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Application of a Histogram-Based Method for Front Detection to the Sea Surface Temperature and
Chlorophyll-a Data by ‘Himawari’ and ‘Shikisai’ Satellite
— Importance of initial data smoothing

Hiroshi Istizak1"?, Hiromichi IGarasHI”, Yoriko ARAr, Masafumi Kamachr”,

Yoichi Isaikawa" and Sei-Ichi Sarron”

Abstract

When a histogram-based method for front detection was applied to the sea surface temperature (SST) and chlorophyll-a
(CHL) data by ‘Himawari’ and ‘Shikisai’ (GCOM-C) satellite, the obtained frontal patterns were scale-selective, corresponding
to the window scales (/).  On this basis, the optimum initial smoothing condition as the data preprocessing was searched for,
that maximizes the frontal edge point detection rate to the given W. As the smoothing filter, the median filter (MF) and the
Gaussian filter (GF) were used solely or co-used.  As the result, it was found that the frontal edge point detection rate was maxi-
mized when the original data were smoothed until the scale of about a half of I, that is, when the disturbances with the scales
less than about a half of /¥ were removed, for the low-latitude SST data of ‘Himawari’ with the co-use of MF and GF. Namely,
the optimum smoothing scale (D) that maximizes the frontal edge point detection rate is roughly proportional to 7.  The mean
values (Rm) of the ratio of D to W (R=D/W), averaged over the practical range of ¥ for various data and regions, fall in a range 0.3
<Rm<0.5.

Key words : Front Detection, Sea Surface Temperature, Chlorophyll-a, Histogram-based Method, Scale-selective Frontal Pat-

tern, Importance of Initial Smoothing, Scale Proportional to Window, Gaussian Filter, Median Filter
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WS I AT RE 2 i o SST {2 H\V T & 7 1
Y MNOMERJETEIUL, RS OHEZICEHTH S
LEZLN D,

R0 SST Wif§7» L Z BN 71 > b 23R 5 1
TEbDELT22H%, 1 2HIE SST DAFHEEZ X
% b @ (gradient-based method, 77 74 T b)) T, Z
DS OMMEE 52 THIET S (B2 1L, Canny, 1986) b
) 121, &% MAH 7% window TRYI D, window
BOROMEDOE A 7T MIBVT G LB bR
LYl OB E WA WMo E EQT 7
VM EBRLTTHETH D (histogram-based method, & A b
7T L) (B 21X, Cayula and Cormillon, 1992).

v A+ 7 F A TIE Cayula and Comnillon (1992) (ULF,
C&C L 1) |2 X % single-image edge detection algorithm (SIED)
b L CHHAING, 4 YT VD SIED TIEHMIZE
W a2 L, 3x3 O median filter MF) T/ A A&7 L
721512, Atk 32x32 @ window |2 X ) D), £ window O
LA NI T AHRENCA B G TH B0 L) »
THES o AETHDH,EITITHEIL, WD
FEEHR, Wi ENTWEGEIZZINOESRE (7)) &
LHE N R Ty VB RRT REMICIET Y VR
AL BAOEATTIO Y ML T D,

C&C 2 X % SIED LA, 2% FV 7209213 2\ (Ullman
and Cornillon, 1999, 2000 ; Belkin and Cornillon, 2003 1) 7%,
FIZI eI L CRE S HiEmT L B EINT
X 72, Cayula and Cornillon (1995) Tl&, #Hftd 5 IO
BFIZZNZNSIED 2 @A L, €071 r b/
gradient DK E S RBEEZEE L2 L TEDLIET 7T~
Y 2 2 A B % multi-image edge detection algorithm
(MIED) 2SR5 S 720 ZHAUS L D A1) P FIVSIED IZH) L,
ZIREN 70y MRG0 2 MEOMINEHR A
Mz 5 b, Miller 2009) 1%, FIREIZHEBOMEIIR LT
SIED @M L, €® 70 ¥ F O & % gradient D i &,
Fepetk, EEIC 70y NOFET AR E V) =ZFHD
HMTRILCTERQSL LV, FHIL Buler 7% &ML
(composite front map approach (CFM)) %24 L, SST KUV
OO 7 4 )b a(CHL) 5 AICHEA L TWb, —F, —Hf§T
SIED % 2578, window I (L& W L 0E) & —E L 27,
ZOHLEAMATTOO — B IV RFFHMEICE D W T A X
b B &\ 9 geographical (variable) window size approach
(VW-SIED) 77 Diehl et al. (2002) |2 & > TIRE SN T\ 5,
T72, 32320 wTY 5 LR (LE S L i) 2500 - Fede
Eb16 L LTSIEDZ#EH L, i o>7242D 16x16
window O, fkbFEV70 Y O segment EFRAT 2 &
L, ZoBMBETHRITZLDOTHLHLHE TSN
R 3 % &\ 9 combination of multiple window (CMW) %%
Nieto et al. (2012) 12 & o THRES N, v ¥ HOMIIZIE
HWIRIERO RN EAVRENTZ, 4B, CHL 534 IZK 5
% SIED O 8 J 13 _F 52 Miller (2009) O i, Miller (2004) <
Wall et al. (2008) T b 7 STV 5,

—7J5, SIED RUBE L7-hic L oy Y Sgitic s
WTHRRIERZZHNIEL 012, PO/ X%
FrZi9 % Z & (preprocessing) DSLZEATT R T 7%, Lok
DFFLDIT & A ETIESIED BHLITO / 1 X720
OFFAIE, 333 DOMF % 1 HEH T 57215 CTh o7z 2
U235 L C Rao-Pascuali et al. (2015) 1, preprocessing O
B HEA L, LD ¥ 4 7 (filter) & LT MF, Hili2
B3, O Gaussian filter (GF) @ 3 i, “Fgibo s —
FIVOREE L LT3x3, 5%5, 7x7, KU 9x9 O 4 FfidH,
FISIE W & LT 16x16, 24x24, K U¥32x32 0 3 FfH, Rt
36 7 — AR LT, LRl CMW % H v T REE 4 km O
SST 7= ICR§ i A G DY, Thbb, Ty
AR ERRET A — A% KDDL LR bz £
OBIZ, 5718 >~ b (gradient > 0.042°C km') & 55\ 7 10
> b (0.02-0.042°C km ") 1220 THRGEARZ KO TV B, #
OFER, EBEHO 70y MK LT filter & L TlE MF,
Wik 16x16 TH Y, 1 — A4 XiFimv 70 MMk
LTlE5xS5, g5\ 7 1 > MR L TE 7¢7 SR Td o
72

For ORI RER, [0Fb Y IJROTLE S\
HEDSST LU'CHL 7F— 212 LT7ay it LT
WHEE D7D OERE L CHEMIRET 2 T2 i
VYA ETHD, ik L7zIFE A EDRATHIZETIE,
) A RWpZt40 SST KUY CHL 512x6f LTy ¥ st o
72D A O TP %R L T A2, Rao-Pascuali et al.
(2015) E—# & B\~ C, preprocessing & L TOFIHFE(L
DBEFVENZR SN T W\ SIED & HWV LA, f))
BB ORBEICL 5T, BA NI ARTICBIT A
WO EAERDPKE B L2 T DM H Y 1#5,
T/, BT AH L), SIEDRICH =y VHEDOD
2 287 A= DR ENT VDA, 4 RGEITH
JB9 ATy VIO 720 O] R R ER SR S L Tw
T\, 8o T, EBROMEREDNLEL T DA LI
BWTHAOBIA» S5 50 5 SST KO CHL #512xf LT
SIED %5 Ty Vi Tk 2 #H L Cild 7 1 > METTS
How BRI - BUET 5720021, @R /87 A —
FHRAERATD 720D T 0L A L IgE 2 BIRELT 2 LB
Hbo

FAco—EoOWFMETIE, 3, BIINRTH DO
$H 1) O SST 7 — % |2 SIED % M L 72 AT 12 B »
TUTF D2 ADHERENTze ThbH, O WOENIZE -
T, Tv VHBREENELRD (I WAVNE VI &R
HIERIZK (Table 2)) 7217 T2 L B6 N2y T HOD/INY —
VICREBHENRAOND : WK EWIEE, BiE&h
570y FOEMYEB A —IV K (Fig. 3o 2F 1,
Bz 517z wlZxbin L T scale-selective |27 & > b 23 HY
ENb, @ w=30, S=3 %[EH%E LT, preprocessing & L
T33DMF &, (1-2-1,2-42,1-2-1) D 2 RKIC 9 HINEF
B RM) 2N T 72356, ENSORIEDS W E
PFY, FHIEIEVIZE) Ty VBRI R
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% (Table 3)o

O OBEET HFTIE, FEBEO SSTHIZB W TITkE4 D A
=70y MHFEAEL, SIED A L7121,
H26NWIZHEE LIZAr— VD70 hORHHH
ENDENWHITETHH) o T, BixoizwITHT
Ly VRO RNZTE L 5T, WOBLIEOT
ENZ, BEIZED L) BRAr—)vo 70 r b xfh
L720WHhTHY, TNUCEoTWHRROENLERETDH
59, bL, A= NVIlEb) R ETn7aY M2k
L7z bld, a0 wTkd/z7ary bEELQNT L
Vo —, @QOERT AN, T—F ORER WIZ LK
fF9 5 Eidlbhads, LLd, 419V SIED O
£9123x3 D MF % 1 [nljiti§ FE LD preprocessing Tl T
L LTATHEVn) ZETHA ) EDORRE T THIF
bz v 2 BRI R KIC R 2 3 ERS 5 & 2
HTHY), RiEOEHEE & 2572,

