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Abstract A biologging that enables the acquisition of large-scale behavioral and environmental data is
a technology that attaches a logger to the target species to collect the required data. However, to
acquire long-term data, it is essential to reduce the weight and power consumption of the logger. This
paper proposed a hybrid battery system-based PSAT (Pop-up Satellite Archival Tag) fish biologger. The
proposed system selectively uses either a sea-water or a lithium-ion battery depending on the logger's
operation mode. We first analyzed the power usage pattern of a biologger to change the power source
efficiently. We then proposed a circuit in which the power source is instantly changed without any
power cut and according to the power consumption threshold. The proposed circuit for a biologger was
implemented with a sea-water battery and a lithium-ion battery and was verified using a simple test
code. We then measured the system's power consumption and confirmed that the proposed system could
provide the same lifetime with only about 84.2% lesser lithium-ion battery capacity. We also have shown

that the minimization of the size of the watertight space can reduce the weight of the entire system.
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Fig. 1. Power consumption pattern of conventional
bio-logger
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Fig. 2. Concept of hybrid battery bio-logger
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Fig. 3. Circuit diagram of autoswitching power
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Fig. 4. Hybrid battery bio-logger prototype
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Algorithm 1 Pseudo code of testing tool

1: procedure TESTING_BIOLOGGER

2: LIB ENABLE
3: Test_Value « -333
4: CHECK_VALUE—-333
5:  while True do
6: Test Value < 777
T CHECK_VALUE—777
8: FUNCTION_ENABLE
9: Sensing()
10: Send_data()
11: FUNCTION_DISABLE
12: LIB_DISABLE
13: Sleep(10)
14: Wake_up()
15: LIB_ENABLE
16:  end while

17: end procedure

Fig. 5. Test Program
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Fig. 6. Result of power consumption test (left: SWB, right: LIB)

B A2 B vl 92 AY ALt THs it
ologAY FAG) et Hg ofel Aoke] EAst
2, woloRA0] Aushe Tt ole] 43

oloss 4ge 7FsA ek
S, sfolHel= wiEel e voloRAY HEH
AL e A B glo] B ARt ol A 3
9 o] ghmslolof Stk Hlolo AL £Y-B
o Wt 54 B4 M YoUR, 21 el
& 9l 9ANE Holdd 2ol

st )7 A8
2 "2 dY 3aes WAsks g9t FHo of

1
.

873

9 29X (power switch)Z g
T@o] 7Fssitt

Fig. 32 o9 2917 FzTolrh. whg] A4
A2 dHolz Fdsk= AS AYd A% =7 A
Ho] HAstERE WA AXE AMESte] AFs 2913
Y (auto-switching power) 3|25 FHs513ct. A
A9 AY 32 FET(Field Effect Transistor) W+
o] tho] R g} 99| HE7] tho] QO] HRf B
Argste] AojEtt. FET switch(Q5)7F OFF | 321
A(2.8V)ZFE FET(Q4)= Bdto] ol IF=H,

sEY ¥4 =Y

27
A%



SHEARSH| &38| =2 A A2238 Al11%, 2021

FET switch(Q5)7F ON°| =¥ FET(Q4) A¥ 35 %
Fol W tole=g HiFA Hot. ojnf, M7t W2
FQIE FET W5 tho] LEZ} 11gFo] =R Zoff Atk
=1 A9t =2 ol HiEZERE AETE B9
of Zgo] FFHr.

Fig. 4% dto]HE|= HiE| 2] 7|5t o] F-& Hio] Q2 A
DR EEYolrt. TEERYS AF PCBY} 517 PCBE
FE=]o] 9tk 3 PCBE Hlo|o 249 A 75
5, B2 A%t MCU, 58742 Tols) 543
7] 913t Wet/Dry MM, 4l melstr] {1t 42Al
A, d&, 9EZ 7|5to R AE motsbr] gt 2EAl

A, 2490 Tokslr] et o]z 9% ALK, e
2 T PHBAS g el maEny Ap

PCBE 2}l WEle)t X3slo], vlo] 222 dol
B 53 21 974 4 BaK| doleg PCR 25F
o :

)

