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BBeaeHune

* MopcKoe (BeTpoBOE€) BOJIHEHME — Ba)KHOE ABNIEHUE, BAUAKLLEE HA
NOTOKM Tenja, BAarM, ra3oBblX KOMMOHEHT, MMMNY/AbCa Ha rpaHuLe
OKeaH-aTMmocdepa;

* MopcKOe BOJIHEHME Y4YaCTBYET B MNpoueccax paspyweHus Abaa,
ABNAETCA PAKTOPOM PUCKA B MOPCKOM HaBUraLMWM MU SKCnayaTauum
beperoBon MHGPACTPYKTYPbI;

* [TNOTHLIM N HaAEXHbIN MOHUTOPUHI BETPOBOro BONHEHUA — 33[4au4a,
peleHHaa He 40 KOHUa.



BBeaeHune: cnocobbl HabAroaAeHNI

* BM3yaanaﬂ OUEHKaJd,

* MHCTpYMeHTaibHble M3MepeHna: BOJIHOMEPHble byu, cTauMoHapHble
NOHHble CTaHLWKN, AONNNEPOBCKUE N3MEPUTE/IN TEYEHUMN. ..

e INCTaHUMOHHOE 30HANPOBaHNE 3eMIn U3 Kocmoca (anbTMmeTpbl);

* [lepcneKTUBHbIE MeToAbl:
* AHanu3 AdHHbIX LI,M(I)pOBOVI ONTUYECKOU CbeEMKU NMNoBEPXHOCTN MOPA
* AHa/IN3 AaHHbIX CyAOBbIX HABUTAUMOHHbIX pagapoB




3adgKopeHHble 1 Apendytome dyu

Date: OB—Feb—2023 00:00:00 to 10-Feb—-2023 23:59:59 Plutfarms: 354__ ",.l",NHT Observqtions: 25758




pendyrowme byn Spotter
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Position 34°16.6'N178°16.5'E
Wave height 3.1m
Wave period, peak & mean 9.3s,7.1s
Wave direction, peak & mean 257.6°, 254.2°
Wave spread, peak & mean 44.0°, 54.0°
Wind speed & direction 9.6m/s, 274.0°
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BuayanbHble HabntoaeHUA

WMO VOS: Voluntary Observing Ships program of the World Meteorological Organization

VOS reports




BBeaeHune

* HabnopeHn mano;
* OueHkun B VOS moryT 6bITb NnoaBepKeHbl ownbKkam Habatoaatens;
* HabntopeHus pacnpegeneHbl HepaBHOMePHO No MUpoBOMY OKeaHy;

* HabntoaeHmna HeperynapHobl;

OAHO U3 peLleHnI:

* OUEeHUBATb XapPaKTEPUCTUKN BETPOBOTO BOJIHEHUA MO AaHHbIM
CY[0BbIX HAaBUTALMOHHbIX pajapos.



Cyn0oBble HaBUraumoHHble paaapsl (CHP)

X-band: 8.0-12.0ITy, / 3.75-2.5cm

Research vessel Akademik Sergey Vavilov
Radar type JRC IMA-9110-6XA
Radar frequency/wavelength 9.41 GHz/3.18 cm
Antenna rotation speed 27 rpm

Impulse power 10kW

Antenna size 6 ft

Pulse length mode 0.08 us (short pulse)

Analogue—digital converter (ADC) frequency/ 80 MHz/4096 x 4096
size of output matrix for one antenna turn

Azimuthal coverage/resolution 0-360°/1.2°
Distance range 231.5-2778 m

Range resolution 12m
Analogue—digital converter frequency/ 80 MHz/4096 x 4096

size of output matrix for one antenna turn
Calibration coefficients A and B A =-0.4042, B =1.0034




SeaVision™: ADC ans cya40BOro paaapa
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* Tilinina et al. "Wind waves in the North Atlantic from ship navigational radar: SeaVision development and its validation with the Spotter wave
buoy and WaveWatch IIl.” Earth System Science Data 14.8 (2022): 3615-3633.