P bo X9 IR B F 2, A% CTlX SST & CHL 7—
FIZOWT, T, A WIIH LT, Ty YK
ZERIZT B £ 9 7% preprocessing & L COFHAL OIS
AL mE A D, LD filter & L TIE MF & [FD
ORM &L, INHA2LHEAENTHRITL L ET 5, K
WZZFD XL TRD ATy Vs R AR L2 ET,
WA R D EOTCOFEDY & LE S\, SST & CHL
o7uy MEWET S, 2B, RM % 1 7%\ L2
FAZEIZGEZHITAZ EEEMTHY, FOREIIH
It L C GF D438k o (2R A 77 — IV OFIE) 3 E %o

L ORERE LT, WAICL A SSTR CHL 77— %
5SIED #finwCryoy s - Ty VBT 5IZBLTo
KSR END, bbb, 3, EOREDOER
AT —=VDTOY NERDTZADPPROERTH L, £
MBS Tw2SRED, FHIZWIIE LTIy V%
RARIZT 5 &9 AL (2 A4 XL EHELOBRE) oft
JEDWRE Do SO LD M AR R LSS Z LT
K DIRKOBETH 5,

R ORERITLLT O Y Th 5o KET [SIED 12 £ %
70 M TlEgd T SIED O g% e RFE L
L, B3I (77— CRIBOWET - 2T 5.
ZOBNZ, VEDLYVDOCHL 7= & L XS WD SST 77—
FIZIARE LTRSS RZ 2GE0H D, bt
L L7z b Ty DHOKL AT 720T, FOkEN
Fix T8k A, B TRNT 5o VT4 [ F DD SST
263 % SIED M EHIAS R ] TOEHL Y DSSTTF—%
|2 SIED % 3#i F L 72 p) AT 5 A 2 7R 97 &5 5 Hii [SIED
W2 BT S preprocessing & L CORETE{L] T, F
FTOETHY SSTIZOWT Iy VAR ZRAIZTS &
9 7z preprocessing & L T D ¥ TiH 1L (MF & GF €12
NHME 72300 24 0 wiElke, Z2ICH5R
LEFE AR 72, MO T — 7120w T RO
M 47 o TR EE 2R T %0 H6 i [O0EDD-
L & X\, SST-CHL [t#x| T, HdE bzl T»

WA R D &0 T, 0FEb ) & L& SV, SST
ECHLO 71U Y MEIKT 5, WiRIHTHZ [ L0,
TR ROGER] L35,

B, T8k C I RM OB R 3T IE 9 % Gaussian
filter D3 6 KD B I2ODISAH VO =A% B
bho T2, HWAOF—%D—2L LT, Ty I TRV
HICBI ARy Vi E COHEEEZ RO TNRLDT,
ZOREERMERD & LCRLT. HISAERE ICIEAmE S
BOWTHHENTWAE ST X —F L EHAD—E %30T,

SIED (&3 7A> MaHE
1. #+YTFIJLSIED

Z ZTlE C&C @ SIED (4 ¥ F )V SIED) I2 B} % 71
Y MEREHEZOWTRNT %, T3, EHHEZ /NS W
window 12475 L C window IS DMED ERU A3 (B A
N5 0 BT B0 ZDE A T T D DLAENT DR
K Tl B EAGELGEICE, TOIINE ORI,
FEMNZIBIT A KRG 7 S 2N O %2 @TH T
O MIHIET A EZEZSHNS (Fig 1(a, b)) ThbBH,
LA DT T ADHEOETOEEFFD, FEEMTOHRE 7
Oy MR T oIy Vs d, 20X % window
VLT OTH LA EREE I N— L, Fohizty
VHERAELT, 70r rOLKGEEBET L, ZOM
FRIZLITF o) TH %,

1) window D 3ER : 1~2 km O/ FEREIIx L T 32%32

FERE,

C&C TOBITIE 1/60° D431 1E T window (& 30 X 30
(05°X05) D7 LV, F-2035 LIES) &

window i (W) DF:430 15 ¥ 7 )b,

2) BANZTLADHAIEORERR : PIHETIE R\,

C&C Tl bin D HE$ 10~100 F£EE, C&C TIXHD

D5 fFRET 2D F FHARICH - b,

3) R NI T ADOGAET

a. LA NT T DB (i <1< Lo h() 1 EE) WD
FEEME@QICE Y AN TAZ 2D, £
N NOFIHN TOFIGNE (1) & variance (V) & Lh
TOXHIEFKT %o
Ni=Zh(t), N,=Z-h) @

EThE,

(@)= e th(1)) / Ny,

(D)= (T th(1)) / No,

V(@)= Zoee (=) h(©) | N,

Vo (0) = (Zeoe (t = 12)’ h(©) / N 2

b. FNHIZEDOWVWTR A M T ALK TD variance
(Vtot) LT @ 2 D ® variance DF1E LTI

@  Je(r): within-cluster variance

M N>
N+ O NN RO (

@ Jb (1) : between-cluster variance

Je (1) = 3)
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Fig. 1. Schematic figure of the single-image edge detection algorithm (SIED). (a) An example of window defined in the SST
data in the Atlantic Ocean. (b) The SST histogram obtained from the window data shown in (a), with the existence of
two populations and a threshold in between, corresponding to a front. (c) Contrast of two spatial distributions of the
points constituting the two populations in the histogram (spatial cohesion). Panels (a) and (b) were cited from Cayula

and Cornillon (1992) and modified.

Wy BOeOF @

Vtot=Je () +Jb (7) 6)

. @ ERKNIZT D% 100 & L, Oto) =Jb (top)/V 1oL
>07 DBHEIZ, TOLANTTAGAIE LT
HY 1 TZIOBOFIATL T 2D 1),
LRET Bo

4) WITNEL 3 OIS 723k, FEZ2EH T g,

DEXOR Ay FIE, AN LD2ODIC

HIBT 5 LI 7 Z A 70y b TH

BERET,

a. signal-to-noise . (STN) 254 LI I :

Jb (2)=

STN=[(1 — 1) Z/Je]m >4 (6)
b. FNFENOWEBT ¥ 7 v IVEDHILD 25% L.
i

c. TNZENDOIUNIET DY Y D2 54D —
WA L T4 Z & (spatial cohesion)(Fig. 1(c))o 3
DOOIRE C, Cl, C2IZHL, 32x32 D W T
C>092, C1>09, C2>09 (7

5) HEEEHFLLHDS window ¥ BB S, T 7

IN—=TF 5, % window THOLN/z70 Y bERAELT

OB EEET B,

2. AHETOSIED BHICH TR ETDOEES
AZIZB VT, C&C THAZLNTWAREAL DIST

A= OfE W & SO E—WEEETIH TS,
72721, HEELTUTOEIZOWTIREREEZNMZ 72,
T4bb, C&C TIEL A M7 T DR AIEE L THo=
(SST) DfiRfex 2D E FHWTHBY, 72, FHRbe: L
THMEFDAZHNTWDEDT, HAIEIZELIE RV,
DF D, BOMEIT discrete 2IRAEE Bt s, Lo, &
g TIERICHERD L) I LE LTMFOR L 5T
GF bHW2DT, Hddknys e, #o7TC, ZAlFEE
H200E% 5w, 20528 LT, #/IME - &%
KA T D bin BAT50 AR L L, D DK AIEOD factor
MB1L2 BVLIESDENPIIRELIITERZ L ET S,
ZORER, bin FUIIRNT 50, KT 125 &b HIANE
D factor & 2D L) IHGESHMIL, 70y MIHIGT 5%
D% BB & 5720 Th B (KR O Tl
EbN Do 72h, SHOD), 2 HohbTy
VHOEFMBIIE 7 MEZOLDTIERL, 420
Y7 L) CRERL S LA IUATED UM & 7 5o

WHTF—%ty e LTI, KTy VERMEIER
Iy TV THINEIPEVI)HE O 12 DAz, 8
#5081 window 12 & 5 A F v 2 X DRIy ¥ L EHE &
N7zd &9 77— % (robustness), i DIKTFHEE (1277
&9 12 preprocessing & L T b s /zdy), KUY, T v
TUSOWRIC BT it v U R E TOMEE (18 D
S x AbERRT 2 & & T 4,
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F -z
1. =&ty b
RHFZECTEBIC T Y Vsl O 2 To720F b Y -
LESWHEDSST - CHL 7 — ¥ t v b OHFES & O
MW % Table 1 IR ¥ AFRZICTHERALAZ TLESW
(GCOM-C) D7 — % | I ZFHALZ2NIZE I ZEHHE JAXA) £
D, TOELY §ELOMER L7007 1 )balgEB &
O KIRICBE S A28 70 527 b | 1E, JAXA O
Wit 710 &7 MR — A (P-Tree) £ V), ZN-EHiRdt
% 72e B, —EB, Table 1 2R ERE & 0BT 5
M OICT — & O REEN R D EDH WS, A&
KThY, BEIMESNIHERTH S,

2. WBIRBROEEE ZDRBRE
OFDbLYDOCHL ELEXEEVDSSTOF ) VFIVTF—%

IIZENZIE MRS R S5 b (Fig. 2)e O D
") CHL (Fig. 2(a)) T &M EMICET DS, B O R
(140°E) 2> S PG &2 5 13 EFB IS REER S BE D
W25, ZOMBITERKET P HE, BEET 78R
ETHh, —J, L ES\SST (Fig 2(b) TIEHLEIZIH -
THOLH 25 km MBOBTH 5. KigEDT—<Th
2707 MEINSOWEEIIK L CRODGEICIE,
COL) RBEI D UL D LD, BETLHIE
HEINL, BETLH0ORD HER I, FHE
BEOFHMEZWYEY > 7)) v 745 8, ZHEZ:
HAMBEI Y ZND 2L THEHD, TNEOHAITIEM
MR T DR = VOEEITIHEZTLE ). £N5
BRERLBZTBRET L LHIIC, 7 TIEH 5, HEY
B EENEEA &£ BICBWTEET 5,

Table 1. List of SST and CHL satellite data by ‘Himawari’ and ‘Shikisai’, used for the edge detec-
tion analysis in this article. Time and spatial resolutions and data periods are shown.