R

=0

Slo]BE|E HjE g 7]¥t Hlo] A2
o Fig. 5¢} Zo] &= HAE FEE
FAHCE, HoleEA RY A Hmo EXsh=
Test_Value W59 Zk& 333°0&% 2713t ¥ &5},
OHA] 3k 7772 WA45H, 10 5%t €98 HE AHE
TG = &5 HER EAgE &5 HER B o|F
W 2 ZRIgo 24 sisuliEe] 2R &9 HE
FA Al 81EE A9 Y F5 /FE Qg =
AE FE 58 A} Test_Value #o] 7772 FA=EE
A& FRIsH3lt). ol As A9 A I2E Fof vt
o| Q&AL Mg Q7| wg} slo] B HjE AlA
Ho] AeS 4 §lol Hkstn 28 7Fs3kE QJuigith
Sto|BE|E #ijE g 7|9t Hlo] Q 2 A0] FFATE 28 7}
‘& AFTH7] Slof Hiel 2 A 9] AA| wiEE] AR
S5t Fig. 69] &2 sfiguiee] 9] A
AW, QEXRZ FEol2 HiHY HY AugE
Yehdith, A8 AR gA metd & Y= HolH

22 7HAL 1022 AR5yt sisuige 2L
2
&

54 4
=z

_%J_]
o

_O|Lo
9,

2l
B

oA BH174.5uAh(172-177pAh), 5 &
ZojAle 1pAh olete] M AMgohe 2R E3E
k. gEel2 HiEHE SHREAA B 37.5uAh
(31-44pAh), s ZTol= Bt 16.5mAh(16-17mAh)
9] MY AgoHE AoE SHES

874

2ol wiEe] 7]ute] 71 ol o Aot 45 vl
= 98} 7123} YT 1550mAh 2] 2}Eole v
29} 1032mAh 8] A AHg3te] UL
e G5 BE T Alo]2o] B AZEE

Ay

)

h==1
=5
=23t

°F 883ms= SYEIUOH, 3ol A AT v} o]
dolg 44 142 Agoks A9 B BE 545

= A oFRE AA 2% ulgtojARt B =RoA=
A4 BA AIZE 9 F okl RS T1Esto sk 20%
2 AAsloitt. wetd, gEol wiEEE 1563.44,
ML 246.599] 7| Z=th ARKE HiolQ
EAE IR o] it A% gl HiE =T
40| 7heole s AAESITE whehA, A Hiole
249 7|t $HL F 469.2UF 296.6¥9] 7|t 4=
= ZH= 71& vl REA tiH] 172.69 St § F&o]
7hsst.
sto]E 2= wjElg] 7]5t vio] Q2 A 9] 7St 743
AEs] Yol WY A2nFe APt &9 AH
AA T2+ A7) oF 99.98%0|H, o] AFREH= A

422 A9 oF 98.23%0] Gt E E=FofA
R85t QA0 19l 246,59 71Z2 2 Wi &
TAgoHe A9 71E ] oF 84.2%2] &l Bf
Haj9l &5 vt 7hssi

o Hiol L BAE= tiifolFel A R sto] HolF
£ A5 wjiZo|| Hlo] QB AE A7 thifoiFol &
EYAZ Q5| AFgsks A9t DSt wEkA], B2
AG-E0] olE HA5] Yol 5= wiA AR FA
= AELFY 5% @A gotof gt FokZ E5%iTh
[9-11]. AlIFH Hlo|e2A+= AA FA 40g F 3282
Aok 2lEol HiE Zlet U AR FAE 26.9g
£ 5 9oy 6g9 FIMA BAL FtEHEZR F
20.9g9] FA a7t 7hsstet. wEbd, &% olFdk
F2o| 7hse AL 7o

1%l o

>~

%

o
=

4.

y

g

dlole AL AT 29 HER A5, AT
2712 Ao} SAIZE F5 HECA] HlolEE S3shs
54 B4S Bolth e, @ A7 59 1EY a7
2AS WEAY 5 U v ele g ARE B 42
RTEAL WEAZD 5 U wiEeR ol uel= He
TASHE 49 vloloR A0l HRA AV
28o] FRsstet.



sloluel ujee] A27 79 olf uole.zA

£ =RolA vl @AY 27 Mol nret s
siEel soldt ejfole weele AHgoz g3
L soluels wee ALd sl ofF vlolomAS
AU A Hlolo AL 2ol e/slulE e
1Y gRos Agsn], 1849 1 TR ws
2 919} vlolozA 2] A ALg TS Bl £Y-
259 Bed 54 542 verstgon AY 4n 9
AR wret A FHAL VAT 5 Uk AF 297
A9 528 TEAT. HAE S5 B9 Aok
olezAQ B4 FAL Azsgion, 22 1ol @

Ashs el wiE2S] 832 71 vl °F 84.2%

References

[1] Frolicher, T.L., Fischer, E.M., and Gruber, N., “Marine
heatwaves under global warming,” Nature 560, 360~
364, Aug. 2018,

DOI: https://doi.org/10.1038/s41586-018-0383-9

[2] Block, B. A., Dewar, H., Farwell, C., and Prince, E. D.,
‘A new satellite technology for tracking the
movements of Atlantic bluefin tuna”, Proceedings of
the National Academy of Sciences, 95(16), 93849389,
Sep. 1998.

