HO|REA dummy mrPAT £AHEMH0)| 2 A|ZH ZapE Hhojol K*(Zhet

CI' (%) & 3} Control: HIE AT, Single anchor: £t¥ anchor, Dual anchor: &=

anchor, Silicon tube: 2|2 E) 59 R0 M2 CHE EXE 78 24(E T +SE,
n=3)2 F2[StA LIE(P<0.05)

- HIO|2 27 dummy mrPAT —'?'—’“ UYE AlZH B0 2 H0{e] =M LY total proteint total cholesterol &
T H3E O3 520 LIEHHRAS. Total protein®| Z< CHETQF SA DA X ST A& 1€M= AT ALO]
Ol |lgH Ato[oll= Xto|7t 81918 (P>0.05). £& 7ol B2 AT Ato[ofl= Flgh Xo|7F QUUS. FA
28UMO| AR CHET, SA DA X ST A= ZT0| Hgh SA = ROISH R DARt ST A=
FOISHA =AS(P<0.05).
« @A LY total cholesterol %Eol BF =2 SA DA % ST &2l 12/= AT A0|oE Felgh A
ol XHO|7F AAS(P>005). HAH 7L ZQ AMHp *foloﬂn_ Folgh Xto[7t GRS, FA 282UM2| F¢
CHZ=10f Bo§ SAF ST HETE R2ISH RRUS(P<0.05).
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Total protein {g/dL)
&
Totnl cholesteral {medL)
i &
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Days Days
1% 53 HIO|REA dummy mrPAT SEHEHH0| HE A7t ZabE 20{9] total
protein(ZhH 2} total cholesterol(o) S&E #3} (Control: HIE%FT, Single anchor: THY
anchor, Dual anchor: &%= anchor, Silicon tube: &2|2 §5) 5 EX0 M2
Ct2 2XHE 7H8 ZH("+SE, n=3)2 R2I5H CH5(P<0.05)

* HIO|RZ7 dummy mrPAT F2F HH-HE AlZt Zatof [HE 20jo| HH LY cortisoldt superoxide dismutase &
& H3lE 18 530] LEHHRAS. Cortisol| ZS CHETQF SA DA X ST AHETo 19M= AyT AO|0=
oIt ALO|OE XIO|7t QUAS(P>0.05). £ 7Y, 282 2T HEHT AO|ol= RIS Xt0|7F iUS.



« @A LY superoxide dismutase —L=E°| A CHETQ SA, DA 9 ST Al&q10] 12UR= AlS1 AtO|Of|= S0|3H
ALO[Ofl & XHOI7t ARAS(P>0.05). £2F 7Y, 282 =& AT ALO|0f= F2lBt XtO|7} IS,
1= — M)
_iﬂ_l“_ﬂ 'g [ gt
B Siwrckc amuchar _E e b amachar
[F g P 1] [ ST
—_— S duls ,f'__ 1=0 3 [ R T
% 10+ % %
— E a m = L a2 2 3 >
= s iuiw . ;g 100 .
E 5 I 2 T H a
S T s
g
L
1 14 28
Days Days
18 54 HIO|2E dummy mrPAT SAtEIHO| 2 A[ZE ZOE 209
cortisol(Zh 2t superoxide dismutase(?) s= ER} (Control: H|E%}t1, Single anchor
Tt anchor, Dual anchor; &3 anchor, Silicon tube: 2|2 §E) S R0
MZ CtE2 EXE 74X ZHE— T +SE, n=3)2 |2[5IA CtE(P<0.05)
* Tag O[4] BIRHO| CHe O1Fe| EAlsHH G Me|skd X[®0| O|X|= g 24 Al tagging ZH=ETH ofL|2} Of
F 3 ZZ(catch) YAl AE A Q102 S| I20f 0[] ¥ UA| 117 ez Ensti Qo =
olof 2kt A7 Hash

« 90| K|Q| PSAT X0 EEt— dummy mrPATS| EXASES H 40 LIEILIQAS. 225 12Me] 42 ZE &2
AT0|AM tagZt EEISHK| QUUAKX|DH FEH 14UTO| 2 % SA HXSQt DA 2A RE ERESIY 0%2| RAm
28 E¥D, ST BXE 100% $&§=Zr% 2 2& 28Ul B ST EAOA 1707t EH2fst0] 66.7%2]
SN2 N K| 2EYE Z ST 28727 74 §%’5|°._| AR LIEHHS.