Product Name Satellite Time Spatial ~ Version Data Period
Name Res. Res.
SST  Sea Surface Temp."” Himawari ~ Daily  2km 2.0 Jul 2015-
Level-2-SSTD? Shikisai Path 250 m 1 Jul-Nov 2018
Sea Surface Temp.” Shikisai Path 250 m 1 Aug 2018
CHL  Chlorophyll-a Concent.” Himawari ~ Daily ~ 5km 1.0 Jul 2015 -
Chlorophyll-a Concent."” Himawari Daily 2km 1.0 Jul 2015 -
Level-2-TWPR (CHLA)®  Shikisai Path 250 m 1 Jul-Nov 2018

UThe P-Tree System, Japan Aerospace Exploration Agency (JAXA)

(https://www.eorc.jaxa.jp/ptree/index_j.html)

?The Globe Portal System, Japan Aerospace Exploration Agency (JAXA)

(https://gportal jaxa.jp/gpr/index/)

ISLII Near Realtime web, JAXA Satellite Monitoring for Environmental Studies
(https://www.eorc.jaxa.jp/cgi-bin/jasmes/sgli_nrt/index.cgi)

(a)

Chl-a Concentration (Monthly Mean) Dec 2015
BPERE U AN

b ) T LAT-LON COORDINATE 11

%,

Fig.2. (a) Stripes seen in the Himawari CHL (mg m™) coarse data (monthly mean in December 2015 with 1/20° resolution).
The stripes are almost parallel with the latitudinal circles, but slightly shift poleward going to the east or west from the
central longitude (140°E) where the stationary satellite stands. They also seem to be meridionally symmetric about the
equator.  (b) Stripes seen in the Shikisai SST (°C) data (July 31, 2018, 1/400° resolution, 115.4°-117.4°E, 8.2°-7.2°S).

The stripes go along with the satellite orbit.
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UEhv) SST IZXT 5 SIED FIEfEAER
1. WRXRF—=IIZLBITyD - INa—2DiR&E

FIHERAYIC, SERE 1/60° DU F DY SST 77— % 12Kt
LT, W=302EA) (05, S=3FAE)(0.05°), KUe A b
75 DDA T B 1o DB iAK IR STN It (FE
K4Pb)ZRAICEZT7O Y MIWIST ATy V%
KDL b wiAT (Table 2)0 2 DOMh, FAEILIE
33O MR2 [ 7215 TdHh %o H:A window (2K LTS %1
9L (Case 1,2,3), Tv Y mEIIKEICHMAT S, I

Table 2. Initial results of SIED application to the Himawari SST
data (1/60° resolution). The detected number of edge
points and required computation time are shown for vari-
ous window widths (W), slide widths (S), and signal-to-
noise ratios (STN).  The median filter (MF) was applied

twice as the initial smoothing.
co Widow il o Numberof (L

(sec)
Case | 30 X 30 15 4 329,302 9
Case 2 30 X 30 5 4 992,816 31
Case 3 30 X 30 3 4 1,272,372 76
Case 4 30 X 30 15 35 1,064,120 8
Case 5 30 X 30 5 35 3,082,393 30
Case 6 30 X 30 3 35 3,902,519 84
Case 7 15 X 15 3 4 1,678,024 59
Case 8 20 X 20 3 4 1,543,769 63
Case 9 60 X 60 3 4 986,170 141
Case 10 90 X 90 3 4 855,881 249
Case 11 120 X 120 3 4 787,463 391

(@) ss7 (color) and Detected Edge Points 120E-180 25-50N

{C] SST (color) and Detscted Edge Points
15%15 pixels ¢ 2§

] [ S ——

D LHFERIER TS L9 5 3115 window 12 & o TA
Fyy ENDLEHDNDLZ EIZL B BIZIE Case3 TH
UL —WICHYLZ 10 [\] (30/3) TIRICAILZ 1L 100 I TH 5
DIZF LT Case 1 TX4RITH B, AF 1 ¥ [AIEAL N
By VA LTHRASNARERIETEE S, —,
STN DA% 4 525 35 12 FIF 5 &y VAEEzhe
N3 RELL BN % (Case 4, 5,6)0 C&CIZED 4 L9
EIFEHRIIZZE R SNV EBbR s (U 4 IZFE5E).

WRIZWES L7236 (Case 7,8) LR L7726
(Case 9, 10, 11) TH A5, TNHDLEIIE WAHVNE VI
EXy VEBIIHEINT b S=313—EZ0 5 HIEN
TOAF ¥ YEFIE W RKRENITIEEEINT 2 B 21X
Case 7,3, 10 Tlx Wi 15,30,90 T, A F x ¥ it 25,
100, 900 [H]) 7%, = v ¥ SEUESITHAT S, SHUE WS
KEWITZEFIET LA T T LB TEREHAH A
L, HZe i fEtekiE 25720 E 2 bilb,

ENFIUTES BRI LT W ORE SH%R
LN TWD, HADE AT T AOEREHN LR,
L A N7 T AT (RIETSER) ISR 2 29 5720 Th 5,
F72, SAVNEVIGEIZL A N A OMBEHHE 2 5
7 OMLIREF S BER 9 5o HIZ, STNILE FIF72IFIC D
BRI 2 575, SZHUL SIN L Z FiF72720 1221l & 7R
WS NDGENIEZ, ZDFAD spatial cohesion DF- . v 7
(RIEZHR) (IR 2 2 b 720 L b s,

Fig. 3 121% Case 10, 3, 7\Zxf 9 AT v ¥ HO5H
ERTH, T YV EBOME W HANEWITESL) T
ml, N = EBHRALNL, KEL WORHE W
=90(1.5°))(Fig. 3(a)), HAEMMHE I BT, B -5l -
FEREK & Vo 7o KRB 7 — )V ORI HE D (3o &
DelLz7zuary roapmbshtsh, dftEEmho

Fig. 3. Himawari SST data (1/60° resolution in grey scale) and detected edge points for Cases 10, 3, and 7 shown in Table 2.  (a)
Case 10 with window size (W) =90, (b) Case 3 with W=30, and (c) Case 7 with W=15.
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BRI TR, R A ol L 7o R K AT
FEICCHLE L H il L T A ERTAS, TRIEO7a Y bEL
TRZONTVE, Wa/ASLTHIEIZLD, I
A =V OWEREEN IS Lz 78 > M S Tw
BT (Fig. 3(b), () 23370 % 0 W=30(0.5°) Tl&, Hiz
BYICAE o TIERL S M7z P HUBE R A b B i R 3 U
MFAEL TOBBRFHPIZ 5NTBY, w=15025°) T
EICHIAWTE Y ek d, Thbh, WHAKEWE
SIS AT =R BMERL LD, wWhHivhawne
AT (AT = VN BRI 2 B 2O LI
FERLI-w Lo THiliEN2 78y bORTF— Vb R
BoTLDLIERRIELTVS, DF D WIZX 5T scale-
selective |27 1 > M S s,

2. Iy URHERICHT 3RO E

—75, Table3 21 W=30, S=3 —%E T, MF & RM %
O 72mEIC T 5 Ty VU RBLEE IR T, WO
AIZHIBIC ME #7281 RM 28N 720 Z0FRITR
T OHBFH (MF 5[5, RM 6 []) Tid MF, RM & 47
BITERIERIIHINL, WEE SICFE L L) 28R E K&
T EEZONDD, RMOFBRLERNTH %, Fig.
4 121% (MF, RM) [FIH2° (1, 0), (2,2), 4, 4), KU (5,6)D
Y& SST B0 537 L i v 2 & 7R 375, Table 3 12
FIG LT, BSOS HEREASHES 1T S v 2 miidd
MLTW5, ZORORKEEO KT 2 RIC2EM BYH
FH(MF 5 [BITCTE 27 £V E11, RM 6 B TE 7 &)L $13) X

(3) 33 — 38N, 143 — 153E  RMOO MFO1

a

Table 3. Detected edge point ratios (%) for the Himawari SST
data (January 10, 2019, 1/60° resolution), for various
times of MF (0-5 times) and RM (0-6 times) applied
(totally 42 cases), with a constant window (#=30) and a
slide (S=3) width. Firstly, MF was applied, and then
RM applied in each case. The detected ratios become
greater for greater times of MF and RM applications,
that is, for greater initial smoothing.

RM times

0 1 2 3 4 5 6

0 0.59% 257 351 415 469 517 559

" 1 2.17 3.57 421 474 520 563 6.02
g 2 3.06 416 4.69 5.15 5.57 594 628
% 3 3.55 4.60 5.07 547 5.83 6.17 6.48
4 393 495 537 570 6.01 632  6.60

5 426 521 556 585 6.15 640 6.67
W=3012&L5 2RI LHEH LD DT, 2L

ZMF-RMZHNFTL 2 EE W XD H/NAT — NV DZER
MIZE) (/A X - BEL) 2 LT 5 2 IS L, 20
FEAWVIIENT 2R T2, 2o Lid, Sa6h
WL TENRL Y Q/NATr — VOZERINERZ L D
RCHIBR L7220 w TOIy ViR L 0 &
BTERRELTWA,

Fig. 51X Fig.4 LA UL v ¥ ri% grad T Ol (K7 &
VIO TORETER) #HERIILT7ay FLAELDOTH
bo AL ET DI TR grad T OHGHE LKA
(b)

33 — 38N, 143 — 153E RMO02 MFO2

Fig. 4.

