J. Korean Soc. Oceanogr. Vol.28, No.1, pp.51-61, 2023 FREE ACCESS

https://doi.org/10.7850/jks0.2023.28.1.051
Review pISSN : 1226-2978 eISSN : 2671-8820

U2 HESTEAD|(PIES)S HRS sliRIZ0| Sfet MY

Present and Prospect of Ocean Observation Using
Pressure-recording Inverted Echo Sounder (PIES)

CHANHYUNG JEON"™, KANG-NYEONG LEE?, HAJIN SONG?, JEONG-YEOB CHAE? AND JAE-HUN PARK?

! Assistant Professor, Department of Oceanography and Marine Research Institute, Pusan National University, Busan 46241, Korea
2Graduate Student, Department of Ocean Sciences, Inha University, Incheon 22212, Korea

3Professor, Department of Ocean Sciences, Inha University, Incheon 22212, Korea

*Corresponding author: jeonc@pusan.ac.kr
Editor Hanna Na
Received 14 December 2022; Revised 27 January 2023; Accepted 31 January 2023

ABSTRACT

F2 woolA A Huprt 7hsstl 4 53, a5 24 2R, % T, 15 574 5 thlHolA siddSe] g2 AREE

Ut E = Ro A A AR EH Q] dE S H -2 FE47](Pressure-recording Inverted Echo Sounder, PIES) S &-8-5}¢]
Z 7hsRt = @GR, S 8=, WRal, sfA =L 5o s Aegtet. ool A PIESTH] 24 glo] 5=
83t HA A= 851, AHs 4R3I ¥ FH(Pop-up Data Shuttle, PDS)E E-8-t 2|412] 914 AHs AR SS9 S A7l
FF AR 7 () EA 94 AR RS EHS HEh
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Sound can travel a long distance in the ocean; hence, acoustic instruments have been widely used for ocean observations in various
fields such as bathymetric survey, object detection, underwater communication, and current measurements. Herein we introduce a
pressure-recording inverted echo sounder (PIES) which is one of the most powerful instruments, moored at seafloor for ocean
observation in physical oceanography. The PIES can measure various kinds of oceanic phenomena (currents, mesoscale eddies,
internal waves, and sea surface height variabilities) and support acoustic telemetry and pop-up data shuttle (PDS) system for remote
data acquisition. In this paper, we review uses of PIES and describe present and prospective system of PIES including remote data
acquisition toward (quasi) real-time data recovery.
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1. A=A 4 25k=MT|(Pressure-recording Inverted Echo Sounder, PIES)

48] 32F5417](echo sounder)= 414 SHFll A2t 28F M€ |(acoustic transducer) A HARE 27} SiAH-S
S AE7EA] Elgoteas GEARS AR 2 fhiteto] ils obiitt. vl 2EotlsiEstoll A ZiE A e dSA
7](inverted echo sounder):= 418}l 321 S3F541719F Ael= S AoHARE, &3 7|7} oA Hol| AlFE A s

ol T YA AEF SRS = 1, o,
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recording Inverted Echo Sounder, ©]5} PIESZ A1&)2} PIESOf| TH-5A14E 26to] S|A1H 50 m A=9] 5452 57
2 I=ES 4 Qe Sl dEEA A e-33F=417](Current-and-Pressure-recording Inverted Echo Sounder, ©|5F CPIESZ
Ag) 71 de] 2~0]11 9tk Kennelly et al., 2007).

PIESE a4 H-alleH 7F GE-2FATA I 7)) S-S S7d3ItHKennelly ef al., 2007). PIESE 75 Al
24~96H712] AFHEFZ(burst sampling) (T 1050} 1622} 18% 7HH 02 HZolrt 4~168 BE-S FE3)
EQ)E=el e 2151, 7 9] U E=0.05 milisecond (ms)©|tt. 7 & Aok 5215 (sound speed)+ G~ GHO
F& ek L, EiE, dEo] =2 s s e e AL 1L AW ¢ = Ao o] =gk S-S o5t Sl St
I A8-=o], Uit -5 sfore] vttt 2214 @742 5T 4 Slrk PIESY] o298 S7oll= Paroscientific Digiquartz
model 410K-101414](Paroscientific, Inc., Redmond Washington)7} 20|31 ] 0 ™ 43I =0.001 dbaro|tt. SiAYE =
7 AL 102~1 A7 Aol A 278 4 Q1AL 24 ofu) vigt Foll olRt sflofe] =9 s d& W= 4~ AtH(Park and
Watts, 2005, 2006b; Na et al., 2012, 2016; Zheng et al., 2020).