- 0|2} 22 Zit= 212 FEI YO 2% £&200 1¥8E1, FE W 37 WE 0]0{Fl monofilament0i 2|
ol tag7t HAZ|HA oo R0 oot BA 22| 25 &40| CHE 0| H|g| F0| MR ZiAst
RQ7| [[H+ 2 dZE

* PSATQI &2 HIO|EAH= OfF0| 24 &7 T 02, HAF 3 o[l Cfet O|FE Qs Z=1MEN pop-up
7|12t oo Xt=Q| 3|7t O|FO0E += Jtsd2 & EXWSHR|TE 2 HT0|A LIEH HEQE ZH0| LA M=
AN SAEOH)| CHSH conditioning ST EE Sl HIO|REHQ| &89l ISt/ XFHe2 Hadt Ao
2 dZE

H 5 HO[REXH dummy mrPAT SAHEMHO| [E A|7F ZatE 209 Ko RizE
LR SNEE%)
12w 14T 28 LM
Tt anchor 100.0+0.0° 0.0+0.0°
224 anchor 100.0+£0.0° 0.0+0.0°
HE|2RE 100.0+0.0° 100.0+0.0° 66.7+33.3
SYT EMo| ME CHE PEAE 74N Y(EBF+BFEHX}, n=3)2 |F2SHA C+E(P<0.05)
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E 6 mini-PATS| =2 X

Dimensions 127mm(length) x 28mm(dimeter)
Weight in Air 60g
Pressure Rating 2000m

Operating Frequency | 401.678MHz

Operating Life Up to two years
Sensors Temperature, Tilt, Wet/Dry
Temperature Range: -20°C to 50°C / Resolution: 0.05°C

Storage Temperature | 5°C Optimal

Communication Via USB port using Wildlife Computers USB-Blue cable
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H 7 HO[REAH F& H0{ mini-PATL| pop-up EE

No. Tag ID. Species Release date Date of pop-up Days of data

1 198931 Yellowtail 2020-10-14 2020-10-24 11

2 198933 Yellowtail 2020-10-14 2021-01-02 81

3 198934 Yellowtail 2020-10-14 Failed -
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to1o| =BX 0|5 ZZ+& tag ID. 1989332 4 WF = 81Y (2020 F 10¥ 14YLEH 2021H 18 29) &
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ke1512_winter
ke1515_winter
ke1514_winter
ke1513 winter
vt15081 winter1
vt15079_winter1
vt16250_winter1
vt16251 winter
vt16247 winter1
vt16249_winter
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subadult
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2015-05-02
2015-05-10
2015-05-12
2015-05-16
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2016-05-12
2017-05-01
2017-05-02
2017-05-05
2017-05-06
2017-05-08
2017-05-15
2018-04-20
2018-05-03
2018-05-10
2018-05-10
2018-05-13
2019-04-21
2019-05-04
2019-05-04
2019-05-07
2019-05-15
2020-04-29
2020-05-09

2015-05-04
2017-04-11
2017-05-01
2017-05-13
2019-05-01
2019-05-12

1935.263
161.272
290.726
114.555
575.145
2895.683
1597.724
702.935
233.164
16.919
2964.259
338.148
2157.766
78.984
517.895
950.696
4124718
3182.860
185.959
462.567
9.220
9.669
226.134
23.758
578.261
157.840
545.788
294.231

1260.477



kopri1902_winter  subadult 2020-04-19 248.452 0.202

kopri1903_winter  subadult 2020-04-20 63.622 0.300
kopri1906_winter  subadult 2020-04-20 166.330 0.405
kopri1901_winter ~ subadult ~ 2020-04-24 217.583 0.403
kopri1905_winter  subadult ~ 2020-04-24 206.308 0.548
kopri1907_winter  subadult 2020-05-13 1046.785 0.632
kopri1909_winter  subadult 2020-05-14 396.277 0.301
kopri1902_winter2  subadult - 1103.003 0.202
kopri1904_winter subadult - 251.315 0.301
kopri1909_winter2  subadult - 25.230 0.301

vt15088_winter ? 2016-04-14 5112.404 0.577
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Solar charging system, 12 hours interval,
GPS—Mobile Phone based Telemetry System)
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* /X FHE HO|2EAH WT-300 (KoECO Co.,
Weight:  22g, Dimensions 48X36X16mm
(LXWXH), Internal Lithium—lon 200mAh,
Solar charging system, 12 hours interval,
GPS—Mobile Phone based Telemetry System)
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* AXFHE HOIRZH  WT-300 (KoECO Co,
Weight: 22g, Dimensions 48x36x16mm (LxWxH),
Internal  Lithium-lon 200mAh, Solar charging
system, 12 hours interval, GPS-Mobile Phone
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"I XO[7F AS A= Of&e
- MZ0H7| gH|(adults)?t OFGH|(sub-adults) 0|5 B= H|L(DE 86)

+\Vega gulls (n=46)
Adults
Subadults

ot A2HEZ EU= MZOH7| 4670H|2] OlF
220174 102 11¥~20214 3¢ 69)

- A2H I FEot ZRO| 0|F FE22t OfEH Ot HAX|OM H0T d2o| 5H ag X F5F
TE H|J-l—

+2017'F 10E2H 2021 37X HO|REHES S Y2 MZO7|2 fIX| HIOHE 7|7t /IEE
JECR BME

ZO§7|0f S0t HIO|QEATE QAT 2l Ji== Bx 971 0|22 F&5| U2 *1€0| fX|
YEE 25517 2ls AFEE(AE 88, & 12).

