Wind and Pressure Measurements in the Open Sea
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Abegracr - The purpose of fhis paper is 1o booduce a new
ship hoard i snorend fior soebeor dogical eleeros e e envents
I the open sea. Wind, Fressnumre, Terp arabhir ¢ Jomnddioly can be
Tueasitel Ty this insnmuend . Since ship is nadigsing durn gdhe
meaniTanats a cadibration seafwd for wind and pressre
TeasuTanends is reporbed . This indnmnend has been naallel on
several carge ship s to ohsarve the open sea dafa and trarsfered
the data to local affice in order to Inprove Hhe Tarn e weath e
forecasiing acomay.

L IsTRoDTeTIONR

Collechng metecrological data at open oocean locabons & a
challenging task but cntcal for lhigh qualty weather
forecasting. 5 atellite chservation 15 nowr ofen used. Howeever,
rslts fom remote sersing stll reed 51ty e wements for
calibrabon and verificaton Data Buoy s thewefoe conermon
wed to meanire the metecrolomical avd ocearographie data n
the coastal ooean or in the deep ocean. [t did play an invportant
wk. Howeverwe are thinlang if there ate arr cheap and easy
ways for metecocearograplic data. Ships, Vessels am
everyrhem at ary tirve in the opensea. If'the ships canhelp to
chserve the ocean, it makes great alvantszes fir
understanding  ocean as well a5 inprovme fomcstng
capability with the ocean. The nternational schere by wlnch
ships plying the vanous oceans ard seas of the world ae
wepnted by meteornlogical services orppamzators for talkme
and tramsnuthng metecrological chsermatoms 15 called the
Word IMetecrclogical Ongamzmation (WHIO)  Vohintayr
Chserving Ships' (VO35 schene. From the vy begiuung,
ships' mekoralogical obsermators were meocgrized as bemg
essental for the provision of safety mlated mekorolozical
services for shups atsea as well & for clivmatolomical porposes
At the pmsert tare, the combbubon wlnch WOE
metecrological repoets make to opermbonal meteorwlogy, to
matire mwetecrological services ard to global climmate stodies is
mwmgque and imeplicedils. Dunne the past fewr decades, the
nrwasing weognition of the role of the ocears 1 the global
chate systemm has placed even greater emphasis on the
mportarce of manre metecrologiral and oceaogaphical
chsering systens.

In the begitmmz of VO5 sclene, manmers chserved the
ocearogtaphic and metectological elemernts subjectvely and
by experience. The data were not digitalized and transfermd
mon-efficerncy. Some vear lder, some conmrercial products
vwere mboduced . In tlis paper, we present a new Shuiphoard
Meteo Oceancgraplie Chservaton & wtem (SlupM05 ] based
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on latest techrologies. The main difference conpard to
conmreial products 15 that this pstrament can storage raer
data for advarnced research requiremernts.

II. SErE0ARD MrTro- Oeramo cEAFEIC OFS PEVATION
SrsTri (SEIrMO5)

In order to mduce the luman’s neghizence, the pmsernt
shiphoard metec-oceanograplic dhservaton system shoald be
desizmed to an opembonal-fiee system It st have the
fanchors of erermy self-supply, real-fime data barsnossion
ard loar malfinchon capabibbr. Fimuwe 1 s the photo of the
Shpboard MeteoOcearoplne Chservahon Svstem Figure 2
showrs the conponents of SlphlCs and its data floachart
ShphICS cortairs shiphoard wmt and sround uamt. On the
ship, the fimcton of chservaton part 15 © measure the wind,
pres e, lunodibr and tenperatne infiemabon The on deck
Infrermation 5wsterm Umt 15 imstlled m the slup’s opembon
woen in ceder to showr the real hme data on the soreen as wrell
as the fowecastng weather charts winch woeived fiom goand
vwreather services crzanrzatices.