PIESE= 44 500~6700 m Yol A A& 7Fsskal 2o sA7HA] A45384E2 S 4= *Ith(Donohue et al., 2010). =
§F 9 © &7 Al{HEA] A8 (tall mooring)©ll B a3t 4~ wlE] Aol o] AlFAo] B askA| ghot ARt 24 2]
J35] Bolatth(Fig. 1(b)). ol2iet A7 02 PIESE ASIE 2 F9E sliofollx o, St 4850, viial, sH
H3} S35 et ol o] EE| A4 WSl -85 31(Sun and Watts, 2001; Watts et al., 2001b; Book et al.,
2002; Zhu et al., 2003; Park et al., 2005; Park et al., 2008; Andres et al., 2008; Donohue et al., 2010; Jeon et al., 2018),
FZofl= ot Hlste] Ak whi= Ik 7R S8 o] &1l tH Andres ef al., 2015; Jeon et al.,
2021). & 2ol A= PIESE EH83) sfofa=o] tsf 547}—1011%5'_ PIES ¥52t= 97 53 o] del ok Ao
ool A&t
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Fig. 1. (@) Concept of acoustic travel time measurements using PIES (Pressure-recording Inverted Echo Sounder). (b)
Deployment of CPIES from a research vessel ISABU in October 2022.
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2. PIES 22 skt

2.1 37, S £8E0|, LTt
T -2} A Hske] ks =t ZHE 4 Z9% oAl s 420 v st AuiAR] S o, T E
of5-0] A2z ehibel 4= Qltt Fig. 29 AAIEL 1 & 42285 A2l (m) = etet 3o & 5ol 9 da-=sfioll A &
S5 AR AR Aol9] A¥(Fig. 2(a) B HIAB(Fig. 2(b)) WHTFe] §5/4d-S Hojwr). o]2fsh ©57](high
frequency)@/d 2ol ¥l H(array) 455 Fol S &80 slFdS meled 4= QI Fig. 3ollk= 42288 7o)<
374 21olE Foll B ol -2 52A12] PIES HlE(PIES array)ollA TS5 d A-8-=0|8 HolErt. Fig. 3(a)olli] S4F
7h& 5ol ARt A 485019t Fig. 3(b)ollA] &5 BAZE A=]eh i 485015 1T 4= Qlrt. PIESO] -+
SAIX7 F7FE CPIESE E-85HH 2|37 Allgk(absolute geostrophic current) A 7F5 S Watts et al., 2001b). ©]
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(a) Interface displacements in the East Sea
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Fig. 2. Timeseries of vertical displacement of thermocline converted from PIES-measured acoustic travel time (1). (a) Linear
internal waves observed in the East Sea. (b) Nonlinear internal waves observed in the South China Sea.
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Fig. 3. Lunar monthly maps of mean 5°C depth (a) 402.5-432 and (b) 609-638.5 days. Contour intervals are 20 m. Dates are days
since 00 hour UTC 1st January 1999. Solid triangles indicate PIES array (modified from Park and Watts, 2006a).
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Fig. 4. Constructed temperature fields using multi-index GEM technique which includes sea surface temperature (modified
from Park et al, 2005). The color bar shows temperature (°C).

of| tisted PIES HiE 52 ¢
(o], WHoh}t S5 A-8-=oL} 172 Ao 2-8e.g., Park and Watts, 2006a; Park ef al., 2010) 12|11 S5F5
o} sllFo] oA AHE 4= Qlthe.g., Na et al., 2014; Zhao et al., 2020).

