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Oceans cover over 70% of the Earth’s surface and provide numerous services to humans and the environment.
Therefore, it is crucial to monitor these valuable assets using advanced technologies. In this regard, Remote
Sensing (RS) provides a great opportunity to study different oceanographic parameters using archived consistent
multitemporal datasets in a cost-efficient approach. Various types of RS techniques have been developed and

utilized for different oceanographic applications.

remote sensing ocean ocean wind ocean current

| 1. Introduction

Oceans cover more than 70% of the Earth’s surface and provide countless benefits. For example, the oceans
produce over 50% of the world’s oxygen and store carbon dioxide. Moreover, the oceans transport heat from the
equator to the poles and regulate climate patterns. Additionally, oceans play a key role in transportation, food
provision, and economic growth. Oceans are also important for recreational activities LBl Considering the
importance of ocean environments, it is important to protect them using advanced technologies. To this end,

datasets collected by in situ, shipborne, airborne, and spaceborne systems are being utilized.

Although in situ measurements provide the most accurate datasets for ocean studies, they have several limitations.
For example, they are point-based observations and cover small areas. Moreover, deployment and maintenance of
in situ platforms (e.g., buoys) are expensive and labor-intensive 4. Shipborne approaches also have their own
disadvantages. For instance, they can only measure Ocean Surface Wind (OSW) along specific tracks, and the
vastness and remoteness of ocean environments hinder surveillance of human activities because authorities
cannot frequently provide effective vessel control &, On the other hand, ocean mapping and monitoring using
airborne and spaceborne Remote Sensing (RS) systems are of significant interest due to the large coverage, a
wide range of temporal and spatial resolutions, as well as low cost of the corresponding datasets B8 The
understanding of ocean environments, including marine animals, oceanic biogeochemical processes, and the
relationship between oceans and climate changes, has considerably improved due to the availability of global,

repetitive, and consistent archived satellite observations. It should be noted that although RS provides a great
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opportunity for ocean studies, it does not obviate the necessity of in situ measurements, and they usually play a

supporting role to each other in different oceanographic applications.

Different methods have been so far developed to derive oceanographic parameters from RS datasets. These
methods can be generally divided into three groups of statistical, physical, and Machine Learning (ML) models.
Statistical algorithms are mainly based on the correlation relationships between in situ measurements of
oceanographic parameters and the information collected by RS systems. These models are usually easy to
develop and provide fairly reasonable accuracies. However, they require in situ data, which are sometimes not
available over remote ocean areas. These models also need to be optimized for different study areas. Physical
models (e.g., Radiative Transfer (RT)) are based on the physical laws of the RS systems. Although these models
usually provide better results than statistical models, they require many inputs that are usually not available.
Recently, ML algorithms, either traditional (e.g., Random Forest (RF) and Support Vector Machine (SVM)) or more
advanced models (e.g., Convolutional Neural Network (CNN)), have been frequently utilized for various
oceanographic applications. Generally, like many other applications of RS, Deep Learning (DL) methods provide
higher accuracies compared to statistical, physical, and traditional ML algorithms BILJIL  However, it should be
noted that DL methods require a very large number of training data and are computationally expensive (121,

Consequently, it is sometimes more reasonable to utilize other, less-costly ML algorithms 1311241,

| 3. RS Applications in Ocean

As discussed in the Introduction, six oceanographic applications of RS are explained in Part 1. These applications,
along with the RS systems which can be used to study them, are illustrated in Figure 1. More detailed discussions

are also provided in the following six subsections.
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Figure 1. Overview of the met-ocean applications of RS which are discussed.

3.1. Ocean Surface Wind (OSW)

OSW is an essential parameter for various applications, such as marine disaster monitoring, climate change
modeling, water mass formations, and Numerical Weather Prediction (NWP) [2I18I17I18]  Considering the
limitations of the traditional methods for OSW estimation (e.g., anemometers and buoys) 13119 RS observations
have emerged as cost-effective techniques 29. Remotely sensed OSW information mainly relies on the
relationship between the OSW and the sea surface roughness, which represents emissive and reflective properties
of the ocean surface 18, Five RS systems have been frequently applied to measure OSW: microwave radiometer,
GNSS-R, SAR, scatterometer, and HF radar. The advantages and disadvantages of each system, summarized in

Table 1, are discussed in more detail in the following subsections.