Fiz. 1 The Shiphoard Meteo- Oceancgraphic Observation
Systemn (5 lup DS
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Fig. 2 Components of ShipMOS and its data flowchart

Figure 3 shows the interface of the information system. This
information system can be installed on the ship as well as in
the office on the ground. The captain and the operator on the
ground can know the ship location, ship speed, ship heading
direction, wind speed, direction, gust, pressure, humidity and
temperature. By this information system, captain can also
receive weather forecast chart that delivered from weather
gervices.
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Fig. 3 The interface of ShipMOS’s information system

ITI. CALTBRATIONS

Figure 2 shows that ShipMOS contains a ship motion sensor
and the compass. These devices are going to know the ship
motion (incl. moving speed, heading, heave, pitch and roll} in
order to calibrate the measured data since they are detected on
amoving ship. Table 1 shows the sensors within the ShipMOS
and their measuring ranges and resolutions. From the regular
output of wind sensor, the wind speed is the value against the
ship motion, therefore the true wind speed (against ground)
has to be estimated by vector calculation referring to the data
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of ship moving speed, heading direction and the true north
direction given by compass.

Table 1 Sensors and their resolutions with ShipMOS

items Measuring range resolution
Wind speed 0~50m/s 0.1m/s
wiiid ditestioi Azimu.th:0~360deg ldeg
Elevation: -60~60deg 0.1deg
Pressure 800~1,100hPa 0.1hPa
Humidity 0~100% 1.0%
Air temperature  |~40~+607 0.1C
compass 0~360deg +1.5deg

For the calibration of air pressure, it is necessary to calibrate
the measuring pressure to sea surface pressure (z=0) in order
to have standard values. The pressure calibration processes
contain three parts. They are latitude gravity calibration,
height gravity calibration and height/temperature calibration.
The modified pressure (B,) after latitude gravity calibration
can be estimated by Eq.(1) and Eq.(2).

&, = 980,616(1 - 0.0026373c0s 26 + 0.0000059¢0s* 26) (1)

Bn:Bl+B{@—1J 2)

n

Where g, is the standard gravity; geqis the sea surface gravity
at latitude ¢4 degree; B, is the measuring pressure. Then, Eq.

(3) and Eq. (4) are applied to execute the height gravity
calibration.

€4 = &40 — 0.0003086 H +0.0001118 (H - H') ()

B, =B¢+B¢[gﬂ—1] @)
g

n

Where H is the height of measurement; H* is the average
height at the area by 150 cm radius; gey is the gravity at
latitude ¢4 and height H; g, and gy have the same definition
as above. In addition, the calibrated pressure on height and
temperature can be estimated by Eq. (5), as shown below.

h=18400(1 + ) log, % )

Where h is the height of measurement; t is thetemperature; o

iz the gas constant { @ = 1/273); B is the measuring pressure
and B is the sea surface pressure.

Figure 4 shows the performance of the pressure calibrated
using above formula. In the figure, blue line is the calibrated



pressure which original measured from the ShipMOS installed
on Fishery Ship No.1. The green line is the local sea surface
pressure measured at a weather station at Keelung. They have
very good agreement representing the correctness of pressure
calibration of ShipMOS.
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Fig. 4 ShipMOS8 measured pressure calibration result(blue
line) compared to local sea surface measurement (green line)

IV. MEASUREMENTS

Three ShipMOSs have been installed on cargo ships or
research vessels for operational testing since 2004. They are
listed in table 2. The measuring interval is 1 hr or 2 hr,
depending the requirements of the ship owner. Until the end of
2007, the average observation successful rate of these
operational ShipMOS is 82%. One reason of this value is not
so safisfied is due to the failure of data transmission by
Iridium satellite. This has to be improved in the future. On the
ShipMOS, a three axis acoustic wind sensor is installed to
measure wind stress. These data is useful to study the air-sea
interaction. Two ShipMOSs were installed on two commercial
cargo ships named Li-Lei ship and Han-Ming Ship
respectively. They navigate between countries or locations in
Asia, such as Taiwan, Japan, Hongkong, Vietnam and so on.
From figure 5 to figure 9 show some routes of these ships and
their observation during their cruises. For example, Li-Lei
ship navigated from Taiwan to HongKong and then went to
Japan via Taiwan. In this cruise, the observation successful
rate is 99%. The lowest sea surface pressure observed was
1000.8hPa and the max. gust wind is 22.4 kts. These data were
transferred to Central Weather Bureau (CWB) in Taiwan in
real-time. The data collection center of CWB checks the data
and puts into worthy data into their weather chart, such as in
figure 10. This much increases the accuracy of marine weather
forecasting.
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Table 2 Data of operational ShipMOS ships