HS717H10~4E) 1t B4 7|2F (6~88) sl #1d +=E H|uSIAS Mjf, HA 7|ZH0l= B 11.574
ol fldE A8, E&7|7H0l= Bx 10670 O[stel 21 dE AHE50 E&7|7H2 fIXHE
of &tz Jt HluIH &2 ASZ LIEFH(ANOVA test, p < 0.001).
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E7¢ 30| HOIE. 70° O|&o| XM RIXE X7 i A8St= f1del M7t B 10.7707H

2 ZSOSAS(EE 89, & 13).
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Satellites
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w
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Latitude

[T

60 -

1

T+~ 80

0 97 9= 12 91X GlOIE{] 21y T4
£ 14 98 7128 A HOEY 9y A4
2 Q% HolEl &) | WP | BEEA | 12902 | 32 | 3294
1 (9574) 10.140 3.687 8 10 13
2 (10046) 10.166 3.697 8 10 13
3 (12774) 9.855 3.347 8 9 12
4 (13391) 10.359 3.390 8 10 14
5 (10882) 10.768 3.285 9 10.5 13
6 (7722) 11.850 3.156 10 12 14
7 (9942) 11.638 2.995 10 12 14
8 (9704) 11.503 2.987 10 11 14
9 (8677) 11.044 3.126 9 11 13
10 (8002) 10471 3.299 8 10 13
11 (9925) 10.583 3.467 8 10 13
12 (10163) 10.239 3.565 8 10 13
B 15 929 7128 9K Holgel 9y 4
J= (A HOE A% | Bz | mxEx | 129+ | %@t | 3294
20° ~ 30° (1022) 6.063601 2.127398 5 6 7
30° ~ 40° (64613) 10.31051 3.589662 8 10 13
40° ~ 50° (14233) 10.36289 2.885226 8 10 12
50° ~ 60° (11154) 11.32849 3.170552 9 11 14
60° ~ 70° (19384) 11.88155 2.710793 10 12 14
70° ~ 80° (10396) 10.77049 3.470766 9 11 13




# 16 E2 9K HOlH =25 = (22 7[E)

E i HEEA 12l SLU 3=l
1 10.099 3.876 9 12 12
2 10.426 3.138 10 12 12
3 11.627 2.071 12 12 12
4 12.420 3.340 12 12 12
5 13.057 7.304 12 12 12
6 12.593 5.258 12 12 12
7 12.494 2.929 12 12 12
8 11.724 2.993 12 12 12
9 11.313 4.948 12 12 12
10 10.558 4.842 10 12 12
11 11.023 2.877 12 12 12
12 10.445 3.344 11 12 12

- Do7| GPS O[SAIR A bl
CHEXQ 28|8 YSXQ 24t 2

+2020F 1& 15€5H 63 7€M 7HHE Ol B=2E FHH(AEH 90)
- FA W B0l F2 O|RX|= XF2 Sk FH 2HE 10km O Y

< 10708 7H2H +H 27iHE SMZ 9 60km HO{Tl AZH X|FojM H{ECH Sotgtn, AA 17hH=
MZ 40km EO{Z! sfot X|HS CHAS(AEIN.
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59 Coastal Werland
B9 Inland Wetland
i Cropland

W Brakish water
: B Grass
B9 Freshwater
" . .

Coastal Wetland  Inland Wetland Croplund Brakish water Girass Freshwater
Landcover

Habitat use (Pereentage %)

=

a2 101 E&71ZH agtez|(1o0t2))e] MAIX| o8 k.
¢lotE Xl(coastal wetland)@} LHE & X|(inland wetland)S
7t BO| 0|8%ts A2z LtEtR2H, 58 X|(cropland),
7|5=X| Y (brakish water), ZX|(grass), = =(freshwater)
T2 0|83%t= A2 =0

27]217] GPS O|SAtZ 7HAHE H|u

271217|19] ESX|Q F=A|l Shg B LCHoM 27|27 9/WME Z=leh(=H 37HA, A 67hH).

0

20219 2& 19€7H O3 32 =4 J8.
F

A2 otF X9 o2 g, otg otr YoM 2Af 9ol F7| 230| CHEZE X|HdiM 0| R0
D A B2 WM7E s XG9S 0|8t A= =QEH(E 94).

g2 47|247]9] MAX| Ol BRE FHY2ZMN ot= S Mzl olF B2, dF/A % oF
AZ1E =l 7580l ol E.

O3 102 d=oM Z=lsk A7[2{7] 1074K2| O|=
2220214 22 19¢ ~ 20214 38 109)
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- EXO=EEE =3 MAX 018 24

-HIOIREZE & €2 MZOH7|, 22|, 27[7[9 /K| HOHE &BRAM QELLE HS
=2 EX|L|SX| = (egis.me.go.kn@t &4 24510 AAlX| 0|82 Hlug