Himawari SST data (January 10, 2019, 1/60° resolution) and detected edge points with #=30 for four cases shown in

Table 3 in the region (143°-153°E, 33°-38°N).
ing progresses, increase in the detected edge points can be seen visually.

— 7 —

(a) (MF, RM)=(1, 0), (b) (2,2), (c) (4,4), and (d) (5, 6). As smooth-



b K K E K OE 60(1),2021

d) gradT 33 — 38N, 143 — 153 RMOO MFO1 b 33 — 38N, 143 - 153E RMD2 MFO2

Fig. 5. Same as Fig. 4, but for the absolute values of grad 7' (|grad 7) as the background factor. ~ As smoothing progresses, the
magnitude of |grad 7] generally reduces, but its relative strength appears to be clearer around edge fronts.

Gradient Values at the Common Edge Points

Gradient Values at the Common Edge Points
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Fig. 6. Difference in influences of MF and RM on the magnitude of |grad 7]. Selecting four cases in Table 3, for which the
detected edge point rates are almost the same (MF, RM) = (5, 0), (2, 1), (1,2), and (0,3), with 4.26, 4.16,4.21, and 4.15%,
respectively), the scattering diagram of |grad 7] in each case is shown, against that in the (MF, RM)=(0, 3) case, for the
common edge points (2.59%). (a) Case (0, 3) against case (0, 3), (b) (1, 2) against (0, 3), (c) (2, 1) against (0, 3), and (d)
(5, 0) against (0, 3). MF tends to conserve |grad 7] rather than RM.
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Fig. 7.

Confirmation of the scale-selective patterns of the detected edge point distributions against /7, as Fig. 3. (a) W=10 (1/6°),

(b) =15 (0.25°), (c) =30 (0.5°), and (d) =60 (1°), for (MF, RM)= (5, 6).

THIETTHDLD, Ty I HDORVIENZERERS T
ThY), Tv I HmTOMEMMEMINIF2T EAS LI
Wz 5. HEIZ X B/NA T — VERLOHIBRORE R TH
59,

MF & RM %3l T % & LBt 8N s % miClilFE
UTHAHD, BT I571 0 MIRITTHEBIIRL: -
TKL %, Table 3 CTH UREOMEFEL/RT 4 75— A (MF,
RM)=(5,0), (2, 1), (1,2), T (0,3) (BHFIZZ 2 4.26,
416,421, RO 4.15%) (25 L, llcoy VR RS
72 35.(2.59%) 12 BT B grad T 122V TC, (MF, RM) = (0, 3)
% FEHE (BEED) 12 LT — X (il & oBdRI 2 R L
72DH Fig. 6 Th5Ho RM OIEASHY) MF A2 513 &
grad TORE EHFEHICKRE L 2B Thbh, ik
IEFEEETH, MFOLDBEO grad & L SRIF LTV 5
LEZ Ao

7% B, Fig 7W2EF U7 — % O (MF, RM) = (5, 6) IZxf L
T W=10, 15, 30, LU 60 TRDO=T v T ERMHRTDS,
Fig. 3 [AARIC scale-selective 72/3% — > & 72 5T\ b,

SIED 5&FHZ % (% preprocessing & U T D@ A L
1. b SSTF—2ICHT 3Ty IasERagAlt
D 7= Dz HEIFEE
R8T, SIED LU, Gz oz widin LT
scale-selective |27 T > MMk E ), F/2, TOWL
DO/NAT — VOERZFELT 22 LICE DTy VA
WMHELZEDOONDL Z EAVREB SN, 2L, ek

I2&Y, SIED Ty Vi THIHIODOMNINENETH 5
STN tt 4 Ll I & spatial cohesion 2% 0.9 72\ > L 0.92 DLl & v
VM (SIED I X% 70 v MaliE:] BB 2w L
G eblebeEZONL, 2T FRILOFEE L
TMF &, RM |25l C & % Gaussian Filter (GF) = HL Y 117,
SREE 1/50° DO FE DY SST 7= IZR LT, ZNENH
MR OBEH L7235 A ORI EELT 5, B, 22T [
W AL [y VRBHEREERESICTL] v
B THW,

1-1. MF B

ZZTMEF ki, 2RICD 3x3 (=9) ¥ 7 L IVDHLLAL
I, 215 9 HOfED YL (median) % 7 2 % ¥ %
BT 5, ALY, EHEEEZRERE CRETE %,
O F b O SST (57 & fiE 1/50°) 2018 4 12 A 3 H, 100°E-
165°W, 15°S-15°N O#fifl & —fl & LC, btk s,
Iy VRO E RS Table 4 1213 MF 1 M4 2l
WEBRBEINLE T LIVED % % 7RT o MF 12K AN
Bos—tr7—1%, 7HT10% LT, 24 BT 1% LT,
36 AT 0.1% LLF, F72, 50 [ TH0.01% &7 0, 250
FEETIZIT MF 20 L TR (— 046 IZPOR) & Ak
¥ %, Fig 8 21X MF [11420, 1, 2 DHED SST %" o
LRHEIFITRNMIII LA LRGP o0k Ed, BRT
LE1EHOEBBTREL /A ZXDHENRTVWEZ L
Ao

—J5, Table 521X MF 5 [R50, 8 FlHH D W (100 : 2°~
10: 029 1235 5 v ¥ SRINEEZ R T, &k w2
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Table4. The ratio (%) of the modified points to the total sea
points of the Himawari SST data (December 3, 2018,
1/50° resolution, 100°E-165°W, and 15°S-15°N), when
the 3 X 3 MF was repeatedly applied (N times). The
ratio monotonically reduces, and is about 10% at N=7,
1% at N=24, 0.1% at N=36, and 0.01% at N=50. The

data converge for large numbers of V.

Tli\r/Inlz:s quiﬁed Tli\r/InFes Modiﬁed Tli\r/InFes MOfiiﬁed
) Ratio (%) ™) Ratio (%) i) Ratio (%)
1 79.09 12 3.93 32 0.21
2 4991 14 3.24 34 0.15
3 30.64 16 2.71 36 0.10
4 21.06 18 2.19 38 0.07
5 15.54 20 1.67 40 0.05

6 11.89 22 1.25

7 9.13 24 0.91 45 0.02

8 7.27 26 0.64

9 5.95 28 0.45 50 0.01
10 5.05 30 0.31

SR AR ERE]

(a ) SsT (tlesll 3—01"&“' Qota, 20190101

b)

fioE 60(1),2021

EVEEMRERIEE G T2, B LA S IE EREER
b EASDNS, AR E AP T 5 2 &
(Table 4) IZRIG LT, MHERIZTIT—EMEE 2 b0 LD,
ZO—EEDPRAMETH Ho —FEMHENDEAF &1L W
KEVIFER G, 2F ) wATKEVIT EMHEOPHIZ
BoOWRE Y SFEL, WAVNES %513 850 I HE
WA o FRICHRRD X 912 GF 12 & i L Tlash T
KD LD LR ) B\ E THRHFED AT 5 012t
LT, MF Tid 520 TR I L 7z Rl b e
PIRRE D Z LI REBMEL VW Z D,

1-2. GF B
BiRO X 912, 1-2-1, 2-4-2, 1-2-1 £\ HED 2k
TCINERETIE RM) % BEEEICHENT RIS &, 2R
RO 72 INEE 1L 2 IRIC Gaussian filter
G(x, y) = (1275%) exp (— (¢H?) / 26%) ®)

%D, ZO5H o I ERM UG U CikE S, T4bE,
PHELE L Tx=y=0TOHAI1, TIZ0 L5 272%T,

SST (deg C) Original Data
144-145E, 36.2-36.7N

(deg C) Median Filter Once
144=145E, 36.2-36.7N

lselkﬁon Filter Twice
., 36.2-36.7N

Fig. 8.  An example of the Himawari SST field (December 3, 2018, 1/50° resolution) with MF application times 0 ((a), (b)), once
((¢), (d)), and twice ((e), (f)). Left column ((a), (c), and (e)) : 140°-146°E, 35°-38°N and Right column ((b), (d), and
(f)): 144°-145°E, 36.2°-36.7°N (enlarged).
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Detected edge point ratios (%) for the same SST data as
Table 4, for 8 windows (W) with the MF application
increased with every 5 times (V). Corresponding to the
convergence of the SST field for large N, the detected
ratio also converges, with its maximum at that time.
The convergence speed is faster for the larger . For
large W values (e.g., W=100), the convergence speed of
the detected ratio with MF increased is faster than that of
the SST field itself.