Knaccunyeckasa obpaboTka AaHHbIX CHP

OueHKa 3HaYMMOM BbICOTbl BETPOBOro BoNHeHMs (SWH)

. Data collecting and trimming - o FT Processing o

2D FT
(|k|, w) = (384,48)
‘ on 16 directions
l\\ through 360 with step 22.5
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Hs,SeaVision estimate o,

Dispersion relation for waves:
w =/gk + kU cos @
Normalization on speckle noise
Calculation SNR

Estimation of A and B calibration
coefficients on the basis of
ground truth (Spotter):

Hs spotter = A+ BVSNR
(all station’s average)

Calculating
significant wave height
using A and B

Hs seavision = A + BVSNR
(individual for every station)

\

Heobxoanmo
0b6paboTKM

NPAMOYFO/IbHUK);

BbIOMpPATb  30HY
(KpacHbIn

CylWwecTBEHHbIN  WyYyM B
CNeKTpe, Hanuuume
MaKCMMYMOB;

FT-
NoB6OYHbIX

KannbpoBo4yHbie KO3OPULMEHTDI
A 1 B cneundunyHbl ana pagapa;



CBepTOYHblEe HEMPOHHbIE CETU

ana oueHkn SWH no gaHHbIM CyaA0BOro HaBUraulMOHHOIO paaapa

S I WD: 102 WS: 27
S Bl North
o=l I gyro_course: 305
Buey angle: 90

(Ha ocHoBe ResNet152)

e SWH (meters)

Moaundukaumm ResNet152:

*  PyHKUMA akTMBaAUMKM Mish?!

* [lo3MUMOHHOE KoanupoBaHWE NO NPOCTPAHCTBEHHbIM NepemMeHHbIM
* HoBaA NoNHOCBA3HAA YacTb, BbINOAHAKOLWAA 3a8a4y perpeccun SWH

1 Misra, Diganta. "Mish: A self regularized non-monotonic activation function." arXiv:1908.08681 (2019).



2D no3nMumMoHHoOe KoampoBaHue

BHep,peHme AOMOJTHUTEJIbHbLIX KaHaN0B AadHHbIX, KOOANPYHOLWNX MPOCTPAHCTBEHHbIE KOOPANUHATbI
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[TpenobpaboTKka AaHHbIX

ABTOMATUYECKUN BbIOOP HanpaBaeHMs Hanbonee BapmMaTUBHOIO CUrHaNa
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CBepTOYHblEe HEMPOHHbIE CETU

ana oueHkn SWH no gaHHbIM Cya40BOro HaBUraulMOHHOIO paaapa

CHC

SWH (meters)

(Ha ocHoBe ResNet152)

AyrmeHTaumu:

* [oBopoT Ha *+3°

 CmeueHune (+5% pasmepa nsobpaxkeHus)

 MacwTtabuposanue (k =1+ 0.05)

e OTparkeHne B rOPM30HTa/IbHOM HanpaB/IEHUN

* BHeapeHMe HOPMasIbHOTO LWYMa, CKOPPE/IMPOBAHHOIO MO NPOCTPAHCTBY



PedepeHcHble 3HavyeHna SWH
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PedepeHcHble 3HavyeHns SWH

vertical displacement (m)

_"'—I————————

09:50

10:00

10:10 10:20
time (UTC, hr:min)

10:30

SWH paccumnTbiBaeTCA CKOMb3AWMM OKHOM
(10 MMH.) NO AaHHbIM BO/IHOMEPHOTO 6ys;

Mocne ¢punbTpaymm Ha4vya/ibHON N KOHEYHOM
cTagnmn N3MepPEHUH, CONOCTABNEHMA
pPadapHbIX CHMMKOB OUEHKam MO AaHHbIM
Obysa, 4yactotTa pedepeHCHbIX 3HAYEeHUN -—
27rpm (0.45 Tu);

3@  20-MMHYTHbIN  nHTepBan — 540
pedepeHCHbIX 3HAaYEHUN.

10:40



JlaHHbIe

Expedition Buoy stations SeaVision stations
ASV50 (05.08.2020 - 07.09.2020) 24 157
Al57 (29.06.2020 - 11.07.2021) 12 76
AI58 (04.08.2020 - 05.09.2021) 16 55
Al63 (29.09.2022 - 07.12.2022) 30 209
Total 82 497
N=262330
0.175 A B test
3 validation
0.150 1 B train

Fraction unity

2 3
Significant wave height, m
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Pe3ynbTaThl
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3aK/IroYyeHme

* Pa3paboTtaH anroput™m Ha ocHoBe CHC ResNetl152 ans oueHKM 3HaYMMOM BbICOTbI
BETPOBOro BOJIHEHMA MO AaHHbIM CyAOBOro HaBUrauuMoOHHOro pagapa X-band
ANanasoHa;

* HenpoceTb oby4yeHa Ha OCHOBE AaHHbIX, HaKONAeHHbIX Konnektmsom MO PAH B
aKcneamumnax B AtnaHtndeckom n CesepHom JleAOBUTOM OKeaHax;