* /X ClojHet EXOEXEE QELL X2 HE A2H(GIS)?! QGIS| point sampling toolE O
8350, 2t 9IX| HIO|EQel MAX] BSFE mAStD, 0|8 S 24t 2| MAX| 0|82 Hlugh

of
- MZ 7| ‘Sea Water Ol A CHE 75% O|42| AlZhe EUjD, NHQ2lE ‘Wet land’ 12|11, 2/7|2f

oF b A

= 17 Adoy7], 2ged], 27]217]12) AAX] o] vl&

Bare land 10.66+1.42 3434233 517+1.98
Broadleaf Forest 0.11£0.02 5.38+5.21 0.44+0.25
Crops 0.18+0.06 4.62+1.58 0.09+0.08
Fresh Water 2.03+0.46 3.18+1.13 16.33+£5.66
Grassland 0.24+0.06 577+£1.09 9.35+4.61
Mixed Forest 0.03+£0.01 0.19+0.19 0.02+0.01
Needle-like leaf Forest 0.14+0.02 0.05+0.03 0.01+0.01
Rice paddy 0.09+0.03 13.87+£3.37 4341+£12.2
Sea Water 75.17+1.83 6.55+1.5 0.98+0.71
Unknown 217+1.2 26.49+8.52 1.68+1.25
Urban and built-up 6.66+0.71 0.67+£0.18 3.09+2.05
Wetland 2.53+0.75 29.79+3.85 19.43+£8.04
60 Habitat
. Sea Water
. Bare land
= . Urban and built-up
E'g . Wetland
é’j . Meedle-like leaf Forest
e . Eroadiea Forest
Rice paddy
i Mixed Forest
. Unknown
—— . —

Habitat

T2 103 A7) AJAlX] o]& H|&




Proportion( %)

Proportion(%)

40

304 Habitat

. Sea Water

Fresh Water

. Bare land
. Urban and built-up
B vetana

{ Crops
= Needle-like leaf Forest
Broadieaf Forest
. Grassland
. Rice paddy

I wsaForest
. Unknown

; ]
Habitat

5 104 uxpefo] AAX] ol Hl&

B0

Habitat

. Sea Water

Fresh Water

. Bare land
. Urban and built-up
B vetana

| Crops
= Needle-like leaf Forest
Broadleaf Forest
. Grassland
. Rice paddy

. Mixed Forest
. Unknown

Habitat
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algorithm.
degradation of HMM is up to 8.1 %, and 2.7 % on the average for
tar, 8.1 % and 7.7 % for kemel compile and 2.2 %, 1.6 % for rm
workload.

Considering that PCM has a 2XS\sim$4X higher density than
DRAM. the HMM system can provide better performance than a
DRAM-only system for a given dic size. For example, an HMM
system with 1 GB of DRAM and 7 GB of PCM provides better
performance than a system with 2 GB of DRAM, as shown in
Figure 6. This is one of the most realistic PCM-based approaches
to decrease system power consumption with enhanced

ABSTRACT

Koo, S.M.; Seo, J.M.; Song. Y.J., and Back, S.J.,

2020. Swrag» class memory based hybrid memory system for
S J-H. and Cui,

R practical remote sensing. /n: Jung, HL-S.; Lee, S.. and Ryu, J.-H. (eds.), In: Jung, I ce,
J T. (ed: dvances in Geospatial Research of C m.&m/ﬁm/mﬂmmh Journal of Coastal Research, Special
P 102, pp. 254-260. Coconut Creek (Florida), ISSN 0749-0208.

wiww.JCRonline.org

In the remote sensing domain, large-sized, files such as high-resolution satellite images or sonar video clips from

unmanned underwater vehicles arc very commeon. For processing big files. a large main memory is necessary. The
main memory capacity highly influences the performance of computer systems. The demand for DRAM capacity has
never been satisfied, and more importantly, large DRAM systems suffer from significant power consumption. To case
the problem, a promising solution is to build a hybrid main memory (HMM) system composed of a small number of

fast DRAMs and many inexpensive devices. By mimicking larg

and fast main memory capacity, HMM allows

‘computer systems to run applications that require more DRAM than is installed on the sysiem. In this paper, a novel

HMM management scheme for a storage cl

ss memory (SCM)-based HMM was introduced. As all the data stored on

SCM are already non-volatile, the overall performance of the computer system is enhanced further by not flushing
them periodically. The proposed idea was implemented on Linux and its performance was measured using an SCM

emulation system. It was shown that HMM cfficiently improves performance by up o 77.9 %
i it

com with a

operating system.

that the proposed idea’s fault recovery mechanisms

could restore dirty data that are not yet synchronized with storage. within 91 % of the test time.

ADDITIONAL INDEX WORDS: Remote sensing, siorage class memory. non-volatility, cache, dirty data.

INTRODUCTION

Remote sensing obtains information about a target object. The
information can be collected using various types of remote
sensing systems such as satellites. aircraft, biologgers, or
unmanned vehicles, including unmanned aerial vehicles (UAVs)
or autonomous underwater vehicles (AUVs). These systems are
equipped with cameras, radar, sonar, or many other diverse
sensors depending on their purpose. To collect better quality data,
high-resolution sensors are installed on the system. The higher-
resolution sensors produce larger files. For example. a sentinel-3
Ocean and Land Color Instrument (OLCI) image of 21 bands has.
a'size of 600 t0 700 MB, a G Ocean
Color Imager (GOCI) 8 band image is approximately 50 10 100
MB in size, and high quality satellite image size is over hundreds
of giga bytes. For processing larger files, a larger main memory
is needed. In particular, when data is processed in parallel, the
memory shortfall increases, thereby, causing scrious, unavoidable
performance degradation.