Table 6.  Values of the standard deviation () of the Gaussian filter
(unit in pixels), corresponding to the application times
(V) of the 2-dimensional weighted running mean (RM)
with the kernel (1/16) (1-2-1,2-4-2, 1-2-1).  Given the
initial condition that the field is unity only at x=)=0 with
zero at other pixels, the o value corresponding to N can
be obtained through Eq. (8) after the N-time applications
of RM to the field. Otherwise, the o values also can be
obtained by the 1-dimensional Gaussian filter using Pas-

cal’s triangle, as shown in Appendix C.

ngzs WI100 W75 W50 W40 W30 W25 W20 WIO RM(N) oValue RM(@®) oValue RM(N) o Value
® 1 0.798 10 2.264 60 5.489
0 000 001 00l 001 003 003 003 002 ) 1064 . 5475 %0 6334
5039 047 069 091 151 236 345 637 3 1977 ” 5 669 100 2080
10 046 055 084 120 216 352 525 8.60 4 1459 16 2851 150 8.667
15 047 056 088 125 230 374 558 896 5 1621 18 3.021 200 10.006
20 047 057 088 126 232 381 566 9.02 6 1768 20 3182 250 11186
25 047 056 088 126 233 383 567 903 7 1.905 30 3.889 300 12253
30 047 057 088 126 233 38 568 904 . 5031 40 1456 350 13033
9 2.151 50 5.013 400 14.147
RM % NN 72D x =y =0 TOMEZ KO L 2 LT (L
KA =127, NIKWT B o DMEDFRE o 8o 134445
CIIRT L )12, 1KICD Gaussian filter 12 & V) /7S H )LD TRV G/NE [RETOF &0 ] ), hzil
SR ERGWTRD S Z & HTE S (Table Al)s Table 6 12 ZTHENTRT A L GAE oIl Y #ITCr7u sy ML
EEZ NEISHT 5 o H—BE 2R T (K7 2V, THRILEEC 2D, Ty VEBREEIKTT 4, 2o
RM % BRDEIIHIZHE S 2IZ R (0 DIKR), 5256 HITMF & K& R 5,
N WITHIG LT, Ty VR EZRRICT 205 (2 Table 7 |2V Hi/NET &[] U SST 77— % (20184E 12 H 3 H,
% i RM A1 (RMopr) & L, xFIt 9 % Gaussian 73 A7 100°E-165°W, 15°S-15°N) (DT, 10 fEEHD W45,
Dok Ee & T AH)BRESL WTLOEHLEE— RMopt, 5HIvd AT v ¥ k=g, R OR#ET L o &

Table 7. Results of the optimum RM analysis to the same Himawari SST data as
Table 4. For each of ten ¥ values (100-10), the optimum RM application
time (RMopt) was searched for, that maximizes the edge point detection rate.
Also shown are the o value corresponding to RMopt, the spatial scale of the
Gaussian filter defined by the double of the e-folding scale (D=2+/2 ), and
the ratio of D to W (R=D /W). The mean value of R averaged over the W
range (Rm) and its standard deviation (Rstd) are 0.541 and 0.091, respec-

tively.

CASE W100S10 W75S07 W60S06 W50S05 W40S04
Window (W) 100 (2°) 75 (1.5°) 60 (1.2°) 50 (1°) 40 (0.8°)
RMopt 395 295 200 140 110
Edge Ratio (%) 3.94 481 5.09 5.82 6.56
o Value 14.06 12.15 10.01 837 743
D222 ¢ 39.76 34.36 28.30 23.68 21.00
R=D/W 0.398 0.458 0472 0.474 0.525
CASE W30S03 W25502 W20S02 W15502 W10S01
Window (W) 30(0.6°) 25(0.5°) 20 (0.4°) 15(0.3°) 10(0.2°)
RMopt 75 50 34 22 13
Edge Ratio (%) 7.18 8.32 8.50 8.74 9.91
o Value 6.13 5.01 4.14 3.34 2.57
D=2{2¢c 17.35 14.18 11.70 9.43 7.28

R=D/W 0.578 0.567 0.585 0.629 0.728
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F9o E5IZ, Gaussian A AT ZEM A 7 — )V O FRE
& L T efolding scale D 2 f5 (D=220) & Wik 3% D
DWHE R =DW) %75 Fo DIERM 2L B FEILIKAT
WABAT =R he DX BB LT [
RM M | & Frd o Fig 9 IIT AT IEE %2 % (2019 4E 5 H
13 H) 25, w=5012x59 % RM [ %10, 50, 100, K O°
150 D HED Ty D Ho A &R (2O HATIE 140 T
< 150 A% RMopt)o FEAZ LA I = v ¥ OB
THIEPRZTONS,

Table 7 CTld, WATKEWVIZE RMopt 13K & <, WillH
Ky VEMINEIINES S 2 b, HBEIEMF OEE LI
CCH b, 5k old RMopt \AKAFT DT WASKEWIZ
EREL, DYFEBTH L, MBEIEIR=DW TH 5,
—EHHINE DB L DD, BRI WANSWVIZEREZ L%
o LHL, ZOMEOHPILILEF LS, WO /AE
WA (W=10 L 1N 15) # < & 040 = R < 0.59 FRE D
, 2%,

R0.5%0.1 )
Thbo Tbb, WOILASWHEDIITIEED W
W2 LT DIZZDOFHEETHY), WeDHE-T, &
B E e ) DEIZIET 7 Tldd 2 DS BIERARZ TS
N5, Sz U, G zonhizwist L TZodaiE
DA — N CERILTIUSRRD T v ¥ SR )

() sst wososos RMo10 13MAY2019
L7, T =

fo E o 60(1), 2021

BoNbEn)ZEDNER D, TR S RV,
201945 H 13 HOF—# 12k LT (9) X% &0 TRk
DZEDNEZ b,

W O/NS WA (=10 X1E 15) 12 R SHIRHIZR & <
GARRIZOWTIHPDTO L) IZEZONL, Thbb,
7 V1T Rr —VvEEt XD RIS
BELOBBITAT IR S, WAVNSWIGEIZIE, wo
EGRED A — )V OEAL (D% W BT ) TlE
THICEHEETER VD EEZONDL, ZD2D LD
4L DRMELEL L, o & DWW Z LR, RIS
PINIREL BB WNEITRT EHIC, MFEHEAHL, &
W MF % 281N T TBUIE, RMopt 13384 L, R1X 04
FEEEIZE T T A% (Table 8)o

1-3. MF & GF Of#H

e wizx LT, MF & GF 28 L, fisoMle
LBy VIR ERN, ZhEtiRKETH LD
Li#E AT ERD, LT, Zor—2x% [#:H]
LWgd e FTMFZ SATOERTWS727—F (0 |
530 FC)ioxf LT, KICRM ZEATHIT, Fi/NE
LU WIS ATy VIR AHAE
ZRD 7z (Table 8)s #iF L LT, HWIZBWTH D MF
[0l 3 (MFmin) % 88 2 C MF %4727 — % 128 L T RM
s TH, oy VR EO L LE R

- (b) SST wasosauoso 13MAY2019

Fig. 9. Distributions of detected edge points for assigned application times of RM, with W=50 and MF=0 (Himawari SST, May
13, 2019, with 1/50° resolution). (a) RM=10, (b) RM=50, (c) RM=100, and (d) RM=150. As smoothing progresses
number of detected points increases. In this case RMopt =150.
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Table 8. Results of the optimum RM analysis with the co-use of MF, to the same
Himawari SST data as Table 4. Initially, MF was repeatedly applied with
every 5 times to 30 and then RM was applied also repeatedly. For each of
ten W values, the combination of MF (MFmin) and RM (RMopt) was
searched for, that maximizes the edge point detection rate. The MF appli-
cation time greater than MFmin results in almost the same distribution of the
edge point detection rate against RM increased, as based on MFmin. Rm =
0.488 and Rstd = 0.046. In this case Rm is nearer to 0.5 than Table 7 and
Rstd is about a half of that case

CASE W100S10 W75507 W60S06 W50S05 W40S04
Window (W) 100 (2°) 75 (1.5°) 60 (1.2°) 50 (1°) 40 (0.8°)
MFmin 5 5 5 10 10
RMopt 400 330 225 145 95
Edge Ratio (%) 3.95 4.84 5.20 5.84 6.69
o Value 14.15 12.85 10.61 8.52 6.90
D22 ¢ 40.01 36.34 30.01 24.10 19.52
R=D /W 0.400 0.485 0.500 0.482 0.488
CASE W30S03 W25S02 W20S02 W15S02 W10S01
Window (W) 30(0.6%) 25(0.5°) 20 (0.4°) 15(0.3°) 10(0.2°)
MFmin 15 15 20 25 25
RMopt 65 45 28 14 4
Edge Ratio (%) 7.33 8.52 8.81 9.40 11.58
o Value 5.71 4.76 3.76 2.67 1.46
D=22 ¢ 16.15 1345 10.63 7.55 413
R=D/W 0.538 0.538 0.532 0.503 0413

MFmin 7°— % |2 RM Z#HNT#elT 72356 L 12T & 7% 5
ZEDGHoTze D MFmin % [/ MF 0% &
PRI B o MFmin \2%F LT RM Z 8N 7235 G 0okt >
VRIS SN S RM B % RMopt & § b0 MF >
MFEmin \Zx8 9 A RT v JHHEEO RM [MEUE RMopt 12
E{ES AN

Table8 12 & 5 &, KEW W LT MFmin \3/h& < (5
R, /NEw wizxt LC MFmin 13K &\ 25 F£), MF
145 25 1, Table 4 12 X AUE MF 12 & 28 H S Hus—+ >
T=U0 1% LTIC% 0, B0 MF L2 L CTUEIZIR L 72
ERGELNBTH S, T 5 RMopt \ 345K D55,
WHATKEWVIZERKE VA, GF BT % Table 7 (MF = 0)
LT B L, W= 50 10k L CEBFR OB AR E L,
W= 40 TIIPFH OB EIVNE W FEIZ, W =203 L
TIRETIIRCHEL L TALGEICKREREVDTD S
W=107T, GFHMTO 13126 L THHATIE 4. SO
2 MFmin I3 RE V. 2D LI, WAHAVNSWEAIZIX
MF |2 & % B RM ORBEIRD D 5 & & &R T
Bo —J, WHKEVEZIZ MF ORI FIIRER &% 2
bbb,

—7, Table8 2L DL, XTHO WX LT MFmin =
5THY, GF HIHDOEGE (Table 7) 1IZHA_TTRTO Wi
L THRAKT Yy VERHERIIKE LS 2 b, MHEDEIT,
KER W (= 50) 128 L CIIEII/NES WS, <40 T