Table 1. Different RS systems for OSW estimation along with their advantages and disadvantages.
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RS System RS System

(PassivelActive) (Type) Advantage Disadvantage
Low accuracy for OSW
Microwave Appropriate efficiency in high wind direction estimation in low
radiometer speeds, large-scale coverage wind speeds, coarse spatial
resolution
Passive Higher spatial and temporal
resolution, less sensitivity Inadequate number of
GNSS-R atmospheric attenuation, low-cost, satellites, need more
low weight, low power needs for investigation and validation
receivers, unique sensing geometry
. . . . Speckle noise issue,
SAR High spatial resolution, applicable at challenaing breprocessin
both low and high wind speeds ging prep g
steps
- . . Coarse spatial resolution,
Good efficiency in low wind speeds, . L .
. Scatterometer saturated signal in high wind
Active global coverage . -
speeds, rain contamination
Availability of OSW data
Reasonable accuracy at different wind only at specific coastal
HF radar .
speeds, large-scale coverage locations where the HF
radar has been installed
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Table 2. Different RS systems for OSC estimation along with their advantages and limitations.
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U”Wg{ﬁt‘%}%{ﬂ?%é}&%ﬁg %%@%@fzﬂ_lt_aé%d continuous OT monitoring and predictions over wide-spread

scales. RS systems can be used to study several aspects of OT, including tidal flats, tidal channels, tidal currents,

ighest level), covering much of the shore, high

Ocean Tidal Load (OTL), and tidal wetlands. In the following, a brief description of each type of OT is provided.
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Tthelaftreirsindatedl Betlvdah idati @ndrhghatilivwaeatind3hd akfifedns flaSees hotdon nHeurd o€ sedaiater and
fredRapteh MatinorDreRtsy £2C Madalctend 3Rdvide lesR8Btd6ervices, such as coastal storm protection, food
FIOBEHo R SErelRg, SRR C R ToER B SPRIRANST S LB S e BRAPHONE e
1303%%5@066.the planet (Figure 4) B Murray et al. [l also reported that about 70% of the global tidal flats
occurred in three continents, namely, Asia (44% of total), North America (15.5% of total), and South America (11%
& Bahets % BawHRnSigndieanidissipatorghtidal anesandmiie AreRRreaminieies R frleliird
Staﬁigm?éﬁéd}@tﬁ\duﬁﬁ%ﬁigggg’l\ﬂ%n?gﬁmz)ﬁﬁoring tidal flats using field observations is limited to estimating

78S TRAMESOE DARAPHANCS  ACCRHS, &'MOSh Aol dRdiRk faiFatargIdiallstedsirses FoNE iinfetyn
conBAipMmEtic Al fHBdRIRRY"SMEUD RJLaIR SIIKVAL B HatEdB 2T 9BLopi A time-efficient approach.

In fact, RS data with a high temporal resolution are necessary for tidal flats studies because there are coastal
B0 BV hal el arr g eentti kS RO G Rd QTR QLe AR S Y- I RAY A SrR0k L HSRLIRRR fagase
study of thematic mapping in the Korean tidal flats. Ocean Coast. Manag. 2014, 102, 458-470.
81. Murray, N.J.; Phinn, S.R.; DeWitt, M.; Ferrari, R.; Johnston, R.; Lyons, M.B.; Clinton, N.; Thau, D.;
Fuller, R.A. The|global distribution and trajectory of tidal flats.-Nature 2019, 565, 222—-225.

82. Gade, M; Alpﬁenr
in the German
1613. Z 30

, W.; MelsheimeraC.; Tanck, G. Q:kassification of sediments on exposed tidal flats
ight using ‘multi-frequ'éncy radar data. Remote Sens. Enxsi-r,lon. 2008, 112, 1603—

f“ - Ly

v L : & U
i) I . ’ A x L
83. Lee, J.K.; Eee, If; Kim, J.O. Analysis on,tidal ché\nne_!s based on UAV ‘pho}bgrammetry: Focused
on the west colipt, South Korea case anaﬁysis. J. Coast. Res. 2017, 199-208;,
] I ’-

» L
84. Mason, D'C'-;ns%l ott, T.R.; Wang, H.-J. Extraction of tidal channel networksjfrom-airborne scanning
laser altimetry. ISPRS J. Photogramm, Remote Sens. 2006, 61, 67-83. w 3

85. Letcher, T.M. Future Energy: Improved, Sustainable and Clean Options for Our Planet; Elsevier:
The Netherlands, oot® -120 90 60 30 0 30 &0 a0 120 150
Longitude ()

86. Du, T,; Tseng, Y.H.; Yan, X i=impecisoficamsnishitttstansitissinigaie on the generation of

nonlinear internal waves in Puzon Stfit. 3. G&¥bhys. R&. 0cedh® 2008,3P#3, C08015.