The gap between the performance of the main memory and
secandary storage establishes the capacity of main memory as one
of the most influential factors in computer system performance.
With current technology advancing rapidly, it is now possible to

DOI: 10.2113/STH03-031.1 received 31 August 2020; accepred in
revision 16 November 2020,
*Corresponding author: smkoo@kiostac ke

Coastal Education and Research Foundation, Inc. 2020

build a system with a large main memory. Installing larger
DRAM s the casicst method for achieving better performance.

However, the cost is always consequential, and more
importantly, DRAM capacity has been always scarce, and the
demand has never been satisfied. Furthermore, a large DRAM is
one of the most significant power-dissipation components in
modem computer systems. for both enterprise-scale systems and
mobile devices.

Hybrid main memory (HMM), composed of a small quantity
of fast and expensive DRAMs and a large number of relatively
slow and chy 1d be a practical alleviate
this problem. The main purpose of HMM is to mimic large and
fast DRAMs. HMM allows computer systems to run applications
that require more DRAM than is installed. Furthermore, HMM
potentially enhances the overall performance of a system because
the (virtually) increased memory capacity decreases the swapping
that degrades system performance.

A new optimization point arises from the advent of storage
class memory (SCM), such as spin-transfer-torque magneto-
resistive RAM (STT-MRAM) and phase change memory (PCM).
SCM has both memory and storage properties. SCM can store
data persistently while allowing random access. Moreover, the
power consumption of SCM is very low, which is an atiractive
feature for a low-power consumption system.

SCM has been utilized as a read cache owing to its write
endurance problem. Considering this, SCM's write endurance has
been improving continuously and several SCM lifetime

DISCUSSION

To ensure that the proposed DoS-DFS provides a similar or
better integrity level than that of DoS and the system without it,
integrity tests were performed. In this test, QEMU virtualization
software was used to emulate power failure without flushing any
dirty data from SCM to storage.

For the test, a | GB file was compressed and decompressed
Specifically, the system was turned off immediately after the
compression job was completed.

Then, a portion of the memory that is used as an SCM was
snapshot just after the compression process was completed, and
the contents of the SCM were restored after reboot. After turning
the system on again, the DoS and DoS-DFS performed the
recovery sequence and run the mmck tool to check the data
structure’s integrity. Finally, the decompress application was
exceuted, and the decompressed data was compared with the
original data using fhe diff utility.

Table 2 shows the results. The test was perfc d
100 times, and the average success ratio was reporied.
Conventional Linux only survived a power failure in 12 % of the
tests. This is because typical OSs have no such protection
mechanisms for power disasters and lose all dirty data that are not
yet synchronized.

However, DoS and DoS-DFS successfully restored all the dirty
data respectively within 96 % and 91 % of the test time. Because
of the inconsistency between the file system's metadata and the
collected dirty data, they occasionally experienced failure after
rebuot, and Do showed  slightly better success ratio beviuse i
small part of the dirty data was written back to the storage device
before the power failure occurred.

Table 2. Integrity check result.

paper, based as it is on experimental results that emulated relevant
systems, makes the following solid contributions:

1t proposes an HMM management scheme called DoS-DFS, in
which it stores all the dirty data on SCM and does not flush them
1o storage.

Performance evaluation results show that the system with
HMM provides up to 77.9 % better performance than @
conventional OS without it

This paper confirms that the proposed scheme cfficiently
survives a power failure and successfully restores dirty data that
are not synchronized yet in 91 % of the tests as compared to 12 %
for conventional DRAM-based systems.
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Underwater Acoustic Sensor Networks With
Cost Efficiency for Internet of Underwater Things

Yujae Song @,

Abstract—Despite 1] f Un-

Member, IEEE

derwater Things, a numbar of quu hinder its realization,
including the need for communication reliability and cost-
effectiveness. This article aims to optimize network de-
sign to implement cost-effective underwater acoustic sen-
sor networks (UASNs) with 3D topology while supporting
diverse communication quality of service (QoS) require-
ments. First, we present an analytical framework based on
a queueing system that evaluates rfor-

and below the water surface to occur in a timely and
effective manner [1]. UASNs can be used in a wide range of
mmumc and umlcrwalcr industries, such as ocean sampling,
data collection,
dl(a.s(nr prevention, distributed tactical surveillance, mine
reconnaissance, and assisted navigation [2], [3].

However, compared with terrestrial radio communications,

per
mances of UASNs, wherein each underwater sensor dis-
tributed within a 3D space under the sea surface performs
fountain code (FC)-based automatic repeat request (ARQ)
transmissions under the slotted-Aloha medi

acoustic using sound waves have
inevitable drawbacks due to the nature of the medium, such

as very available bandwidth, long propagation delay, and

trol protocol. Under the proposed we evaluate

highsignal Amunglhcm.wefocu:on

communication performances given in terms of luccenﬂul
FC- ARQ transmission probability and the average

f frequent issi acoustic
links. o solve this problem, rescarchers have wndumd several

studies that ais acoustic links, which

queueing delay of an sensor.
the performances, we formulate the service time of each
underwater sensor as a function of network parameters,
i.e., the density of data sink and amount of redundancy
for FC-based ARQ transmission, before solving a function
for accurate service time, such that each sensor can be
represented by an M/G/1 queue. Further, our analysis can

y
are largely classified into three calegories: based on automatic
repeat request (ARQ), based on forward error correction (FEC),
and based on the additional deployment of a data sink.