X =40 DEED 0.14% 225, W=10 D 1.67% ~& W DY
DIHECEFABINL Cnh, SO ERE, AN
VAR LTI GF B L CME 2T 5 2 &1
LRk y VhEEL LIToNns 2 EARSE N
Thbb, I MFIZL > TBNEELZ T9BET 5
ZEDHEEE EIFLDICERL TWS LB b s,

R=D/W 2O\ TIE, GF HIMOE&0 X 512w oEd
WS TRHKRT B &\ 9 fH[f] (Table 7) (£ 4 5T,
INEL WITHLTH 05 ITEWEHE o TWd, W=25
TEWORPIIEST, RO LABI LTS, hE
7 W T MF ORIHEIZ X o T RMopt D5 o 7R, o &
DS L, R WA L7z GF HADBA (Table 7) D 10
D RAEIZ DT DY (Rm) & IEHEAR L (Rstd) (LZFNZ
110541 & 0091 TH 5 DI L THHDEE (Table 8) 12
130488 (= 0.5) £ 0.046 L 72 1), £ETX Vil P
WA L TV b6 Fig. 10 1213 2 OATRE R 2 b & 12 4
DO WA T LB T v VA R R, WA R &
5 scale-selective ZEENHO N TH L, T ZIZIIRE R
Vs 2019 4E 5 I3 HISH L CHRIRD Z &S 2, B
FDHE1E Rm = 0486 & Rstd=0.055 TH ), Rm 13 FFRH
BIZIEH TN 2L L W EDVRIBE NS,

—7J7, Table 9 121%, FHINAEZZ T, WHEEN 15°-45°N
100°E-165°W T 2018 4F- 12 A 1 H® SST iZx13 % MF B
FH#38 RMRATAE R 2 7R 370 AR EES (Table 8) 12T,
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Fig. 10. Distributions of detected edge points by the optimum RM analysis with the co-use of MF (Himawari SST, December 3,

2018, with 1/50° resolution).

ferent from MFmin in Table 8, but the result is almost the same.

(a) W=10 (0.2°) and (MF, RM) = (30, 4), (b) =25 (0.5°) and (MF, RM) = (15, 45), (c)
W=50 (1°) and (MF, RM) = (15, 145), and (d) =100 (2°) and (MF, RM) = (5, 400).

In some cases MF value is dif-

Table 9. Same as Table 8 but for the Himawari SST data in the middle latitude region
(December 1, 2018, 1/50° resolution, 100°E-165°W, and 15°-45°N). The
detected edge ratio is generally greater than that in the low latitude region
(Table 8). Rm =0.389 (=0.4) and Rstd =0.049. Rm is about 0.1 less than
that in the low latitudes (Table 8).

CASE W100S10  W75507  W60S06  W50S05  W40S04
Window (77) 1002°)  75(1.5°)  60(1.2° 50(1°) 40 (0.8°)
MFmin 0 0 0 0 0
RMopt 190 170 130 95 65
Edge Ratio (%) 6.19 727 7.56 8.02 8.46
o Value 9.75 9.23 8.07 6.90 571
D220 27.58 26.09 2.82 19.52 16.15
R=D/W 0276 0.348 0380 0.390 0.404
CASE W30S03  W25502  W20S02  WISS02  W10S0l
Window (77) 30(0.6°  25(05°)  20(04°) 15003  10(0.2°)
MFmin 0 30 30 30 30
RMopt 45 30 19 9 3
Edge Ratio (%) 8.86 9.99 9.85 10.26 12.23
o Value 476 3.89 3.10 2.15 1.28
D=2J2 0 1345 11.00 8.77 6.08 3.61
R=D /W 0.448 0.440 0439 0.406 0361
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(b) o

Same as Fig. 10, but for middle latitude regions (DecembeT 1, 2018)
W=25 (0.5°) and (MF, RM) = (30, 30), (c) W=50 (1°) and (MF, RM) = ( 0, 95), and (d) #=100 (2°) and (MF, RM) = (0,
190).  For large W values some front lines become thick.
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Table 10. Results of the optimum RM analysis with the co-use of MF, to the
Himawari CHL low-latitude coarse data (May 13, 2019, 1/20° resolution,
100°E-165°W, and 15°S-15°N). The common logarithm of the CHL
value (in mg m™) is used and the data are those with the stripes removed.
In this case MF was applied ten times unconditionally. The Rm averaged
over four 7 values (30 (1.5°)-10 (0.5°)) is 0.473 and Rstd = 0.021.

CASE W30S03 W20S02 W15502 W10S01 Mean
Window (W) 30(1.5° 20(1°) 15 (0.75°) 10(0.5%)
RMopt 55 24 11 5
Edge Ratio (%) 7.44 9.23 9.92 8.27
o Value 5.26 348 2.37 1.62
D220 14.86 9.85 6.71 4.58
R=D/W 0.495 0.492 0.447 0.458 0.473
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M04T3TH Y, UL Y 0512, o T, EiEEH
CHL |22\ HAGHREREIE SST & [AkkIC, G2 5/ wic
XL CEDPLPGRED A7 — )b F T LT ULk
Iy VEHEDSE S b, Fig 121213, SST 2T 5
Fig. 9 |Z%Hit LT, CHL @ W30 (1.5°) D5 D% RM 12
45 Ty VR R RT o BRI IR T S RMSS
I CHM A DOMART 20 iz o s, £7z,
Fig. 13 12134 WAZXHIE L 72 RMopt \ 23§ 5 T ¥ By As
Z/RY (Table 10 & (E—H—E L 2 \WANTHH). 130K
XL TiE7za y MEdskoT<L b,

—7, 0EbY) CHL © HAREGESREET— 5 (7%
HE 1/50°) (26 L T b FEARDOENT 21T - 72 (Table 11)e 2D
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L& 2V SST DfikrFEE R UHFETH 5 (8% A)o 5TH
FHD W (100 (2°)-10 (0.2°)) IZ&F LT MF & RM & ffH L 72
SO RIZK LT, Rm=0440, Rstd=0.071 TH Y, Rm
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A O FFATHRI LN ) BT 10.5°-6.5°S,  113°-117°E D%k
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(0.3°)-10(0.025°) 12k 3~ 2 fEAT % K % Table 12 & Table 13
2R T o SST 7°— % 13 Fl 4§k A D (A6) 2 & » Ttk %
Prds L72 M IEAE (To) % TV 720 Wk S DR 72 B AR
L—HEIMEH DD OD, RN WAVNEL B blT L,
Ty VEOEGIIEEIT 5. RICB LTI, SSTIZDWT
Rm=0365 & Rstd = 0061, CHL |22V TCld Rm=0326 &
Rstd=0.085 TH V), Wi &b OFEbY) OB SST (Rm =
0.488) & E#EEE CHL (Rm =0473) 12X LC 0.1 LLETFH %,
UL, LESWEDEDY TIIOMREICRE v As
HY, /A XSO EIRD B 5 EEL (T
BILENDERELDTIED DY) OMWHEIZKELEDND D
TREMEDE 2 55, Fig. 15 121E SST 12D\ T 6 FHFHD
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Fig. 12. Distributions of detected edge points for assigned application times of RM, with #W=30 (1.5°) and MF=10 for the
Himawari CHL coarse data (May 13, 2019, with 1/20° resolution).  Unit is mg m* and the common logarithm is used.

(a) RM=0, (b) RM=6, (¢) RM=12, and (d) RM=55.
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(a) Edge Points COCMCL RMO6 W10S02 13MAY2019 (u.b) Edge Points COCMCL RM14 W15S02 13MAY2019
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Fig. 13. Distributions of detected edge points by the optimum RM analysis with the co-use of MF for the Himawari CHL coarse
data (May 13, 2019, with 1/20° resolution). MF was commonly applied ten times. Unit is mg m > and the common
logarithm is used. (a) W=10 (0.5°) and RM=6, (b) W=15 (0.75°) and RM=14, (c) W=20 (1°) and RM=25, and (d)
W=30 (1.5°) and RM=56. The RM values are different from those in Table 10, but the results are almost the same.

Table 11. Results of the optimum RM analysis with the co-use of MF, to the
Himawari CHL (mg m*) middle-latitude fine data around Japan (May 12,
2019, 1/50° resolution, 100°E-180°, and 15°-45°N). The common loga-
rithm of the CHL value is used and the data are those with the stripes
removed. The Rm averaged over five W values (100 (2°)-10 (0.2°)) is
0.440 and Rstd =0.071.

CASE WI100SI0  W50805  W30S03  W20802  W10S02
Window (/) 100 (2°) 50 (1°) 30(0.6°  20(0.4°) 10(0.2°)
MFmin 20 5 30 30 25
RMopt 300 160 55 24 3
Edge Ratio (%) 3.60 6.66 8.26 9.89 8.80
o Value 1225 8.95 526 3.48 128
D220 34.65 2531 14.86 9.85 3.61
R=D /W 0347 0.506 0.495 0.492 0361

B A%, F72, Fig. 16 121X CHL I2DW COFKE DX % FThbb, UFEbDRPLESWAEZHDT, SSTIZDOW

R (IR &R 20N ). O E DD OWA THCHLIZDWThH, Gxoh/wix L CHYICR
ERBRIZ, BoNhb7ar FOIREIE WIZDW T scale- FHEL TCoxRONIE RMopt 3 F 1), & 512
selective Td B IRLAH S D ThH % MFmin % #4123 E S5 2 & I12L D, SIED X5 % pre-
o processing & L COFRMEIHILE AT LENTE S (b

3. AEOEED B, o B E o 72 BT RM MO e ) ISEEE (8)
FBOLHI, VFEDY)T—=FICHRTLES VT — KXGFEHVTH IVv), &B, Table 1412132 2 F TS

T D RmAED 01 D /NENH 0o, EWIZIZE 5724 LN ZHET— 5 DO RmEL Rtd EO—E A RT, T2

[Fl£RIZ (MF BRI il RM BEIT 24T 2 5 2 L VR Sz THho 7287 — 2 2 RIEL, MFFHOEEIZIE, 03<
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Same as Fig. 13, but for the Himawari CHL fine data around Japan (May 12, 2019 with 1/50° resolution).
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Unit is mg

m and the common logarithm is used. ~ (a) =10 (0.2°) and (MF, RM) = (25, 5), (b) W=20 (0.4°) and (MF, RM) = (30,
30), (c) W=30 (0.6°) and (MF, RM) = (30, 60), and (d) W=50 (1°) and (MF, RM) = (5, 160). The MF and RM values
are different from those in Table 11 in some cases, but the results are almost the same.