Sfqoll A pAIES] T2 | R E 7] MiEAde 7 B5E 5 oA EEr] = Ed
4

8501

2242 Y g2 HAnz
e, A, YIS ST A% BYVEAR hydrocastyS 0] §510] S5-9] AR TR} 1 o BALS e H R A

2] ARFZ A7 7]%(Gravest Empirical Mode technique, GEM technique)©] 7HE =] o] QITH Watts et al., 2001a). PIES®]]
AN S ol A A AR AH7 &S A8otH 13 2 F HE ARG E ARET 4 ik A 24
AR A7 e A2 USRI RS At AAAx 4EE0] 7slA]7] w2l CTD, Argo 5 94 &
JUEAET LSRR ol HollA b B f-85ltt R 2 E dE T EE E7] flske] s R E SR A Eshe
A3 4384 24 A2 E A7 7]1<(Multi-index GEM technique) = 7HE =]} QItk(Fig. 4)(Park er al., 2005). o]t
ZdAA 24 A 274712 PIES HiE Al=ol E-85PH 22 (A Bo] A S U e Rk e 2 HAA =74
£ 32H) 9] 2 B A2] thH(vertical section)= &2 4= 111, A7 whE THH O] =2 1l HO| HSLE & 4= 9tk

2.3 PIES & SHTH N Ho} 12 B 9435 S Tol Hlw
TE FE L5k wsjo] vl & T ]
(dynamic height)©] #1519} 7 o] AL HS 4 917 PIESOIA 249 2 o]
SAStEIZol ST ZFlAl s Qreiel, % 4-%0] Meksmass-loading)7} 71 Z-EIck, nebd PIES®] T o a4t
2 Zr2 o]-gsto] H a3t § ¥i(steric effect) 2t 23} ¥ mass-loading effect)ol] 2]t S H I = HSFE Alrer 4= Qlct
(Fig. 5) (Park ef al., 2012; Donohue et al., 2016; Jeon et al., 2018).
AN ES WSS Q2 A H A s PRt 7715 SHA USSRttt 19929 WHE A7 227

TE oF 10¥ F7|2 H=E5R= JasonAlG(TOPEX/POSEIDON, Jason-1, -2, -3)¥ F 359 F7]2] ERS/Envisat Al¥
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Fig. 5. Schematic of sea surface height measurement from satellite altimetry and PIES. PIES-derived sea surface height can be
divided into steric and mass-loading components.

(ERS-1, -2, Envisat, Saral/Altika)7} 137, 1 €] 17¥ 37]19] Geosat follow on, 294 F719] Cryosat-2, 14 F7]9]
HaiYang-2A = Jason} ERS/EnvisatA| g 2] A=t A2 & & A3 E A=E U4 2~1097E A 153 43 Eﬁ}‘ﬁﬂl%
A 4=3¥sal ItH Along-track Level-2+ (L2P), SLA Product Handbook, 2017). ©]2{3F ¢48= siH I A= <A
712 AE5UES TFSIARE 55 = s ol = Rl widat At gkt BlelA qlrk(Fig. 5).

PIES #=At=of th7]¢fol oJet sl4=AR-5{(Inverted barometric response) St 914 SIHII AL E o] 2-8%]= S5t
2] 7] 2A(Dynamic Atmospheric Correction)= 2-851H PIESO|A| A3t sH I} QA= slHI 0] 2|4
7} 7Fs5H K e.g., Park et al., 2012; Donohue et al., 2016; Jeon et al., 2018; Hwang et al., 2021). B-20] PIESO||A] AF=3H
S = AR THA 2 AFEo] 7hssto] PSS (XA oF 109) Bt AR o &= FHsh| ulwe] 91ddS
A2 O] SHA| mhetof] 8851t Park er al.(2012)-S F2A].Q 84 (Kuroshio Extension)©l|4] PIES AF& 256 A
S S 2} H’?‘Jt}é SRS H|Wsto] 209 ofste] ©7] WE g0 2 7ol VTS s A& of| @2F
(error)7F A = Q152 H oI A1, Jeon er al.(2018)-> Aol AE]H ol M= 1= "S(along-track) 2] SHH I A= H
‘:]' o S 2doto] At = Az} s H =2t =7 0] Ad5o] o 2|9 10 em ©/d2] & @& hump artifact error)”} 5