In the first approach, using ARQ [4]-[7], u receiver sends
an acknowledgement (ACK) packet to a transmitter to check

formulate an optimization problem that aims at
total cost Incunod to install and npoula 3D UASNSs, wlmuul

solve this problam. we propose a murxm algorithm m
approach an optimal solution in reasonable time. Numer-
ical evaluations demonstrate the validity of the proposed
algorithm.

Index Terms—Cost-efficiency, end-to-end delay, Internet
of Underwater Things (loUT), quality of service, reliable
transmission, underwater acoustic sensor network.

|. INTRODUCTION

ECENTLY, underwater acoustic sensor networks
(UASNSs) have received considerable attention from resea-
rch communities. This is because UASNs enable exploration
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givenas fy(v) = L.:_ which is obtained from [34].

Using the above equation, the PMF of the number of underwater
sensors associated with a data sink can be expressed as

Py(u) = / P(U = ufv)fu(v)dv
o

dv

T(u+5). (32)

Therefore, we can determine the average number of sensors
associated with a data sink as follows:

=EU] =Y uPu(u)=4.8;" 33)
=0
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Effects of External Pop-up Satellite Avrchival Tag (PSAT) Tagging Method
on Blood Indices and PSAT Attachment Efficiency of Yellowtail Seriola
quinqueradiata

Sung-Yong Oh* and Yu-Kyung Jeong

Marine Bio-Resources Research Unit. Korea Institure of Ocean Scisnce and Technology, Busan 49111, Kovea

This study aimed to determine the effect of the pop-up satellite archival tag (PSAT) tagging method on the blood
indices and PSAT attachment efficiency of yellowtail Seriols quinqueradiata (mean body weight 10.2 kg). Based
on tagging method, the fishes were divided in four different groups: untagged (control), single anchor (SA). dual
anchor (DA), and silicon wube (ST}, The blood indices and PSAT attachment efficiency were investigated on days
1, 14, and 28 after tagging PSAT on the muscle below the dorsal fin for cach fagging method m triplicates. Afier 28
days of tagging with PSAT. a significant increase was observed in plasma glucose level in the ST group and in total
protein level in the DA and ST groups. The levels of glucose, total protein, and total cholesterol im the SA group after
28 days of tagging wese significantly lower than in the control group. The efficiencies of PSAT attachment were 0%
in the SA and DA groups on 14 days post-tagging, and 66.7% in the ST group on 28 days post-tagging The study
results indicate that the proper PSAT tagzing method 1s the ST type. The mformation obtamed m this study presents
wvaluable data that provide the required PSAT operational tool for ndustrial and

of yellowtail.

Keywords: Yellowtail. Biologger, Physiological responses, Tagging method
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A Review: Marine Bio-logging of Animal Behaviour and Ocean

Environments
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Abstract

am

by

Hecent technologies have llowed msearchers

el hctrae s ok the e S-calid “Hio g (s b s sk, ey, o
snimak-borne semsors) has been widsly used t study marine animels that e dificult or burmans to observe. [n this study,
we (1 mview the types of sensors wsed, the animl tsxa stsfied, and the stsly areas in marine bio-logging publications from
1974 t0 7019 (2) intrdiuce the main topics in bebhavioural and enviroamental marine bio-logging studies: and (3) discuss
suggestions for future marine bio-logging studies. We expect that technological advances in new sensors will enhance the
ity of o ekioral el 2 ceanogapert 0 cxploe anml ey, ysclogy m mare enion-

ments. In addition,

e fo pplyng bio-logging echniques o broaderspcis.

e i accuracy with Jonger batery

Keywords Animal tkmetry - Hio-logging - Marine unimal - Marine ccosystern - Tagging

1 Intreduction

Howed 1

mass (Boehme et al. 1000; March et ul. 2020). With these
dvaniages, i gging echiges have boco ol and
wseful tool 0 study nce, ecalogy, occan-

devices attached o animals iv log data. The altachment of

ers o collect bebaviours! date from frec-ranging animals
in wild conditions, The 1echnique has been widely wed lo
study amimals (hat are Gifficult 1o observe, such &5 marine
species, measuring both mavernent information and physi-
ological characeristics, such us heart rale and brain waves
(Ropert-Coudest and Rory 1005, Wilmerset al. 2015 Hey-
len sl Nachisheim 20)18). 1t can also be applied to guther

sbout he animal’

ography, and zoology (Hussey et al. 015 Harcour ¢t ol
019)

There are multiple irms used Yo describe these remole
obscrvation systems for logging dta shout s animal’s
betaviour, physiology. or cavionment (see Table 1)
“Bintelemetry’ was originally wsed to describe the remote

