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AKTyanbHOCTb

BeTpoBble BO/HbI:

* KN1t104EBON KOMMOHEHT KIMMATUYECKOUN CUCTEMD

* Ba)KHbIXN paKTOP B3aMMOAENCTBMNA OKeaHa N aTmocdepbl
* YyacTBylOT B 06MeHe aHeprmen B NOorpaHUM4YHOM Cnoe
BanaHue MOpPCKOro BONHeHMUA:

* PUck ana cygoxoacrtesa n 6eperoBomn MHGPaCTPYKTYpPbl
[Mpobaembl MOHUTOPUHTA:

*[IpobnemMma HenpepbIBHOIo N HAAEXHOIO MOHUTOPUHTA
BO/THEHWMNA OoCcTaeTcH



MeTtoaobl U3mepeHue
BETPOBOIro BOJIHEHUS

AncTaHUMOHHbIe meToAbl:
CriymHuKosble HabnrwoeHus
* [Thtocbl: ThobanbHOE MOKPbITUE

* MMHycCbl: HNW3KaAa TOYHOCTb B
LUTOPMOBbIX YCNOBUAX

radar -

footprint




MeToabl namepeHns BeTpoOBOro BONIHEHUSA

BosHomepHsbie byu
[lntochl:

* BbICOKaAa TOYHOCTb
MuHycCblI:

* JIOKa/IbHOCTb U3MEPEHUN

v 4 b ar .t - " 4 i
(® Spotter 0989 3 hours
MODEL
Position 50°36.2' S 046° 01.7'E ® Significant Height 6.7m
Wave height 61m
Wave period, peak & mean 171s,12.1s OBSERVATIONS
Wave direction, peak & mean 230.1°, 233.4° p X i — e Significant Height 6.1m

Wave spread, peak & mean 15.1°, 259°




I MeToAabl Nn3MmepeHumAa BeTpoBoro BOJfiHeHumnA

BusyanbHble HabaogeHun
(VOS):

[1ntochbl:
* laHHble c 1784 roaa,

OXBaTblBalOT
OoT1Aa/iIeHHblEe PANUOHDI

MuHycbl:

* HeperynapHocCTb u
HEepPaBHOBEPHOCTb,
noaBep*KeHbl owmnbKe
HabntogaTens

90° 120° 150° -180° -150° -120° -90° -60° -30° 0°
Ship Observations Team
VOS: Yearly (2017) and monthly (September 2018) Coverage
* Yearly
* Monthly Generated by www.jcommops.org




LleneBble nepeMeHHbIle

[ N3 e JHauMMas BbICOTA BOJIHBI - H
p(H) 4 His = 373 2. Hi CpenHsAA BBICOTA CAMOU BBICOKOU
10 } E TPETU BOJIH 34 U3MepeHHe

Il

e [lepuos BOMIHBI - T
BpeMsi MeX 1y IPOX0XKIeHUEM
JIBYX COCEJHUX 'pPeOHEN BOJIHbI
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X-aAmnanasoH: 8.0—-12.0I'Tu

A =25-3.75cm

YacTtoTta papapa 9.41 I'Tu

A =3.18 cm

CKOpPOCTb Bp. aHTEHHbl 27 06/MUH
YactoTa ou-BKU curHana: 80 Mluy
paspelieHne ounPpoBKu
NPUHATOrO CUrHaNa No
npocTtpaHcTey 4096x4096

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 Ill.” Earth System Science Data 14.8 (2022): 3615-3633.



I pumMeHnMOCTL MEeTO1a

CurHan papapa oTpa)kaeTca OT MOBEPXHOCTU BO/bl,
ecnu: w,> 3 M/c u BbicoTa BOJHBI 7 > 0.5

dopMupyetca pAadeb. \// '
Ycnosue bparra: N t

A
1, = 2 N T T~ N 7 '
2 T<.

Slightly Rough: slightly diffuse

Nmfvwww j‘»x
T

Moderately Rough: moderately diffuse

Very Rough: very diffuse



CneKTpanbHbIXN anropuUTMm

Data collecting and trimming FT processing Hs seavision €5 timate

Dispersion relation for waves:
w = ,/gk + kU cos 6

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)

(lk|, w) = (384,48)
on 16 directions
through 360 with step 22.5

o

Calculating
significant wave height
using Aand B

D Hg seavision = A + BYVSNR
(kx' ky' w)=(384,384,48) (individual for every station)
: NI=18
864 turns = 32 min
384x384 pixel

« 30Ha 06paboTKK BbIOMpaeTCH
BPYYHYIO

* Heobxoammo nmetb 20 muH
N3MepeHnM

* PacyeTt KaniMbpPOBOYHbDIX
KO3ddUNLUNEHTOB
A n B nnamemayanbHbl gna pagapa

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 Ill.” Earth System Science Data 14.8 (2022): 3615-3633