Area of tidal flat per 1° grid cell (km?)
87. Ferreira, R.M.; Estefen, S.F.; Romeiser, R. Under what conditions sar along-track interferometry is

sifinkla. foroassassmatinaditidal fneidyingsuirceotts-hd igele iOgirdapladopttl Ghs. lRemoie 9.
Sens. 2016, 9, 5011-5022.

A tidal channel is_a type of stream or a waterway that occurs during the ebb tide and flood tide in the tidal flats 2],
88. Tsal, C.-H.; Doong, D.-J.; Chen, Y.-C.; Yen, C.-W.,; Maa, M.J. Tidal stream characteristics on the
Tidal channel networks are crucial aspects of the neighboring ocean and estuaries. In addition to the control of the
~coast of Cape Fuguei in northwestern Taiwan for a potential power ﬁenera_tlon site. Int. J. Mar.
tidal basin h&drodynamlcs, tidal channels connect intertidal flats to the salt marshes, which play an important role in
~ Energy 201 5 3, —205. _ o o _ _
tidal propagation = Due to various morphological characteristics from terrestrial river networks, conventional river

89 sehelerihms (ERnol raligRpit e phYRIaS Rt sl TRIserE teMnsiars aave HaeNgibgriandsilized to
obtdidBe spatial distribution of tidal channels 4],

90. Kelly, M.; Tuxen, K. Remote sensing support for tidal wetland vegetation research and
The periodic movement of water created by the out-of-phase OT, the local weather patterns (radiational tides), and
management. In Remote Sensing and Geospatial Technologies for Coastal Ecosystem _
ocean characteristics (internal tides) is defined as tidal currents =2/, Periodic tidal currents play ‘an important role in
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the Ass@iSamanbandaidanag pimisat MEp nger waerlinddiei) 8Bl id 45 eumanny, 2008, ippen3dids 3GR:n flowing
w ridges

1" MLy IaR! o AR A RRIIBAaA TeSigafon o rhah Lrase Al &Bﬁ%%%rs? vt
parts %f tg% atrahost fg?'étsht%mﬁ?é?h% gl lérﬁ%nt%%r iszreff\zllvfble and predictable energy 4, mostly occurring at

narrow tidal channels Tidal current generators not onIy cause fewer environmental concerns than barrages, but

AanShpdtoRe tnseall&d AVKRFSE YAV -idGREAANE - 1M od elin@ ARmpp @Rk RkiatEN ST YBIiPAlapsRd tRdatal
enst6RRHEY flosiigtidaerRrs R RlabdR hosdbmty; MRIAEEAEIMeRE1AAfe oMY A8n 8 3edRBa

higﬁgﬁ-level of measurements, including spring and neap tidal cycles and higher temporal and spatial

JBeRBRRAISCH NIEfHLRM E%-pecoul, E.: Demagistri, L.; Petit, M. A complete processing chain for

ship detection using optical satellite imagery. Int. J. Remote Sens. 2010, 31, 5837-5854.
OTL displacements are the elastic response of the Earth to the redistribution of water mass from OT, which can

b BB Widrormfdti: ftadWaBeRsefar: rilfvarye! BieiaEhigalsmriliodataiNiRgeHCEN BABof the most
pro8RARRNAIIRI ARHCRIIENAGERPSEH IR $RAPRARMEX UL (RAHMESa AR oHAN S0 GRYPHIg REMALSt and
pol@@d?ﬁ-rggr%gtiéﬁal W@?Qﬂd flood control. They are also natural barriers against saltwater intrusion into

desyvaterAifers G40, LThBideINed s slsuareh IfRSpiltf GRS RARIR IS RETBICBIAEP AL S
facigptitdenarimadrhugiande EE GeesiiciRam e hielpie Spise gesuingigrackish water and a shift
to becoming nontidal wetlands in freshwater tidal areas. So far, different RS systems have been successfully

9§mﬁg§gd‘}o—r oSk AR SRE R v 0% S kRS M (})ﬁ‘irﬂe-&'sss;ylﬂan% M Rave Been

fredil hlgﬂg%';see |]% Asing aaslﬂbé)rﬁne and in-situ measurements based on hyperspectral remote sensing.

J. Korean Earth Sci. Soc. 2017, 38, 535-545.
97. Yang, Fable SPifieret R sysSA)S RERERBIIES AOMETAIMErRSHBIEh AT RRNATREEYh region-

hacad Aeen faract IFFF (Gencri Remnta Qance | att 2012 15 AAQ0_AR?

