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0obpbin geHb!

ay6nmpyto NMMCbMO M3-3a BO3MOXXHbIX HEMOAA0K B NOYTE B CBSA3M C Pa3MeEPOM
Co0OLEHNS. YMEHbLUEH pa3Mep apxmnBa A9 YCMeLwHOW NepechkisIKM No noYTe.
BHECeHbl NPaBKM Mo 3aMe4YaHUsaM peLieH3eHTa.

OTBeT peneH3eHTy

Mgl 671arogapuM peleH3eHTa 3a PelleH3HI0 U MOJI0XKUTEJIbHYIO OIIeHKY Halllero

K CCJIeIOBAHMs U Hallle¥ cTaThbu. MBI ITpopaboTany 3aMedaHus pelieH3eHTa. [anee
IIPUBOOUM HaAIlll KOMMEHTapHuH 0 KaXXJOMV 3aMeYaHHI0 U 0TMedaeM
COOTBETCTBYIOIIIE KOPPEKTUPOBKU, KOTOPHLIE MBI BHEC/IU B TEKCT IMyOIUKAIINH.

1.B npedcmassaeHHOU pabome aHHOMAau,us u nepsvle ab3aubl 88e0eHUA
npaKkmu4ecku cognadarom, no3momy asmopam pekomeHOyemcs nepenucamsw
Hayasno

88e0eHUHl.

BraromapuM pelleH3eHTa 3a 3aMedaHue, BBefleHre CKOPPEKTUPOBAHO CIIEAYIOIINM
oOpa3oM.

« Cloud Base Height (CBH) is an important meteorological parameter that
strongly correlates with the thickness of the planetary boundary layer.
Estimating CBH is important for aviation because CBH can be a reason for
restrictions on take-off and landing of aircraft. Also, for monitoring the
meteorological situation, it is important to have a cheap way to assess the

CBH. There are existing methods for estimating CBH, which involve the use of
complicated and expensive equipment.

Alternatively, there are methods involving expert visual observations that
exhibit high uncertainty. Additionally, most instrumental methods are
designed to be exploited with equipment installed on a stable horizontal
platform, which is difficult to satisfy in maritime conditions on a waving
ship.

In this study, we propose an approach for estimating CBH using two
optical wide-angle cameras spaced from 15m to 30m apart. Our approach
utilizes the parallax phenomenon, specifically the observation of the
same cloud point under different angles due to the displacement of the
observing device. Optical images of the visible hemisphere of the sky

are synchronously captured during field observations with the two
cameras of the SAIL Cloud v.2[1]cloud

characteristics evaluation device developed at the Laboratory of Ocean-
Atmosphere Interaction and Climate Change Monitoring of the Institute of



Oceanology of the Russian Academy of Sciences.

To utilize the parallax phenomenon for closely located objects (clouds),

we adjust the transformation of one of the images in each pair to

compensate for the inaccurate camera setup. To achieve this, we compute
the position and orientation correction of the cameras using distant

objects such as the Sun or the Moon. We apply transformation which includes
an offset along the axes OX, OY and rotation of the photo relative to the
central axis perpendicular to the plane of the photo. To find key points of

the clouds observed at different angles from the cameras, we apply 2
methods, as a baseline we used SIFT\cite{SIFT}. SIFT detects a varying
number of key points, and in conditions of complete cloudiness, the number
of key points can be less than ten. The small number of points does not

allow a stable application of the statistical approach for the assessment

of CBH. So we use the SuperGlue graph neural network[11]. With SuperGlue, we
identify key points and extract their geometric features, which are then

used to match key points in the synchronous images. By determining the
position of key points on the aligned images, we calculate the angle at

which they are visible from the two cameras, allowing us to estimate the
distance from the camera installation base to the clouds. The study results

in the development of a novel algorithm for calculating Cloud Base Height
(CBH).

We conducted a comparison between the estimated CBH values and the ERA-5
reanalysis data for the AI57, AI58, and AI61 marine expeditions conducted
by the Institute of Oceanology of the Russian Academy of Sciences. The
results showed the highest level of agreement with the reanalysis data for
stratocumulus and cumulus clouds.»

2. B nynkme 1.1. 8 KOHUe napaepaga nocae Figure 1 He cmoum moukd.

7. B pazoese 3.1. omcymcmaeyem mouka 8 KOHUe npedaodceHus «This is
ﬁi}\]] it was decided to use the artificial graph neural network Superglue
»

Bripaxxaem 6J'Ial"OJIaDHOCTI:> PENEH3EHTY 3a YKa3aHHue Ha 3THU Olle4YaTKH, MEI
HUCIIPaBUIIX YKAa3daHHEBEIE OomuOKHU B TEKCTE MaHYCKPHIITA.