* [loKa3aTenn KayecTBa HEleOCGTEBOI’O noaxoada COonoCtaBMMbl C MOKa3aTENAMU
KN1aCCHNHECKOITO MeTOAa,

e 1nsa oueHkn SWH HenpoceTteBoMy meToay HeEObXoaMm OAMH CHUMOK (B TO BpeEMS
KaK ana FT knaccuyeckoro metoga Heobxoammo 20 MUHYT pagapHbIX AaHHbIX);

e Knaccmyecknm meTton KanmbpyeTtca nod, Kaxablh HOBbIM paaap (onpegenstorcs
KannMbpoBoyHble KO3pPuuUmeHTbl A, B AMcnepCMoHHOro cooTtHouweHusa). [ns
HEMPOCETEBOro MeToAa TaKasa KannbpoBKa He TpebyeTcs;

* O606wWwatouyto cnocobHOCTb HEMPOCETEBOrO METOAA Ha HOBbIX pPaJapax cneayer
OLEHUTb.



[lepcneKTnBblI NCCNeao0BaHUA

* ANNpoKCMMMpPOBaTb Nepunuoa BOJIHEHUA U ONINHY BOJH;
* Peannsosatb Koppekuuto ana oueHkn SWH Ha xoay;

* [loBbIWaTb AOCTOBEpPHOCTb oueHKn SWH 3a cyeT npeaBapuUTenbHOro
0by4yeHMA Ha CMHTETUYECKM NOPOXKAEHHbIX Npumepax (Rezvov et al., DLCP-
2023, Ne24, June 23, 13:00);

. rlOBbILua"I:b [NOCTOBEPHOCTb 3a CYET pacwmnmpeHmnsa 6as3bl pedpepeHCHbIX
3HayeHun SWH no agaHHbIM AUCTAHUMOHHOIO 30HANUPOBAHNA 3emaun, No

NaHHbIM BU3YanbHbIX HabaoaeHnn, etc.

* Peanin3oBaTb NPOrpaMmHbIM MOAY/b A1 aBTOMATUYECKOM OLEHKMU
XapPaKTepPUCTUK BOSTHEHUS;

* BHeapUTb U3mepeHmne xapaKTepUCTUK BOTHEHMA MO AaHHbIM CYA0BbIX
HaBUIALMOHHbBIX PAAAPOB Ha CyAax C YCTaHOB/IEHHbIMU IceVision,
SeaVision; pacwmnpaATb 6a3y yctaHoBMEHHbIX SeaVision.
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WaMosSeIl

Ocean State Monitoring System

sigma S6 WaMoS® Il (wave radar)is a radar-based, wave and
surface current monitoring system that delivers real-time
measurements while a vessel is underway, providing germane data
to the local operational area. High definition images of wave fields
combined with numerical data and intuitive graphical reporting
keep the operator well-informed in assessing environmental risk
and identifying safe operational windows.

Applications
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Analogue systems
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SOTECH Vol. 10, No. 4, pp. 34 ~48, 2006

CE6 Suite

Current Monitor™
Ice Navigator™
Oil Spill Detection ;
Small Target Surveillance | ——— l -
WaMosS®Il | ‘ w—) rarem

; " Display Unit . Tnggcr Isolation Board Converter
WaveSignal + Bearing
WaveVision™

The Application of Marine X-band Radar to
Measure Wave Condition during Sea Trial

* Heading
+ Video

¢ Marine X-band Radar i
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JRC radars onboard RVs “Academic Sergey
Vavilov” and “Academic loffe”

Research vessel

Akademik Sergey Vavilov

Akademik loffe

Radar type JRC IMA-9110-6XA IMA-9122-6XA

Radar frequency/wavelength 9.41 GHz/3.18 cm 9.41 GHz/3.18 cm
IAntenna rotation speed 27 rpm 24 rpm

Impulse power 10 kW 25kW

Antenna size 6 ft 6 ft

Pulse length mode 0.08 us (short pulse) 0.07 ps (short pulse)

Analogue—digital converter (ADC) frequency/ 80 MHz/4096 x 4096 80 MHz/4096 x 4096

size of output matrix for one antenna turn

Azimuthal coverage/resolution 0-360°/1.2° 0-360°/1.2°

Distance range 231.5-2778 m 231.5-2778 m

Range resolution 12m 10.5m

Analogue—digital converter frequency/ 80 MHz/4096 x 4096 80 MHz/4096 x 4096

size of output matrix for one antenna turn
Calibration coefficients A and B

A =-0.4042,B =1.0034

A =-0.4042, B =1.0034
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Cruises and Spotter buoys

Cruise 50 by RV “Akademik Sergey Vavilov” (Aug 2020)

Cruise 58 by RV ”Akadem|k Ioffe” (Aug 2021)
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Cruise 57 by RV “Akademik loffe” (Jul 2021)
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