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Data return rate and its improvement for m-TRITON buoy

Nobuhiro Fujii'*, Iwao Ueki?, Masaki Furuhata', Takayuki Hashimukai', Masaki Yamada', Shoko Tatamisashi',

Kai Fukuda!, Tetsuya Nagahama!, Makito Yokota®, Tatsuya Fukuda®, Yasuhisa Ishihara®, and Kentaro Ando?

The Japan Agency for Marine-Earth Science and Technology (JAMSTEC) has deployed m-TRITON buoys at three
sites in the eastern tropical Indian Ocean since 2006 as a part of the Research Moored Array for African-Asian-Australian
Monsoon Analysis and Prediction (RAMA) which plays a major role in Indian Ocean Observing System. In recent years,
due to increasing mooring period and serious damages by frequent vandalism, the data return rate of real time data had
declined to less than 60%; furthermore, in the worst case, that of internally recorded data dropped about 50%. For the
improvement of data return rate, we developed wire rope armored with Technora® sheet and underwater sensor clamp to
reduce entanglement of fishing gear to reduce vandalism damage. As a result, data return rate of each under-water sensor
was improved to 90%. For meteorological sensors, data return rate of each sensor is still less than 90%, nevertheless

improved anti vandalism countermeasures.

Keywords : m-TRITON buoy, Quality Control, Data return rate, Indian Ocean, Vandalism

Received 3 August 2016 ; Revised 28 November 2016 ; Accepted 29 November 2016

Department of Marine & Earth Sciences, Marine Works Japan Ltd.

2 Research and Development Center for Global Change (RCGC), Japan Agency for Marine-Earth Science and Technology
(JAMSTEC)

3 Marine Technology and Engineering Center (MARITEC), Japan Agency for Marine-Earth Science and Technology
(JAMSTEC)

*Corresponding author:
Nobuhiro Fujii
Department of Marine & Earth Sciences, Marine Works Japan Ltd.
3-54-1 Oppamabhigashi, Yokosuka, Kanagawa 237-0063, Japan

fujiin@mwj.co.jp

Copyright by Japan Agency for Marine-Earth Science and Technology

10



N. Fujii et al.
doi: 10.5918/jamstecr.24.10

— e —

m-TRITON 7 4 D4R 7 — & OUUGH L 8%

B BT, MR M2 W IEML W mEl LE IERH, Eds BT
fRHE W', RE MGk MH %O, mHE EmS pE WmAC, Wik R

PR ZER Z61%HE (JAMSTEC) Tl&, £ » FEEBIIY A7 4 O % $H 5 Research Moored Array for African-Asian-
Australian Monsoon Analysis and Prediction (RAMA) ®O—Jt& LC, 20064F & V) BH#GT 4 >~ FEEIZm-TRITON 7 A
3B LT 5. TETIE, REHIHOBEME N 57) ZAORAIES T, T4 Y —u— T, BLUtr
Y OBGRERPEZTBY, VT VYA L7 =5 OREFRIZ60%FK, FULT— & OFFRIZOWT LR L RVIEE
TIES0%REEL, 77— F BUREPMET LR H 572, 7= SRR Lol 727/ —-5®L — 2B ERAA
A —a—TRKh e VY HOWMBRE S 72 T EOMEER T, NS AR ERL TE . FOMEE,
RATT — & RRRIZ90% £ TYFE L. ART— 5 OPERIZONTE, Ly VOMEHE Ny T FigEORE LIZX
DIMELTECTIEvs. LAL, KFETF—2ORFETH590% % TIZIEE->TBLT, PEEILETH 5.

¥—7—F: m-TRITON7 1, GEEH, 7=y IEE 12 FE ANy 824

20164F8 H3 3248 ; 2016411 H 28 HEETFa 2 ; 20164E 11 H 29 HERIR
1 HRESH~Y v T—r - Vyosy IR
2 [EISZWFZERHSS I N MR ZE B S M ERBRBERNII Ze R s £ > & —
3 ENIFZERASSE N T FE B SR e TR v v —

HMREHEE
BEH A5
WSt~ v - T—=2 - Vs
T 237-0063 1431 WA ZEE B RN 3 T H 54 % 15

fujiin@mwj.co.jp

H1Ere - ENZWETER S8 NP e B SER A

JAMSTEC Rep. Res. Dev., Volume 24, March 2017, 10-20 11



m-TRITON 7' 4 DF R 7 — & OIA53E & U
Data return rate and its improvement for m-TRITON buoy