3. B napazpage 2.2. cmoum ccuiaka Ha Figure 1

«Sail Cloud V.2 is capable of capturing optical images of the visible

celestial dome. In Figure 1, one of the two fish-eye cameras from the

set, along with the mounting points of both optical heads on our

research vessel, is shown.»

Ho, Figure 1. Planet Boundary Level and Cloud Base Height of cumulus clouds

Brarogapum penieH3eHTa 3a 3amedanue. [lobasneHs Gurypsr 3 u 4 (c yueToMm
HOBO¥ HyMepallu¥l KapTUHOK) C IIPUMEPOM KPEeIIeHUsT (OTOKaMep Ha CyaHe U
npuMepoM ¢poTorpaduu BUAUMOM monycdepsl Heba.

4. ®opmyavl (3) u (4) He onucaHwl, He yKazaHo umo obo3Hauarom. Takace



OTCYTCTBYIOT 3HaKu TOYEK B KOHLIE (hopMYy 1.

Bripazkaem 61aromapHOCTDL PEIIeH3eHTY 3a YKa3aHue Ha 3TU HenoueThl. [loOaBJIeHEl
onucaHusg GopMyn U 00bsICHEHUS OYKBEHHBIX 0003HAYEHUU B CIIEOYIOIIEM TEKCTE,
IIOCTaBJIEHHEI TOYKY B KOHIIEe PopMyJI. [IOTIOTHEH CIIeQyIOUIUY TEKCT

«We used the following coordinate transformation, which includes an offset along
the axes OX,

QY and rotation of the photo relative to the central axis perpendicular to the plane
of the photo. The following notation is introduced in the formula (3) x1, y1 -
coordinates of center solar disk on first photo before transformation and x’, y’ -
coordinates of center solar disk on first photo after transformation»

«Then the solution is to find the minimum of the mean square of deviations in
formula 4. Where 1’ is radius vector with transformed coordinates from first photo
and r2 is radius vector with original coordinates from second photo on the
parameter space a, a, b»

5 . Ileped popmyaoti (5) makace omcymcmaeyem mekcm, U He ONUCAHO Ymo
MMEHHO BblYncaseTcs. Tak xe He o60CHOBaHO I'I,OVI617VI)K6HI/I€' MaJioro yrsa nJjinn OHoO He
cooTBeTCcTByeT 0b03HavyeHusAM Ha Figure 4.

BraromapuM pelieH3eHTa 3a 3aMeudaHue. B ucripaBieHHOM BapHaHTe ONKcaHa
dopmymna u o6ocHOBaHO MPUOINKEHNE UCIIONTb30BAHNE MaJIbIX YTJIOB.

«In formula 5, H is calculated cloud base height from parallax effect, which S is the
distance in pixels between the key points after conversion and L is the distance between
cameras in meters. For CBH of 1000 meters and a distance between the cameras of 33.7
meters, we get

2 sin (a/2) ~ 0.0337, which allows us to use the following approximation for small
angles
2sin(a2) ~ 2a/2 ~ a»

6. . B nodonucu k Figure 6 Heo6xo0umo yKa3zambv cculaKy Ha cmambio [10].

BripazkaeMm 671arogapHOCTh PEIeH3eHTY 3a YKa3aHKe Ha 3TOT Heaoo4eT, MBI
HCIIPaBUIIN YKAa3aHHYIO OI_T_II/I6Ky B TEKCTE€ MaHYCKpPMUIITA.

B durype 8(goBoi HyMepalnnu) nodaBjieHa CChUIKA Ha cTaThio [11] KoTOpasa
SIBJISETCS OPUTHHAIBbHOU cTaThek Mo Superglue, ctaths [10] orceinaeT K SIFT.

8 Ilo npakmuuyeckomy npumeHeHurw Heupocemu SuperGlue He xamaem
,ﬂeTaﬂel;I peasinzaunn: Kakme BXoHble faHHble (CKOﬂbKO KJIIO4Y€BbIX TOYEK
I/ICI'IO/'IbByeTCﬂ), o6yqanaCb Mo4esib NnJin NCrioJib3oBajiacCb npeﬂo6yquHa,q MoAae b,
pa3mep TECTOBOIro rnoAMHOXECTB

MEI IeHUM 3aMeYaHusd, OCTaBJIEHHBIE DELIEH3EHTOM, U O6y1aromapuM ero 3a OT3HIB.
IomomHeH pa3pgeil IPpUMEHEHUA HEMPOHHOMU CETHU CIIEeOYIOIMIMM TEKCTOM :

«In this study we used pretrained model Superglue with outdoor variant neural
network and maximum number of keypoints is 2048. All images dosen t resize and
uses in original shape 1920*1920 pixels.»

— Attachments:

dlcp2023-Borisov-version4.zip 9,2 MB