DOI: https://doi.org/10.1073/pnas.95.16.9384

[3] Block, B. A., “Physiological ecology in the 21st
century: advancements in biologging science” /Integr.
Compar. Biol., 45(2), 305-320, Apr. 2005.

DOI: https://doi.org/10.1093/icb/45.2.305

[4] Kim, Hyojin et al., “Metal-free hybrid seawater fuel
cell with an ether-based electrolyte’, Journal of
Materials Chemistry A, 2(46) 10584-19588. Dec. 2014.
DO https://doi.org/10.1039/C4TA04937C

[5] Kim, Youngjin et al., “High-Capacity Anode Materials
for Sodium-lon Batteries”, Chemistry A European
Journal, 20(38), 11980-11992, Aug. 2014.

DOI: https://doi.org/10.1002/chem.201402511

[6] Kim, Jae-Kwang et al.,, ‘Rechargeable Seawater
Battery and Its Electrochemical ~Mechanism”,
ChemElectroChem, 2(3), 328-332, Nov. 2015.

DOI: https://doi.org/10.1002/celc.201402344

[71 S. Koo et al, "Sea-water Battery for Maritime
Applications', Global Oceans 2020: Singapore — U.S.
Gulf Coast, pp. 1-4, Oct. 2020.

DOI: https://doi.org/10.1109/IEEECONF38699.2020.9389130

[8] Musyl, M. K. et al., “Performance of pop-up satellite
archival tags’, Marine Ecology Progress Series, Vol.

875

433, pp. 1-28, Jul. 2011.
DOL: https://doi.org/10.3354/meps09202

[91 Murray, D. L. and Fuller, M. R. (2000). A critical
review of the effects of marking on the biology of
vertebrates. In Research Techniques in Animal
Ecology: Controversies and Consequences (ed. L.
Boitani and T. Fuller)) pp. 15-64. New York:
Columbia University Press.

[10] Horning, M. et al., “Best practice recommendations
for the use of fully implanted telemetry devices in
pinnipeds”, Anim Biotelemetry, 5(13), Jun. 2017.
DOI: https://doi.org/10.1186/s40317-017-0128-9

[11] Josef Virens and Alison Cree, ‘Further miniaturisation
of the Thermochron iButton to create a thermal
bio-logger weighing 0.3 g", Journal of Experimental
Biology, 221(11): jeb176354, Jan. 2018.

DOL: https://doi.org/10.1242/ieb.176354

T 4 2I(Sungmin Koo) (=59

- 20184 89 : UEThetE sk
AFET3E (FEHAAD

+ 20199 29 ~ @4 @ KMOU-
OST school s sfofa}sty|
S-St (EAH)

EAED

FAA, ALHAELE

8 & TH(Seungjae Baek)

- 200749 29 :
o] A

+ 20109 29 : S=tig HHH
SHZ3HEAD

+ 20114 69 : @IEUO|(HIA A3

+ 20139 99 : Univ' of Pitt
Post- doc.

+ 20169 29 : =gt RuS

+ 20169 79 ~ @A : =g ed AAA+d

et AR

(FAEop
SAHA, AETRA] AAH AAEAIE 0]



A7 &5tE =R A A229 A11%, 2021

4 Si(Hyoun Kang) (%452
+ 20129 8¢ : w=ujigty thed
A g (FeHAAD
< 20144 5¢¥ ~ @A : ot
e A3
TR

gt ot 3(Ah Hyun Park) (M3
+ 20119 29 AEHSL BHEA|

stehgat (%’—Jﬁ*})
+ 20159 8¢ : AEGstE WIEA]

siehge (42—3 HEAR)

O

+ 20199 59 ~ 20214 49 : 3=+
71AATE I+

+ 2021¥ 5¢¥ ~ @4 : @dolE&
24 AdATY

876