CBepTOYHasA HEMPOHHAA CeTb

Convolutional Regression
core subnet
Ve o \/—H Krinitskiy et. Al "Estimating Significant
B 1 [ D o . . I Wave Height from X-Band Navigation
m m i m m m m m RadarUsing Convolutional Neural
oW oW Al Al Ay Ay Ay Al
: 2 M - = N e A : Networks." MOSCOW UNIVERSITY
s | 40 2 | S ]3 55|l I8 55|18 SLABIL |2l 2|82 PHYSICS BULLETIN 78 (2023): 1.
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3x X 2%
5 . o : ‘ Fully-connected layer mapping
SPE Sinusoidal positional encoding \ FC (N1 -> N2) N 1-length vector to N2-length vector
G.A.P. Global average pooling SWH Target variable, significant wave height

Moandpukaumm ResNet 50:

*dYHKUMA akTMBaumnmn Mish
*[T03NLUMOHHOE KOAMPOBaHME NO NPOCTPAHCTBEHHbIM NEPEMEHHbIM

*HoBasA No/IHOCBA3HAA 4acTb, ¢ ueneBbiMu nepemeHHbimu (Homn T )
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[lo3numoHHOE KognpoBaHMe

[Mo3nuMoHHOEe KoaupoBaHMe — nobaBieHne B HEMPOHHYIO CeTb C/I0€B C
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NMouck onTumanbHoOu obnacrtu:

. PacyeT aucnepcmn no BpemeHu

. PazpeneHune Ha 64 ceKTopa

YnaneHune 3ateHeHHoOM obnactu (~45°)

. Bbi60p 32 KOHTPACTHbIX CEKTOPOB

5. opmuposaHue cermeHTa 2048x1867 px



LleneBble nepemeHHble H_.un 1T°
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3HaYMMaA BbICOTA BOJIHDLI:

Mo buoy = Jy Sbuoy (F)ASf

Hs,buoy — 4'\/TnO,buoy

Nepuoa;:
M1, buoy = f()oo Sbuoy(f)fdf
mo

Ts,buoy — my



LieneBble nepemeHHble H.u T

vertical displacement (m)

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

H, wn T paccunTbiBaeTcA
CKOMb3AWMM OKHOM (10 muH)
No JaHHbIM BOJIHOMEPHOro
bya;

e PanapHble CHUMKU — 27 rpm

(0.45 ) CUHXPOHU3UPYIOTCA C
nokasaHunamum bya Spotter (2.5




JlaHHble

Expedition Buoy stations SeaVision stations
ASV50 (05.08.2020 - 07.09.2020) 24 157
AlI57 (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 1 N test
3 validation
0.150 1 E train
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Peaynbtatsl ([1K)
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Predicted

Pesynbratsbl (6e3 1K)
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Predicted

Peaynbtathl ([ 1K HU3KKMe BOMHbI)
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Predicted Wave Period (s)
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Wave Period - No Low Wind and Waves

R =0.740 + 0.178 ,
R2 = 0.305 + 0.428 7
RMSE = 1.013 + 0.258 s
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Measured Wave Period (s)



Predicted Wave Period (s)
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Wave Period - Overall Summary

R = 0.685 + 0.192 Pig
R2 = 0.199 + 0.452 Bz
RMSE = 1.145 + 0.345 1P

Cruises & Cases
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Al63
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3aKn4yYeHue

* ResNet 50 4na oueHKN 3HAYMMOM BbICOTbI BOJIHbI M Nepmnoaa rno
AaHHbIM CyA0BOro pagapa X-gnanasoHa:

e ObyyeHa Ha aKcneaAMUMOHHbIX AaHHbIX MO PAH (ATnhaHTuKa, ApKTUKA)
e KayectBO CONOCTaBMMO C KNACCUYECKMM METOA0M

* [MpenmyLlectBa: mrHoBeHHasa oueHka SWH (vs. 20 muH), obpaboTka
bonblien obnactun, He TpebyeT KaNMObPOBKKU



[lepcneKkTussbl

* ANNpoKcMmaumna ANMHbI N HAaNPaB/IEHNA BOHbI

* AdanTaumnAa Ana ABUXKYLLEroca cyaHa

e ObyyeHme HC Ha CUHTETUYECKUX AAHHbIX

 KombuHMpoBaHMe cneKkTpaabHOro aHasaunsa c MO

* Baanpgauma no cCNyTHUKOBbIM AaHHbIM U BU3ya/bHble HabatogeHUAM
* ABTOMATM3aUUNA OLLEHKU BONTHOBbIX XapPaKTEPUCTUK

* BHegpeHune cuctem SeaVision Ha cygax
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