‘mare G in sif
1980 and then. & new word, ‘bic-logging was suggesied
(Naito 20)4) and defined 2 “the use of miniaturised animal-

sich 2s the temperatures and conductivity of marine waler

1 Wam Younglee
wonyoungks @hoprike

Divisin of P i Seiences, Korea Poler Research
s Inchecn 21960, Repislic of Koy

Depwizen of Hikogical Sctences. Seoul Narional
Liiversty. Seoul 08826, Repoblc of Kaen
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attached tags for animal movement for
behariour ceology, and physiclogy” (Rukz end Hays 2009),
I dition,the terms ‘animal lemetry’” (Block et al. 2016)
nd *animal-borne instrument/devieslseasor’ (McMalon
et ol 3005 Jones et 2l 13) are oficn wed. Hemafir, we
will primarily us the ferm ‘bin-logeing* for these remole
‘observation systems throughoat the ket

Modern types of bio-logging were initiaied afier Kooy-
man (1965, when time-depth recording devices were wed
o Weddell seals (Lepenychutes weddefl) (W ilmers et al
2015). Bio-logging was funther applied to stuy emperor
peaguins {Kooyman et &l, 1971) and fur seals (Kooyman
ol 1976). Subsequently, logging duration capacity was

& tyringe

Marine Bio-logging Feview

CTD-Satellie Relayed Data Logger at SMRU, hitp/wiew.
smru s-sndrews e b research-echnology ), In addition, the

Barrionieva M, Ciancio ), Swinfurth A, Frore T {2020) Geolocation
stable ot indicale habits!segregation between sexes i
er disparsioa. | Avian Biol

bateery lfe is limied because the po mption for high
Tesaltion forces incredses i the size and weight of the battery
(Shaikh etal. 2019), Despite the current echnical imitations.
it could he effective in collecting information sbout marine
imveriebrates s 1 non-invasive approach.

12 Conclusion and Suggestion for Future
Studies.

As bio-Jogping lechniques deseloped, they becam: an increas-
ingly useful ol t study marine ecology and oceanograghy.
Bio-logging grants us insights inio marine animals which e
difficult access. However, current bio-logging devices are
still under development, with new sensors heing added and
improvements required for bader satslfts commumication

S2)07525. hupsoiorg/I0. 111 02325

Bengiscn L. Hil R. Hill S (1903) Using sailie tebeweiry 1o sy
the ocolozy and behayior of Antaretic seals. Kir § Polar Res
100115

vart S (A1) The oferved sezsenal cycle of submmescncale

proceses in the Anlsctic marginal
Oceans 125:220191CO1555T. hitpe/dol.org/ 0. 1029/ 191
colsse

e bt i
1B Rogoet . Bailioul F. Meredi Tremblay
. MedaB. ik Y. Rl S8, Bisdo N, Goevl 1.
Crosker D, Lavell, Nicholscn.J, Monks F, Fedak MA, (2007
Variations n bohus or and condition of & Southeen Ocean tsp
e dlor m eladion o insé ccasmopraphic condifions. P Nall
Acai Sc3 USA. 1041370513710 bt i o 10,107 pra.
iz

Biock BA, Hobrock CM, Simmoss SE Hollind KN, AuS. Costa
DF, Mz BR, Seitz AC. Amodst MID, Fayne IC (3 16) Toward
anasional for aquatic servations in

handhwidith, tigher location accuracy, longer battery fie, and
smaller logger size. Although current studies mainly focus on
Targe rammels and birds, in Future studies. sof inverizbrages,
such as squil and jellyfish, are expected fo be amenable o bio-
logging with the rapid growth of Lagging lechnology. Marine
skin 4150 has strong potenlial for uwse in marine species, with
its flexibile and thin logger shape. Assessing the hydrodynam-

fuid belp
device developers 1o reduce waler esistance and improve the
welfare of animals.

A present animal horne CTD dataseis have relatively low
precision and high ermor rates, compared o ship-bore CTD
datasets, hecause of their miniaturised size and wesidual noise
(Roguet et al. 2017). Calibration algorithms 10 minimise error
rates and the lag time hetween the temperature sensor and
saliity semsor datz would he necassary Lo inerease their acou-
nacy for evalualing physical ocean environments. Allbough
therissue of precision in animal-borne CTD cannot he easily
solved, we expect resolulion and accaracy to improve with
the progress of technology, and tht this will exend access to
extreme hahitats, including polar dceans, allowing research-
ers to.explore the hidden ocean under the thick ice. This will
provide more information to study giobal issues, such as chi-
mak: change and seq-level rse. by measuring physical oceana-
graphic conditions.
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Herein, hmhm systems with pr Fully

Haifmia plitirrs, Wit by s il spplithion o captive Barbur ssals <us; Remotely

eaptured sutput de via Bluetooth

and seliably rrcorded on the basks of b i with

it geaphic s sntertase: (GUT), Dutiest velnges, sntsiaprling bs typical hubiavises o the captive
HS, such as stopping (A), nolling (B), Mapping (C), and sliding (D). ane clearly sbtsined, and their
analytical inbeprelation on captused electrical sgnals ane Fully validated via & comparisen study
ot Ko 5. R e 5, Wit Somsecutively capluned images for sach mwhion of the HS. Thus, the buologging system with
S i T A Tome cost and Tight weight, which i Fully compatible with & conventional smartphone, is expectsd to
Reccopitin o Maieg Tt e PORUiAL conteibute toward futuse anthelogy of seal animaks
Captive Hasbie Suae Ly s
St Fetes Sy via Bhatosdts Reywords: blogging =y capturing;
Conmmpcation Mizmakenes 2001,
1, 267 bt s g 12907