Table 12. Results of the optimum RM analysis with the co-use of MF, to the Shikisai SST data around Bali Island
(September 25, 2018, 1/400° resolution, 113°-117°E, and 10.5°-6.5°S). The data are those with the
stripes removed (7¢ in Eq. (A6) in Appendix A). The Rm averaged over seven W values (120 (0.3°)-10

(0.025%)) is 0.365 and Rstcd=0.061.

CASE WI20S12  WS80S08  W60S06 ~ W40S04  W30S03  W20S02  W10S02
Window () 120(03°)  80(02°)  60(0.15°  40(0.1°  30(0.075°)  20(0.05°)  10(0.025°
MFmin 15 20 10 10 25 25 25
RMopt 290 210 90 70 40 20 2
Edge Ratio (%) 344 5.79 6.89 8.60 9.78 1055 933
o Value 12.05 1025 6.72 593 449 3.18 1.06
D220 34.07 29.00 19.00 16.76 12.69 9.00 3.01
R=D /W 0.284 0362 0317 0419 0423 0.450 0301

Table 13.  Same as Table 12, but for the Shikisai CHL data (mg m ) around Bali Island (July 16, 2018, 1/400° reso-
lution, 113°-117°E, and 10.5°-6.5°S). The common logarithm of the CHL value is used. Rm=0.326
and Rstd = 0.085 over seven W values (120 (0.3°)-10 (0.025°)).

CASE WI20S12  W80S08  W60S06  W40S04  W30S03  W20802  W10S02
Window (%) 120(03°  80(02°  60(0.15°)  40(0.1°  30(0.075°)  20(0.05°  10(0.025%
MFmin 0 0 5 25 25 30 30
RMopt 290 260 220 34 2 7 1
Edge Ratio (%) 461 6.71 7.10 7.93 8.98 10.55 1031
o Value 12.05 1141 1049 4.14 334 191 0.80
SN 34,07 3226 29.68 11.70 9.43 539 226
R=D/W 0.284 0403 0495 0293 0314 0.269 0.226

— 18
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Fig. 15. Distributions of detected edge points by the optimum RM analysis with the co-use of MF for the Shikisai SST data
around Bali Island (September 25, 2018, 1/400° resolution, and 9.5°-7.5°S, 114°-116°E).  (a) W=10 (0.025°) and (MF,
RM) = (25, 2), (b) W=20 (0.05°) and (MF, RM) = (25, 20), (c) W=40 (0.1°) and (MF, RM) = (10, 70), (d) W=60 (0.15°)
and (MF, RM) = (10, 90), (e) =80 (0.2°) and (MF, RM) = (10, 210), and (f) W=120 (0.3°) and (MF, RM) = (10, 290).
The MF and RM values are different from those in Table 12 in some cases, but the results are almost the same.
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Fig. 16. Same as Fig. 15, but for the Shikisai CHL data (July 16,2018).  Unit is mg m * and the common logarithm is used. (a)
=10 (0.025°) and (MF, RM) = (30, 1), (b) W=20 (0.05°) and (MF, RM) = (30, 7), (c) W=40 (0.1°) and (MF, RM) = (30,
34), (d) =60 (0.15°) and (MF, RM) = (5, 220), (c) #=80 (0.2°) and (MF, RM) = (2, 260), and (f) =120 (0.3°) and (MF,
RM)=(2,290). The MF and RM values are different from those in Table 13 in some cases, but the results are almost
the same.
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Table 14. List of Rm and Rstd so far obtained for the SST and CHL data by Himawari and Shikisai.

Date Region RM or Co-Use Range of W Rm Rstd
Himawari SST Resolution 1/50°
Dec 3,2018 (100°E-165°W, 15°S-15°N) RM 10 0.541 0.091
Dec 3,2018 (100°E-165°W, 15°S-15°N) Co-Use 10 0.488 0.046
May 13,2019 (100°E-165°W, 15°S-15°N) Co-Use 10 0.486 0.055
Dec 1,2018 (100°E-165°W, 15°-45°N) Co-Use 10 0.389 0.049
Himawari CHL Resolution 1/20°
May 13,2019 (100°E-165°W, 15°S-15°N) Co-Use 4 0473 0.021
Himawari CHL Resolution 1/50°
May 12,2019 (100°E-165°W, 15°-45°N) Co-Use 5 0.440 0.071
Shikisai SST Resolution 1/400°
Sep 25,2018 (113°-117°E, 10.5°-6.5°S) Co-Use 7 0.365 0.061
Shikisai CHL Resolution 1/400°
Jul 16,2018 (113°-117°E, 10.5°-6.5°S) Co-Use 7 0.326 0.085
Rm<05ETH %, GORLBERENERT, 72, 0FDDIZLBSST &

%B, INFTWS72FT_XTHOT—4 T, RMopt 7 100
R ALY BKREL WIZBWT, RMopt i1 T RM
BN RN DA ZALILRL 2 TH 1), BV
KEZHEBEREY) LS L) 265 bHb, CRETOMR
MTIXENSDOHNDIAD S D% RMopt & L CEATEDS,
FEATBIELL RSN TB Y, 2274 ) OFFE#EFE b > -
TIwbntEzonhb,

UEbhv)-LEI, SST-CHL ks

UFEDbH L LESVIIFTRRENSRKE SRR D (1/50° &
1/400°), 72, #iREE & BELEE R & ) HEN S,
Ty N LTOT =5 OREFEDRLZ->TED,
WHE DT — 5 OB D L7 CTH 5o — 72T 7 —
5 OIEIIARGGEORGICH Y, Tz, el RM AT
ELEEND DS, AREITIX SST IZOWT DTy VST

(a) HIMAWARI SST 01 AUG 2018
42N

0€ 141E  142E 14 144E 145 146 147E

CHL 57— # 2:5 O/ L v ¥ Mo e b /=3,

1. OEDH-LEZIWVWSST F— 2 DLEE:

[ B[] — RS CoOMET IS £ A SST 77— % Bk, KO
UK B Ly U RIS R & T % 72012, Fig. 17
& Fig 18122018 4-8 A 1 H, 3 HOBILME L To
SST R UM T v YV DG AR T OFEDH) T —% (a)
(G FRBE 1/50°) 12k LTl w=30(0.6°), L& ST —7% (b)
(53 fRAE 1/400°) 12K L CTld W= 60 (0.15°) T, window D3
AT = E LTL, BERIHED 14 THL, TNHDT—
513850 RM FRIT & 1T - 72 D Tld 7% £, preprocessing &
LCTIEMF % 5[, RM % 6 [m#NT723 D TH DA, W
BT ORFOFER L FETDOTI ZITIRT,

Fig. 17, Fig. 1ISO W2 & b, B O BE K 25 37°N,
449E T E T EL72RICH T LTEBY, S5
AIZIB>T3ONAEE TA MY —<IRIZEI Y AA TV

(b) SHIKISAI SST 01 AUG 2018
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Fig. 17.  (a) Himawari SST (1/50° resolution) and (b) Shikisai SST (1/400° resolution) data on the same day (August 1, 2018)

with the detected edge points superposed.  #=30 (0.6°) for (a) and W=60 (0.15°) for (b).

and RM 6 times as the initial smoothing for both cases.

MF was applied 5 times
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(a) HIMAWARI SST 03 AUG 2018
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Fig. 18. Same as Fig. 17, but for August 3, 2018.
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Fig. 19. Zonal SST distribution along the 38°N line in Fig. 18
with Himawari (red) and Shikisai (black and green).
Two-directional arrows schematically show widths of
two main fronts. Closed circles indicate SST pixels in
contact with the detected edge points (substantial edge).
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Fig. 20. Himawari SST and detected edge points around the Indonesian Seas (May 13 2019, 1/50° resolution). RM was
applied 6 times as the initial smoothing. (a) W=60 (1.2°), (b) W=45 (0.9°), (c) W=30 (0.6°), and (d) #=20 (0.4°).

(E) CHL and Edge Points RMO6 W30S03 13MAY2019 (l-)) CHL ond Edge Points RMO6 W20S02 13MAY2019
"3 :

(C) CHL ond Edge Points RMO6 W15502 13MAY2019 (‘_j’ CHL and Edge Points RMO6 W10S03 13MAY2019

A
g

Fig.21. Same as Fig. 20, but for the Himawari CHL coarse data (May 13, 2019, 1/20° resolution). MF was applied 10 times
and RM 6 times as the initial smoothing. (a) =30 (1.5°), (b) =20 (1°), (c) W=15 (0.75°), and (d) #=10 (0.5°).
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Fig. 22. Detected edge points in each panel in Fig. 20 were superposed on those in the corresponding panel in Fig. 21, with SST

(blue) and CHL (red).
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Fig. Al.

