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Feature extraction from Venusian cloud morphology using principal component analysis
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We analyzed Venusian images taken from Venus orbiter Akatsuki using principal component analysis for each wavelength
and successfully extracted spatial patterns characteristic to each wavelength. We also statistically compared the similarity and tl
dissimilarity between wavelengths. It turned out that lateral (zonally-aligned) streaky features were dominant in every wavelengtt
analyzed and that patchy fine features had smaller contribution ratios than streaky features. Differences were seen betwe
wavelengths as described below.

We preprocessed images as follows. We used data in which images have been projected onto the latitude-longitude coordine
(Level-3 data), and as for the wavelengths, near-infrared 2 um, thermal infrared 10 um, ultraviolet 283 nm, and ultraviolet 365
nm were chosen. Near-infrared 2 um reflects the cloud height, thermal infrared 10 um corresponds to the cloud top temperatur
ultraviolet 283 nm shows the distribution of $@t cloud top, and ultraviolet 365 nm shows the distribution of unknown UV
absorbers. First, the large-scale brightness variation due to the change of the incidence and emission angles over the Venus ©
was removed by using Minnaert law (except for thermal infrared 10 um images). Then these images are processed by high-pa
filtering by subtracting a Gaussian-smoothed image from each original image, and features which have scales smaller than
degrees in latitude/longitude are extracted. Lastly, we divided images into patch images to increase the number of samples al
extract specific spatial scale. The size of a patch image has 12 degrees in latitude/longitude, and the patch images were tak
from the valid region in each high-pass filtered image. The total number of patch images was around 70,000 for each wavelengtl

We executed principal component analysis for patch images described above. Principal component analysis converts a set
observational data into a set of values of linearly uncorrelated variables called principal component and enables to reduce tf
dimensionality of the data and extract spatial features that appear in data frequently. We computed up to the twentieth principz
component for each wavelength, and we also calculated the contribution ratios. As a result, lateral streaky features are four
to be dominant in all wavelengths analyzed, and the contribution ratio of vertical streaky features and patchy structures wer
relatively small. It was also found that lateral streaky features prevail more in middle latitudes than in low latitudes. Moreover, it
turned out that there is a strong similarity between the principal components in ultraviolet 283 nm and 365 nm, and that the firs
principal component in thermal infrared 10 um has smaller contribution ratio than the other wavelengths.

Next, we applied principal component analysis to a combined data set of ultraviolet 283 nm and 365 nm and studied the
difference of the variance of principal component coefficients between the wavelengths. It was shown that the data of ultraviole
365 nm show larger variances than the data of 283 nm for components with small contribution ratios. This suggests that 365 nr
has more complicated spatial structures than 283 nm. Lastly, we compared principal components between the morning side a
the afternoon side in thermal infrared 10 um. From the result, it turns out that vertical stripe-like features are predominant in
part of the images in the afternoon region, and that those images correspond to the area in which stationary features appear. T
result supports the previous analysis that stationary features tend to appear on the afternoon side. Similar analyses are ongo
for the other wavelengths such as 2 um, 283nm, and 365 nm.

BREEERL P OZICX 0 ELNEEEGZH O TKRES LICERD N EITS T LT, ZNThOREICRED
ZeS 2 — I U, E 2 EROBELMERDMEMIC DWW THEHNIC IR LTz ZORR. WFNOFREICHWTE
R ET % 2 &0, FRROMDWAEIE DT SRIIFIROEIC LN NE WS EWVgho Tz, iz, IHET & ORI
IZDOWVWTE, HBibd 3 XS ITEVHR SN,

TR M ZAT S A, FEHRIC DOV T RO K SIS 21T > 7o, fRfTICIZ B R i 2 /R IC R L ey
7 (Level-37—%) Z{EM L. S92 p mo HREZRSE 10 ¢ m. 5654R 283 nm. 25548 365 nmD 4 RIS DWW TR
W27 o720 RS 2 p mITETEEE, PRI 10 p m ISETERE., IR 283 nmidETHD SO, 771, 854K 365
nm IZETHDORHDLEIRIIIIE D172 ZNZ L T05, 9. KEFD AG I KT HISHAREMEZED BR <
7ed. HIZRYE 10 p mZFR< 3IEEICDW T Minneart Law’z W CHEEEDHIIEZTT > 72 RICHERICH L THY &



T VT 4R EANTIED LTz EiR TR & DD ERES T & TNAINAT )V R VT RIFVD, FREREEE 6 1L
TO/NEIEEDO R Uiz, &BIC, Y2 7 IVEOENE X CREDOZE M A — )Vl O =i, Sz fh 7
I8 FHERICHEIUTze — D78y FHHGDOR E SIFREERE 127 L L, ZNA S AEBOERMEFEICN L TY)
DH Uz T Tz, 73y FHEHROREIIIEE C LI ZFNZFN 70,0004 & 755 Tz,

LCEIH U 7278y FHGECH U T ERD AW ZIT o Tee BRI HTIEEIN T — 2 Z2 SR I SBERH BE 7 T R /I 22
L. TS O TF—=R2DOXGtZHIK L T T —RIc & {HNZ 2 MRS S % T EWAREIC /2 %, BIREEC X Dk
CENBFHAVIA—Z EFEROEOET & LTHRICE NS, ETHRAR 4ERICOWTE 20 Bk THEIE L,
TNFNOELGREEE L, ZTORE. RTOWEICE W THUTIN GRIETI) ORBEREDZEICZ D, #HEH 50
WERPRDOME DA G RIG IR 25 T W oTee Tie, HREEDTAMERERE X © B AT (PG /T OK) HY el
TR olz, THIC, IR 283 nm =4V 365 nmdD F K DRNCHRWFELIEN H S T &, HIRTRSL 10 p m
DFE—FEWDT DA GRMMUDPE RN NE NS EWgh - T,

IT, 4EHVER 283 nm BN 365 nmD Sy FEi{RE £ LD TERD O L. TORIGE T L DT OBREBDIE
DENE PNz, FOFER, IR 365 nmD JTHVEINER 283 nmiC RN TEHEGROD/NE LR THEDIRKE T LM
Do Tze THUE 365 nmD A 283 nmiIC LENN TR ZERMIE 2D 2 L Z2/R L TWa, &I, HREZRY: 10 u
M I DWW THRTE & FRAO TR Z IR Uz, #ERERS & FRAIO—EHOEI{R TR ORI AR E L 5L TH
D, THUIHIEEEREE O HBIEFNCRHIE L TWS T EWVoh o, THUIFEANCHIEEEREED BN S EHDH %
EWVINERDINT 2 B BEER & x0T, MO E TH RO DHEITHTH %,