Observation Data Observation
. At successiul
period amount

rate
Li-Lei Ship 2004/11/22~ 2hr 0484 87%
Fishery SMP |5 006/5/18~ | 1hr | 4457 84%
No.l
Han-Ming Ship |2005/11/4 2hr 2728 T4%
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Fig. 5 Lilei ship’s route to HongKong and Japan and its
measurements in Sep/Oct, 2006 (18 days)
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Fig. 6 Lilei ship’s route to Vietnam and Japan and its
measurements in Aug/Sep, 2006 (27 days)
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Fig. 7 Lilei ship’s route to Phillips and its measurements in

Feb, 2005 (5 days)
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Fig. 10 ShipMOS observed data are included into CWB’s

b weather chart
i i In 2005, there are several typhoon raised in Pacific Asia area.
wl During the typhoons, some of the ships which install

-
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ShipMOS were in the sea. Typhoon data were therefore

B ) . _ﬁ”ﬁ'?'“m-’/“’ : observed. They are listed in table 3. The max. gust wind
wl - : , i o o I observed was 57.5 kts during typhoon Sanhu in August 2005.
SN ShipMOS still worked well under this server weather
1 RS s s condition. This proof the robust of ShipMOS.
v AT ; .' . Table 3 Observed extreme meteorological elements during
» S typhoons by ShipMOS
B 9E m‘as m‘ss T 11‘55 TIDE  195E 13‘3{ 13:55 H‘DE H‘EE 18CE TyphOOIl . Lowest guSt wind Max fmeart
time pressure wind speed
) o g . : Natme hpa) (kts) (kts)
Fig. 8 Lilei ship’s route to Japan and its measurements in Jul, (hp
2005 (9 days) Haitang | 2005/7/16~20 | 9934 38.3 373
N\jﬁijﬁﬂ&ﬂ?&ﬂﬂrﬁﬂ&iﬂ[‘]?g?ﬂ Masa 2005/8/03~06 | 9953 38.1 358
Y S B N S e W ] Sanhu | 2005/8/11~13| 9936 | 57.5 38.9
o Taili 2005/8/30~01 992.7 44.3 386
"~ - Kanu 2005/9/09~11| 9997 28.9 23.1
ST N ol T TN VR T
! ””‘i;%;y R Dairei 2005/9/21~23 | 9997 23.9 239
: Longwang| 2005/9/30~03 | 1007.7 27 24.1
3
B, A SO V. CONCLUSIONS
S P m:ss TTE BE m‘ns I &uﬁz [E Y TIET R v ShlpMOS was developed in the unjversity research center. It

. con ] ) is not a commercial instrument. In additional to observe the
Fig. 9 Lilei ship’s route to HongKong and Vietnam and its meteo-oceanographic elements on the moving ships in the

measurements in Jul, 2006 (14 days) open sea (to achieve the requirements of VOS), SmpMOS can

978-1-4244-2126-8/08/$25.00 ©2008 IEEE



obtain much open sea data for ocean research such as air-sea
interaction. This is very difficult obtained before. ShipMOS
can measure air termperature, air pressure, humidity, gust wind,
mean wind speed, direction as well as ship motion. The power
18 self-sufficiency by combining solar panel and batteries. The
data can be real-time transmitted to the land control office by
satellite transmission unit. SuipMOS 18 modularized design
therefore any sensors can be mounted onto it. ShipMOS has
been mstalled n three ships which navigate n Asian countries
for testing. Wind and pressure data observed on the ships are
calibrated into ground based data. From the data received from
these ships, they show good quality. These data have been
used for marine weather forecasting runs.
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