TR0 S S AR B of S| EAfSHE 2 ERISISIT o] o] PIESOlA AFERt sl of 9=

OH“%J—F-—“ H|w5lo] QY8 U A=) 452 = SRl 4 ik

r+

orl

RISkl oA

2.4 71 2| PIES &£ sljdzk=

oA g3 A Qo PIESE 28510 slloF2] &8 E= A=l ot @42 A E = Zlo] 7hsslth -4 A st
(mass-loading) & S5k AU HIS o8t F2A|Q 72| AFY(Kuroshio large-meandering) (Nagano et al.,
2018; Nagano ef al., 2021) 77} o] v} i}, Tk s f el sirwhs whadshr] wlzell =789 bﬂﬂ‘g S 5
Q= 215913 GRACE (Gravity Recovery and Climate Experiment)At& 2} H| 1 W AZof] E-8-5]7| &= St THPark ef al.,
2008).
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(Watts et al., 2006). oli5=H LA of] EAoh= s}, ®AE, o T3t 7 of] J3F& = o] sl 24 9] EAh= S Al
(acoustic scattering)®ll FF= T & W71, oI5 Foll D=2 FAL} os S5 S5t Andres ef dl.,

2015).

3. PIES ©Z A= #A 2lSA 2| 2ilie} Oj2y

A TS7HIoIA S gk E5o1] 918 Hoeo] Wil A 55 51t dH] 2l A TR R gt o e
&4 glo] YA AmE P50k= 7P et o | x]T, IS 2lpokA] obH BEAtE JA] gs] E5Td e gl
A AR HIE- &4 o] Bitfisiet. Rt -5 A AE BES BuE I A 9oll= AHIE Slaestr et Afm g 5at A
AT -2 v, AR, ¢1=o] @7 FTh

A5l SiA ol A== PIES &= of e AR 2 nib7 A & fE2ts 8152 ffaliA= dH] 9] 357t Ba-o] ARk, 2]
57 ER e PSR eAE BT AR IETHE Qlet. & Folx= ] 3rglo] 23Fe B8]t 15219 PIES
HE2te dEE ) 2 e A4 245 24244 B F-H(Pop-up Data Shuttle, ©]5} PDS)E 2+-83t 94 212 315
W 9 ool A 4l 45 APARIE 271’ vEe] 3% 7|tiE= 5 Steld, uig S2efold, FRITSA],
SREaLA S T 2utd2(Ice-Tethered Profiler, ITP), Z12] 1L BF AR HSA| 2B S 97 E-89t FAHARE B AARE A4 2}

[e}
2SS el g BiEelct

3.1 $3SUENS B3 PIES AR UAES
PIES+= 2 B85 AT AudSA I A]RE 28501 QlojA] S3F W5 25 ATHRS o[- 8-6PH 1A= PIES S}
A ATERS PIES AlFAIR ol AZIA1710L AdHFe] 23k ¥gh7 | of| 4] PIES & 8 ©)(acoustic command) S
AEsHA PIESE ¢ A1SE 415101 o] 33F 4195 AH = Helsto] PSAta 50 7Fssitho] e 23 942
F75 M (acoustic telemetry)© ]2t F-2}) (Kennelly ef al., 2007). PIES+ Z|tff 51T sf|A A AlRH 2 H=S =4

oA S AAR= SRS E8olo] YA 05 AmE D55 T A} 25104 PIES+= d585-5 435t

AR Hlolelgt SIEE 4 glojA] FIeis B)g; ARk, Qleto] 27| ZofEd,

R

%
ot
=

b

g

=% YAAEIEHS 5ol lrEhe A== PIES O] B9 ©, siAYUE, U5 ARoIAL, 5417 57 H CPIES 9
Fole 5 el F7HH. = TYWEE(median filter)7F 218 19 HA 2=, s -t mE At
-5 BE(low-pass filter)7} 2-8-5]0] 240] AIAH 1Y 7HA 2m7F Foih. 9EA 27f 27lgh viet Zo] =2 A=t
BAEH

