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F£72 The nomalization water leaving rad jance of wake seawater w ith bubb les and background seawater
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Fig 3 The ranote sensing eflectance of wake seawater with bubb les and backg8round seawater
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F&4 The relative ranote sensing reflectance ofwake seawaterwith bubbles refative © badground seawater
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Fig€ 5 The absolute ranote sensing reflectance of wake seawater w ith bubbles rejative to background seavater
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M easuram ent and Analysss of Seawater AOPs of ShiP W akesw ith
Bubbles in Case]] W aters

ZHANG Y@ 7ZHANG Yong 8ang WANG Hua 7ZHANG Xu
(Deparment of M ilita®y ()dezlnography DalianNavyAcademy Liaonng Dalian 116018 Chinay

Abstrac:t ShiP wake s propertes ( € € m jcrowave properfy thema] nfrared properfy acoustic properfy undemwater
obtica] scatterng property of wake pubbles) have been extensively stidied © monitor surface shiP through the ages

However there were fw resecarches on ahove water specta] features of shp wakp eecially features with supmemZed
bubbles W ih the increase of the resolution of spacehome optral SeNnsor measurement for shiP wakes by optical] ranote
sensing s feasihle The Physica] features and APParent OPtral Propertes ( AOPs) of shiP wakes wih bubbles was
measured sity and how bubbleswoul] affect AOPs of seawater in Case]| waters such as nomnalged water. eav ng
1ad jance and remote sensing reﬂec‘anc’e were analyzed fn quantity BY canparing ranote senspg reflectance of wake
sawater contan n€ hubbleswith radiance resojution of ASTER VNR rad'pmete’r we can f{ind that it is feasible o detect
$hiP wakes containing pubbles by spacehome optica] senors In this paper the mamn research damestic and ahroad was
ntoduced systamatically In accordance with the Phenomenon n experinent of optica] Propertes of sea water caused by
bubble’s the infuence of hupbles m wakes on optica] Properties caused hY varjeties of water hodies and envirooment
(¢ & solaraltitude angLe wind Peed and cloud covery and quantificational eva uation ofvald ity of wakes with bubb les
based on sae]lit oPtica] sensorwere jnvestigateq These worksmay provide some theoretica] pundations {or capturng He
nfomation of ship wakes fran spacehome optica] sensors (bservations prove that §hiP wakes with bubbles can change
AOPs of seawater n hoth, he magnijude or Pectra] shape over the visihle and mfrared wave bands and ke color of water
becanes greener hecause of wakes pubbles And the bubbles concentration and reflectance icreased wih the dstance
fran the opservatpn posjtion in wake 10 the target shP gethg horer Durng he exper'ment’s we found that he length of
aget shiP wakes with bubbles exceeded | kn} and the wdth was apoutqom The concentation of pubbles mn wakes
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becane higher as he distance heween opservation point and taiget shiP shortene] There f)I’E the reflectance al
enhance] W e observed another shP whose eed equaled © the @get shiP and vmagewasy theavier than the target
$hiP  Alhough we only ©0k visua] opservation hecause of e Jinited expPerinent cond it'pp we found that the eng€t and
wdth of its wake wit, bubhbles were greater than that of target shil;f) therefore  we believe that the screw propeller can
generate more huhbles as hiP isheavier and fster And he bubbles n wake are ahle 10 Jast a Jonger timewhen the screw
propeller § bcated n deePerwater and the tine interva] of pupbles rispg€ to surface s longer The changng of AOPs
caused by the wakewih bubbles wil]l bemuch more distinct and Jast a Jonger tine At the sane tine mnCase]] waers
the varjatpns of seawater A()Ps caused by the introduction of huppleswere not very clear]y hecause the high concentratpn
of suspended particles may increase the hackscaterng n comparion the varption ofwater color affected by shP wakes
weakened when wagerwasmore tuthyg Although he information of wake wihy bubbles obtained by optica] sensor varged
with wave bandys the varjance of seawater Pectrun caused bY wake hupbles can he extracted more easjly with he
mprovanent of the radiance and spatia] resojuton of modermn optica] sensor ( the quantification grade of optca] sensors
carried bY QuickB ird and KONOS arrive atf] bits and the sPata] reolition iy gmp m respectively) W ind sPeed was
ess hanjgm- s' and the sea condition was g0od when we took experinents The effect of the moughness of sea surface
on experinent did not complete]ly enege n order to fu]ly analyze hov marne envirorment a ffec s AOPs ofwake seavater
with bubble’s more experinents are needed in other wind speed and sea cond ition MeanwhiLe we need to take more
experinents tomeasure vessels of diffrent sze and spee] W e wish t0 summarize the mles of AOPs of wake seawater
canparing wih backg€mound seavater by means of canpmning sate]lite ramote sensing nfomation wih, experinent da@
Final]y wemay achjeve our goals of monjtorng and identifin€ shPs m large scaje sea area hY using spacehorne optical
Lenor

Key Word§ shP Wak;: bubb]e,s Case][ waters AOPs