RS System RS System Advantage Disadvantage

c (PassivelActive) (Type) . SCj
Availability of .open-acgest data, Time and weather dependency, low
. useful for all tidal applications, a . o .
Optical . accuracy in estimating water height
c wide range of spectral and
E ; . changes n sea
spatial resolutions
Passive
NETT Sk ie, G ATIGIE fa, Sensitive to sea surface reflections, X
1C : dependency on complementary data, 2mote
GNSS-R independent from weather, cost- apolicable onlv to tidal channels and
efficient PP y feature
OTL
Active Accurate estimation of ocean
1C surface topographic changes, €S
SAR independent from weather Complex processing steps
conditions and time, useful for all
1C tidal applications scurate
Only global surface geostrophic, low  -158.
Altimeter Multilook processing, accurate track density, limited applications, .
1C topographic measurements applicable only to tidal channels and 1 Vision;
tidal flats
LiDAR Relatively higher spatial Comparatively costly, useful for the :
1C . o o . ) region
resolution, accurate estimation of data acquisition at optimal tidal and
proposal networks. Adv. Neural Int. Process. Syst. 2015, Z8.
https://encyclopedia.pub/entry/33777 11/13



Ocean Remote Sensing Techniques and Applications | Encyclopedia.pub

RS System RS System . i
1C (PassivelActive) (Type) Advantage Disadvantage ution
ocean surface topographic weather conditions, insufficient
changes coverage, applicable only to tidal
1C channels, tidal flats, and tidal wetlands au{g)matlc
locating and tra ‘?n‘é%'h%bs?‘%r*t’h‘é%‘.‘\}i sector are maritime mana ‘é‘ﬁ‘{é'r'ﬁ essel E“'ﬁ.c'sce?v?cesa's%ety Bhd fescue,
Ret  Sens. 2014, 74—1185. :

ﬁﬁ%{?\\ﬁ%ﬂfg%ﬂ 6‘5&8&1’8%%%%%3’ %’é‘é%’rﬂ'?éh?r%ﬁﬁoﬁf}’/gt%oﬁtlvny survelllance[—][—][—] RS has a leading role

in SD and monitoring because of its several advantages, such as the availability of open-access multitemporal

datasets and large area coverage.

Although various RS datasets have been used for SD (e.g., hyperspectral 28 TIR B4, and UAV 28] imagery),
optical, SAR, and HF radar are the most common RS systems for SD 93] Table 6 summarizes the main

advantages and disadvantages of each of these systems for SD.

Table 6. Different RS systems for SD along with their advantages and disadvantages.

RS System RS System

(PassivelActive) (Type) Advantage Disadvantage

Functional only during the daytime,
Passive Optical Relatively high resolution affected by clouds and weather

condition

Operational in all weather

SAR conditions and all imes Speckle noise, difficult interpretation
Active
Operational in all weather Lack of data availability due to the
HF Radar . . .
conditions and all times limited number of radars

SD methods using spaceborne RS (i.e., optical and SAR) datasets generally have three main steps (see Figure 5):
(1) ocean—land segmentation, (2) ship candidate extraction, and (3) classification of ship candidates [22I[100][101]
Since the objective of the corresponding studies is to detect ships in oceans, the first step is separating ocean and
land regions. This is usually performed using GIS layers of coastlines. However, with the end-to-end DL SD
methods, this step is not necessary anymore. Most of the SD research studies have focused on the second and
third steps by developing better features for ship description and False Alarm Rate (FAR) reduction. For example,
in the second step, a simple shape analysis is performed to remove obvious FAR and extract Regions of Interest
(ROI) that may contain potential ship candidates. In the third step, the ship candidates are classified into ship and

nonship classes.
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Figure 5. A general ship detection method using spaceborne RS data.

In the following three subsections, the most commonly used approaches for SD using optical, SAR, and HF radar
data are discussed. However, it should be noted that more advanced ML methods, such as DL, have been recently
employed for SD with high accuracies. For instance, among many object detection DL methods, the Region-based
CNN (RCNN) 192 and its modified versions (e.g., Fast-RCNN 103 and Faster-RCNN [124]) are mostly used for SD.
RCNN-based methods involve two major steps: (1) a CNN algorithm extracts the shared feature maps, and the
region proposal network algorithm generates candidate regions, including potential ship targets; and (2) the
network classifies these proposals into specified classes. DL methods can extract semantic-level features that are
robust to varying ship sizes and different ocean conditions, resulting in better performance than traditional methods
with human-crafted features and descriptors. However, the main limitation of DL methods is the limited accessibility

to sufficient reference sample data [195](106],
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