=] BEE AR RY G2, F R AGEo0] 20 W QETLZ Sjol v sk Al H 7o ZEaith oo ¢
gl 2-8of o2 Aol vl-g- 4 Q= thgolat o 4= 9l

>~

o
=
ARASES B ARIS ] Aol Bpoka 21 A

ih)

3.2 245 2w
2| 7 PDS= AER-8-2 HIERE Uithel vl )12 0] F9] §lo] A A= 5-E flof dE A= A% 9
2}z A4 7] o|thFig. 6, PIES 9ol 2| b 231) PDSEPIES (F= CPIES) 2t 55004 A4 BAIG 4= Qe 2
AA|E]o] J=d] PIES (E+= CPIES)ol4 PDSZ 2] tHlgK one way) B41(54) Tt 7155t Popeye Data Shuttle User’s

Manual, 2021). PDS+= Al Z422] PDS | sl 543 4782 A4S 4= AL, AlF $ ZH2E0] PDS+=PIES HIoJElE 4=

ok

To SE(PDS)E 223t PIES BHAAIE U2 AISUS



AR 9/ FEEA ASFEA7|PIES) S E-85t o= A A9 « 57

S
A ETH AR o= 1
QItHJeon et al., 2021).
PDSE &85 94 A A= 5 2t
AR ASH ET} -ojr}. PDS 2] &-8-2 71/dets], =2 nig, sfiyo|ut B4t S 22
Q10 2RE A{EI, 52 F AN A Y 5 = - (noise) A= 2G-ETE 23 YA EASH -8 Al A
AZo) A2 9 -85= g o] WA §1aAdo] glh= A & o olat & 4= Qlot. Ft o=l S o =
3ol PDSE 83t A2 94 A5AmHE A0 54 072 S x|ojA|(Jeon ef al., 2021; Zhao et al., 2021)
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unmanned ship
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Fig. 7. Concept of future near-real-time CPIES data harvesting system using (a) underwater glider or unmanned ship and (b)
drifting ice-tethered profiler (ITP) in polar ocean.
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7(a)). T S o] HAL Fo] EAc= Tl Daalt 3 ERotH SR TSoks FaA TSRl i
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& ZRmpeleie] R 5 WRl7]S Eel Al PIES ¥=5AtmS 3ot

w8 malels #olw ik, s 174 °
Qg3 sfo] ime 9s] B A7|(AHAP ) elE BEAR 847} 7153 AoltkFig. 7(b)). Tt o] 54 A
gjo] ofele o) 148 mewlela|= PIES AR o] 2gsks A9 stslo] A4 471 7156)7] Ee] R 244
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B2 PIESE o] §510] A 4 gl skt Bl 542 Al AR PIES Arle] 4-glo] BEA RS
4

9702 =5 o] @At Aol el AZahat. PIESL SJAT-al4m 7k S S aFaubAl7k ¢ )7} SRS
270t 95 )5 A7} 57k CPIES ] 79 S 50 m AF52] S5 ) Z7431h PIES i CPIESS S-6s}o]

o, ZHE AEol, T S TENISH 52 BET 4 AT, SAH 48 H2 4272 29/1eS BT 5
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< B g AT AEC] 7HsSith

PIES ] 214 slglo] ¥5A=E 94 02 815she olle &3 9AA= 381 PDSE E-85h= ol 3
ot o RS2 PIES BSATRE P2olal m&# o & o8 4 AR, () EARI Az dSole AP lot A& 7t
ST (DR ARSSS A IS 5 "7 7R 7Rl g5, v SRtold, % 2o, s &
2uidd, B ARESAI2E 52 E8she L Aot 5= 83 PIESE fEte] 5 MeVIE At 7ol &
FET g E-8Rtrhd ot 2 Ysfel A aa ) st A AFe A RS0 7He e A o= Al

o] MAlE Tt ek 72 A A2 )0l ofsto] A=t
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