1. It wic

YRR O RAMELRETIE, TV T EY A—
2B BEABSERT 5 & L b2, HELD L) 2
JEE 5 4~ REES A R—)VE— FBS (Sajiet al.
1999) THRESNHRAFLEE F T, Mer RIFERBIEOZE
BARIEL, INOAMHEICHEELY RIZLTWE. 20
i5&@%&%@?X%A®Xﬁ%XA%%%#K¢é
729002, A ¥ FEEICBIT A8 74 #8 (Research Moored
Array for African-Asian-Australian Monsoon Analysis and
Prediction : RAMA) S & 1T\ % (McPhaden et al.,
2009). RAMARE 7' A #lIfEIL, HAZIEI LD, T2
VA, AYF, AYRAYT, 77 A, HE, F—2RA
FTUT, T 7)) A REEEE R & o BRI o EIRE R
2 & o THER: - REAASED SNTW2 (K1),

HEFEIFSE B SRR (JAMSTEC) X, RAMAREE 7 A Eﬁ
HHEA N SN D LD ETO20014E10 712, 1 ¥ FEES
H%ﬁﬁ%“&UVﬁkai@&&%kﬁ@ﬁﬁﬂ
4 (TRITON 7' 1) % i%i&E L CBIllA Bta L C Lk, 1~
FEEHRES B IS OB & e L T 5. m%iuﬂ#
1%, TRITON 7' 4 OEMEEE L THZICHE LA v F
HAN NS4 74 (m-TRITON 7 1) 12X 281 %
1.5°S90°E (1.5, BURRQ0EAT D &, DUF ) T
BIfG L, NERTRITON 7 4 LB XH# 2 T 72, HfEIE
5°S95°E, 1.5°S90°E, 8°S95°EM3illl iz fn1ﬂMT0N7‘

AL BB ZER L THH, RAMALRYE 7' A BHAIKEIZ
Bk L T 5b. 20064E~20074E121%, £~ FEES A R—
WVE— FEERII BT 5 MENT 0L 2 R THo T
B9 5 7 EORR % 2P C & 72 (Horii et al., 2008). A&,
B O 2 7 = X LNRHO-0121%, BICh7z-> TH
BB T — 5 22T EDNEETHY, T4 T7—
¥ OWAERDOM LIIRE L EEZDLD S,

Research Moored Array for African—Asian—Australian

Monsoon Analysis and Prediction (RAMA)
#Surface Mooring wFlux Reference Site ®ADCP & Deep Ocean
1 L h ) !

o
GO June 2016 Japan (2000)
76% Complete a1
/India (2004)
20°N ] USA/Indonesia (2006)
a -] China/ 07)
*
10°N -
3 ® o
o 3 o ® :
T s e
@ ° * -
10°5 ° L] . * e g [
® . . +
L] * <
20°5 4
a
Solid=existing, open=plan
3005 T e, : .

40°E 60°E 80°E 100°E 120°E
Fig. 1. Schematic diagram of RAMA as of June 2016 .
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Meteorological Sensors

Wind vector, Air temperature, Relative humidity,
Precipitation, Shortwave radiation

Surface Buoy
(Height: 3.1 m, Diameter: 1.8 m, Weight in air: 800 kg, Displacement: 300 kg)

Underwater Sensors
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Current: 10 m
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Fig. 2. Schematic of m-TRITON mooring system.
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Table 1. List of quality indices.
F1. WHEHA VT s A,

BHox L ClE, 32432 QI 2 MEEH Y AT AI12L 5T
HBIWIZAS-3 % (HEIQC). HEIQCHDT— 4 15t L
T, ANHoH TERFEMEOA L HE LT, &&WIF5
THQIEHETS (KLY 2T7)QC). Y27 )QCT
B LM SND T — Y IIKREL G T, AL 77—
Y, VO - BEHEICE A RE T — %, B X O
R EIZERENIBOT =5 O35 HE N5,

WA Ay TTAARE L CHEGT 5 &) =E,
AT — 72 ONT, by TTA DRHEEL R ET 5
ZENHL. INTTIZ, TUh—LED D STA0mEE)
L7zZ &bl s, FEp| SNz REIZEHI S 72K -
AR, BUINEEDSIER ICEL kb o0, KikkE
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HEIQC &L ¥ 27V QCIE, Argos3 THUFSN51) T
WEA LT =5 ETARITRICE | B L OE 50
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TR, BN, HEICOWT, FHHT - FREIEOR R
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B, WF—=FIZTVI A L7 =% LHELTEY M
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#2210, m-TRITON 7' A OF%EHLAE, FHEIIR,

B
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Quality Index Class Description

0 data missing No data.