Stripes seen in the Shikisai original SST data (July 31, 2018 with 1/400° resolution).
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(a) The axis of abscissas extends

along the satellite orbit and values of abscissas and ordinates are arbitrary. The stripes extend along the satellite orbit.

(b) SST transformed to the latitude-longitude coordinate (115.4°-117.4°E, 8.2°-
along the red vertical line in the central part in panel (a).
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T2 () + T3, Y).

Ly, Ly (2t L CHiA Ol % 5 2 TR~ £9, M
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Fig. A2. Three Shikisai SST components and the corrected SST shown in Appendix A. (a) Stripes 77 (p), (b) small scale dis-
turbances 72 (x, y), () large scale field 73 (X, Y), and (d) corrected SST after stripes removed 7¢ (x, y, X, Y).

(a) Linear (b) Log

Chi-a Concentration (Monthly Mean) Dec 2015 Log of

Chi-a Concentration (Monthly Mean) Dec 2015

Fig. A3. Stripes seen in the Himawari original CHL coarse data (monthly mean in December 2015 with 1/20° resolution).
Unitismgm~. (a) Linear values, and (b) common logarithm.
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(b) After Correction
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g

i

E
-3
&

L

TIME (MONTH/YEAR)
§

TIME (MONTH/YEAR)

£

§

LATITUDE

Fig. A4. Latitude-time section of the Himawari CHL coarse data along 180° with 60°S-60°N from July 2015 to July 2019. (a)
Original data (CO) and (b) corrected data without stripes (Cc).

CMm=[Cm (x,y, X, V)[*=Cml 3+ Cm3 (X,Y) (A13)
CLm=[Cm (5,3, X, 1)Y= Cm3 (X, 1) (A14)
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WTIIRED Z EAE 2 Do 1 IRIED GF 13

g ()= 1/Q2nc*)"? exp (—x?/ 26%)

1 S5f <
mﬁiba?ﬁ?kféﬁ,
N B OBEFEN TS LD g (0) 2 REED 5 DI/82A 7
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FTHMZ 2N, BITICBIL2ENE) 22008 D
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(b) Zonal Running-Mean (CMim) 10JAN2016
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Fig. A5. Himawari CHL coarse data (January 10, 2016 with common logarithm). (a) Original data (CO), (b) 1-dimensional (X
direction) running mean of temporal running mean values (CMm), (c) 2-dimensional running mean of temporal run-
ning mean values (CLm), (d) stripes (C1), (e) small scale disturbances (C2), and corrected data without stripes (Cc).

MaxZOTFTOITOFRBOMEIZHZIETTE LH50I2 Ao n FHOITOLE () 226 r FHOEMEIX, n—11E
L A=A TH L, 9FTHEF TODH D% Table Al 1Z7RT 6 DLONE r—1 D L D EHY B AT

BATOEHNIATE S — 1(n — 1) DREED I8 BRI
BT B b WEATTIE 1-2-1 BBEREI A #N T 22 (V)
SIS 2 B A IINED S % £5 o FEO N ISk 2 THY, T nfTHOBOBME 2 TRIMN L. N

Gy = (=D (=)= 1) (A19)

2(0) DIk, NISHIET B FOWIE (1) & 20fF0%e A AT, N=@-12, $7z, PREOIE
BB THo7 b DL D, —SAH N O= IO 25 )2 HHTHB25, n— 120N, r—1=(nty2-1=N,

Table Al. Pascal’s triangle with the first nine lines.  The ’th sequence corresponds to the (z — 1)’th order binomial coefficients, and
the sequence with an odd line number (n=2N+1, N=1, 2, --*) corresponds to the weights obtained when the weighted
running mean (1-2-1) is applied N times. The central value of the 1-dimensional Gaussian filter (Eq. (A18) in Appendix
Q) at x = 0 (g(0)) corresponding to N is expressed as g(0) = A/B, where A = ,,Cy =(2N)!/(N !>, B=4", and finally &

1
=—==——_. Theval f A4, B, g(0), and o for N< 4 Iso she Table 6).
\/ﬁg(O) e values o 2(0), and o for are also shown (see Table 6)

1-2-1
Line  Running A=aCy gy £0) .
No. (n) Mean Times =Ny =A4/B
o)
1 1
2 1 1
3 1 12 1 2 4 0.5000 0.7979
4 1 3 3 1
5 2 I 4 o6 4 1 6 16 0.3750 1.0638
6 1 5 10 10 5 1
7 3 1 6 15 20 15 6 1 20 64 0.3125 1.2766
8 1 7 21 35 35 21 7 1
9 4 1 8 28 56 70 56 28 8 1 70 256 0.2734 1.4590
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KW n-r=NTHhY,

A=,,C = nCy=2NV)! /(N!)2 , B=2"" =2 =4N,
(A20)

%of,mmmm,F;@iE;K;DNKﬁﬁéaﬁ

KFE Lo Table Al IZIZ N=4 TP 4, B, g(0), L 6 7R T

FRICEY, NIZHT 5 0ldREDLD, HIZoh G2
SNTHAIINZEERDLZ LI TERV, glINIC
xF L CHFEMTH L DT, FONIIHT 5 o D—EF B
Z X Table6) ZIER L TBE, G2AbNelTHNE
RKOIUL L,

132D BAET v R TOEBEDKDHF

TuY MO OHENE, RS THENE ) hEET 1
DOINT A—=F IR VIEAWRESEDSH Y, M7= 71
LEINLOT, FEZEURLRLEVWT Y VHET
DFREER RO B FEERLUTICEH T, &E 7 LIVALE I
R ERATEREINTVLLDET S, $72, b
PREE L X D EEN TV B IGEIE—FE L D 5 W I Esh i
L35,

B, TOFETO [Ervi] L) HEIL, SST A8
EREENTVLEEOE 7 LTI R, Ty yaLlL
TERINDL LI %, 4DODSST ¥ 7 L )VIZ X BHIUMATE
DOHLNEZERT b DET 5,

O ® G LT DHEBOEERIZ D) 1 DO T FHIH-
¥ EVEIL, FOY 7RV EFLE L TCHEERE
JbFzNZIC L OFHICAD Y7 v ETORMEE
BECBY L C, BRE=ZMAEIC L AR HWCEHEL
2 KTTACE (AG) & LTIRIFS %o

cos X = sin 6, sin € +cos 6, cos § cos (¢ — @) (A21)

Z 22 (O, 00) BTF (0, ) (EHLEZ RV DY DY
7N D (REEE, FEEE), XI1ZZ0 2 mATHERTLLII
L TS 4 (radian) TH 5o 2 S OKHEEE (@)
ITHLER AR Re &4 L d=Re X TEINDLDS, cos
XOFFHRAETTL V. (72721, X=0 Dl cos X=
IR T, XT5bLHEIIKER513E, cos X
FH)

@ Ty VEPEFIE FTOI v Y EOEE @) 5t
59 % cos X DELH A@Gy) = B, ZOT v VEOH
DOZREE FER - 2T, Ty VETHRWA)
IZcos XDIHEFLAT %, L, MOy TEMNED
AF ¥ V& o THRICFEA SN TWIUE, cos X DK
EWH XD/ OEEZET

@ TRTCOZYIVEDPLDAX Y VP bol-dh &
BRI LN KE 7 BV TD cos X (RAMHE) # X
(=cos'(cos X)) IZZML, d=ReX L) T v IHZET
ORGHEEd D RE D, —EDLAF v ¥ ENH\VEL

Rd>LOBEE, LE7203E0EE 5,

TR E ER/INNT X -2 EBHD—F

SIED single-image edge detection algorithm P,

MF median filter DM, 3x3 D E 7 L)L D HL D
fiti%, Z o 9 i@ H JHE (median) THE XX 5,
72, BBEBOZEE MF) & LTH .,

MFmin  ¥##/N MF A5, MF & RM 2 BFH 3 53546,
MF % 52 HN T 212 RM 2 8NT 525, MFmin
[ % 2 T MF % #F 728212 RM % #MF C
b, RM [IEU xS 5 = iR 022k,
MFmin FOZIZRM Z#NTF 256 L 138 A
EEDL RV, fEo T, E R MF E BT
MFmin TTreE2 56N 5,

RM 2WITD 33 ¥ 7 It B, (1/16)%(1-2-1,
2-4-2,1-2-1) OINERE TS, 72, BB
DERRM) & LT LR,

RMopt  #ix# RM A1 %, 5z & 4172 window & (W) &
MF B0t LC, Ty Vs E gk
1255 &9 7% RM AR5

GF Gaussian filter D&, 1 K ICIE (A18) 3, 2 KIT

& (8) o

o Gaussian filter D4HL, & 5 W ISEH#ERZE,

w window Mo HALIZE 7 £ )Ve R Tl itk
&b [H UAHZ$R

S window D9 5 L, Aaw# TlAithi s 1 U
(k7

STN signal-to-noise fto 5EF%IX [SIED (2L 2 710>
Mg g, (6) o

D Gaussian filter ® £ 3 28] A 7 — Vv & L C,
e-folding A 7 — VD 2fEL L72b Do T2 5,
D=2J2 0o

R window i (W) %89 % D DL,

Rm, Rstd R D, WD L ¥ V25 Il & iEHEfF 2,

Te, Cc LESWSST RO FH Y CHL THakiks %
M L 7oA il

152 F 7075 LOFAICEALT

AR CYERL L7y DT 7' 0 775 2 ENLIFER
SR N B R OS2 L 2 ATH Y, D
FIFICE L T TRtz zslBo 2 &,

z £ X ®
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