stper
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1. Introduction
Aol Bl
In the recent past, animal telemetry has been dmm.lhml)y developed [1-3] and its im-
'L"“'“"‘“:"‘"""’ portanas in terms of key v toward
. mia ‘marine ficheries and living resources. oeics lcdmulug:ml advances which render

s e susmilnsensing poeaile (o el b sk shecls s oo shopeony seion

ot 2% bmary 203 mammals, reptiles, and seabinds hnvc!rmslgmﬁmnﬂvu:pdl!yd [4-15], leading to prefer
Poblibast 4 Mamih it able accumulation of high-quality bsulor,‘mal isal b

during commute through habitats. From this 5 a
Pibllabar's Note: MDPLitws etr 0P fCHOT i the of an in-depth of biclogical /|
it gl b fisbaietional ehaer iy ing to body . heart rate, blood or tissue oxygen satura-

e ot ettt 10, Eaiibet, sound, etc., and coeanographic varisbles such as pressure, light, temperature,
salinity, and pesition, and biology [16]

Thus, with respect to biologging, multipke types of sensors have been applied to

various animal taxa from insects to birds and mammals, and the number of papers on

fod over 102014 [17], Recent technig
™ . miniaturizing the multiple sensors to a mass of 1-2 g such that even small-sized flying
it Sy fois, bt can e e o ln oflight miecuty, R
e e e e and 1151 . for behavioral studiss, acsleration pro-
distrbied ks e looms and vides fi movement at a esolution
i e e e i Th rovies e iy prcsra ey cxprnditne, which s
Nocttios (£ 0 e Sy it in previons feld studies. Thus, itesp m

ot socord swi when underwan by them
i intos detailed movernants [20].

Micranachines 2021, 12, 367, bitpe / /dai.org/10.3350) il 2000267 ettpe ¢ vewve aniip com ol mirormachins

126616

0f 7:74 + 2.4 b, which enabiles to garantoe proper Spdenton nft}\rbnn!uggmg system.

Moreover, th ignals and their.

tnfarmatiom an the behaviors of the captive 1S, surj assmppmg, alling, Aapping, and

sliding motions, Detatled g lated v and habit-

ual motion can be subsequently intorpretod wi ﬁhah(ghhdnfaccumv through wal time

data reconded during the motion, The presented low-cost, easily detachable biologging

systems can p.mmmm be utilined for future research oppartunities such 3 the culturing

and early d i discase animals. , FDMS

can be effectively uhme:i for the reliable dotection of signals when exposed to sawater
As one of practical applications, mmntzlj accessible data capturing for the wild

(oF captive) sea animals, moni signal detection during physical
surgery, which might be necessary. rm the monitoring respiratory rate (RR), Blustooth
based monitoring will be one of p o addross diving responss during
the sungory operation. Currently, most of physalogical monitored via wired
ekectronic ¢shem as the Patient System, GE Health Care Inc. Thus,
with the help of the current platforms with Bluetooth J;‘pk:ahrm complicated wired
connection will be relieved via reliable Bluetooth s, In additic

if the experimental environment was in the wild rather than e s 200, a LoRa ar
Cat. M1 device will be adopted for a better data transmission environment. In parallel
the pressun: sensors and their hybrid sensors including lah-miade epidermal serors can

the capability of bi ith ende-division multiple
e (CEMEAY hisnt comririumiesiticer e scliesitngs srithia sveiol Tnsnedodhs of Lo
range. This kind of system with Cat. M1 will be fested in wild animals attached with
the bic-logging systems with nuently developed skills in the group. Thus, the newly
developed platform can enhance the limitation on detectable range; as compared with that
of Bluctooth 1 More PBAS (Python Based Algorithm
Softwars) was developed in this study and basic motion behaviors were evaluated, leading
to automatic detection from remotely extracted data from bio-logging system. Moreoves

additional data samples al to improve ity of the developed algorithm,
Therefore, the adeption of a platform that enables to accumulate a lot of data to wild
animals is planned, followed by ing this issue in an ty. In the

future study, this pressure-based approach should be compared with the commonly used
inertial and
Thuss, this platfirm is exprcied to be benoficial in the field of etholigy fir an understanding
of animal behaviors and their prediction during mating and spaw ning seasons

Materials: The B ilable cinline ut hisps / /v ndptcom)/ 2072
I Videns S1.: HS moving mpd-

© K. and SHI; K. and S HL]; validation,

foemal s, S and WYL invs ion. WYL and S.1; WYL;

data cutation, SK_and dratt SHLL,SK and WYL; aview and

11
edibibg, SHL and WY.L wuu.llmtmu SG.8; supenvison, SH and WYL project admimastration,
SILL and WY.L ; funding scquistion, WY.L All authors have nesd nd agaed 1 the published
wersion of the manuscript
Funding: Thas wodk: by FE20110 and
PNTOT0 and the Nistional Research Foundation of Koma (NIF) Riaded by the Karea govecament
(MSIT) under Grant 2119MIASATI02275,
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