1 highest quality Pre and post-deployment calibrations agree to within sensor specifications or data correction by calibrations was applied.

2 default quality Pre-deployment calibrations were applied. Default value for sensors presently deployed at the ocean and for sensors
which were either not recovered or not calibratable when recovered.

3 adjusted quality ~ Pre and post calibrations differ, or data do not agree with other data sources (e.g., other in situ data or climatology), or
data are noisy. Data have been adjusted to reduce error.

4 lower quality Pre and post calibrations differ, or data do not agree with other data sources (e.g., other in situ data or climatology), or
data are noisy. Data could not be adjusted to correct error.

5 error data Sensor or communication device failed.

Table 2. Cruise ID, observation period and observation number at each location of m-TRITON buoy.

#22. m-TRITON 7' { Oikidfiie, BUAMIM, Bl s 7 1 Bl

Cruise ID Observation Period 5°S95°E 1.5°S90°E  8°S95°E  8°S97.25°E
MRO06-05 Dec 2006~Feb 2008 18501

MRO07-07 Feb 2008 ~Mar 2009 17501 18502

KY09-01 Mar 2009~Nov 2009 17502 18503

KY09-09 Nov 2009~Jan 2011 17503 18504 19501

MR11-01 Jan 2011~Jun 2012 17504 18505 19502

KY12-08 Jun 2012~Jan 2014 17505 18506 19503 97501
MR14-01 Jan 2014~Feb 2015 17506 18507 19504

MR14-06  Feb 2015~Present 17507 18508 19505
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Fig. 3. Normal communication rate of Argos3 averaged among
several buoys deployed in each cruise. Numerals of horizontal axis
show months from deployment.
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Fig. 4. Overview of containers storing satellite communication
electronics. Left: Initial type, Right: Improved type.
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Fig. 5. Real-time data return rate of each sensors in all of mooring
period.  WND: Wind, HRH~black: Air temperature, HRH~
white: Relative humidity, RAN: Rain, SWR: Shortwave radiation,
CTD[depth]m~black: Water temperature, CTD[depth]m~white:
Conductivity, TD[depth]m: Water temperature, CRN: Current.
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Table 3. List of troubles of satellite communication system.
#3., HEBEYATARNEOLNEA—E
Cruise ID ~ Obs. Number ~ Months from deployment Description
KY09-01 18503 2 water leak in vessel storing satellite communication electronics
KY09-09 19501 13 water infiltration in electric cable
MR11-01 19502 10 water infiltration in electric cable
KY12-08 17505 7 water leak in vessel storing satellite communication electronics
19503 17 water leak in vessel storing satellite communication electronics and water infiltration in electric cable
MR14-06 17507 5 abrupt termination of cummunication (cause is unknown)

Air Temp. & Rel.Hum. Return Rate [%]

0O 2 4 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18
Rain Return Rate [%] SWR Return Rate [%]

0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
—&- MRO06-05-—4— KY09-01 = MR11-01 - Air Temperature
—— MRO07-07 —+— KY09-09 —©— KY12-08 . -

- Relative Humidity

Fig. 6. Data return rate in each sensor averaged among several buoys deployed in each cruise. Numerals of horizontal axis shows months from

deployment.
6. EMHFCTEESNZ2~4RDOTA O, H2 VO T — 5 WEEROFIMH. MlidearE (7).
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Fig. 6. Continued
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Fig. 8. State at recovery of vandalized m-TRITON buoys. (a) All underwater sensors (10m ADCM ~ 80 m TD) have been pulled up or down, and

gathered at one depth. (b) Sensor units of wind, rain and shortwave radiation have been all lost. Air temperature and humidity sensors have been

damaged. Sensor supporting pole has been bent. (c) A lot of payaos have been set on under-water guard.
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Fig. 11. Overview of underwater sensor clamp to reduce
entanglement of fishing gear.
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