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HRUBE X IR &R 48 MCS  (Mesoscale Convective
Systems) J&JE B RN . VKBS A5 5 0] it K Y 1 22
R, © R EARE XA (Biggerstaff 45
2017; Clavner 5§, 2017). il —A7KFEH 1
FVECH T oK A B =10 m/s, T AR ILFIA
B2 iR b T DXRR Ry X AR (OURR i
#%) (Novo %5, 2014; Gentile 55, 2014; Crosier
G, 2011) o X URAZ & MCS X 3 1 8h 1 BR 1 &
g1, REIAZ AN 7 B 3 E AR A I R X
Bl T BR W BB 4 o TC e S PR H A R X it RDC
(Rapid Developing Convection) £ Il i J& #] 4= X it
CI (Convection Initiation ) A& I #BEE A X i 2% 46 )
Sy AR, RDC RN C A G 0 JH: S A 2 A 0 % 3t A% ¥4
4y (Cintineo ¢, 2013; Bb’ing%@f, 2012; Behrendt
4, 2011),

VTAER, A AR 2 fi T B B A 0 %o A 1Y

Y iE HE: 2019-01-29; FENZAR: 2019-08-05

Jrik (JEMIBR %, 2015; B I5{E, 2017; Protat
8, 2014). BEAh, A SRR BT S
T, WEEEA T . R T AR 2 0 e
TEARIRZS Bl [ Ak 7 2 fet ] — A i Tl 4k T A
R DU X A%, EL R 3% T s B I ] R 2R R LA
(Thomas 55, 2010) . ZLAMHIZK I 38 Y 58 i 22 7]
PLHIRAR R 2= A GBSO RIS, 2018) 6
P43 BE 773 SA - (Source Apportionment) fiff 57 T X}
VAL A AR i R I AL, O TR TR e ) R
A0 0 MCS  (Shukla #1 Pal, 2012) . TOOCAN
(Tracking of Organized Convection Algorithm Through
a 3D Segmentation) J7 15X £LAMNEMG HEAT XA R GE
KB 3 4 4y E) 36 AR AL B (Fiolleau I Roca,
2013) o ASied ik AN 5 AR A B S I [R) )5 A A7 AR
—Egk g, Mm TRGORES G RAH RS TOR ]
LRy X6 2z PR ) R B2 e A O 9 B AR T S 1Y
P % (5k FE M S5, 2017) . Chasteen %
(2019) HHIF RV . 2347 017 22 X 4ERF MCS A=

ELWH . HFEEKBHECHE L (455  E0310/1112/02-1) ; 7 5 24 BHE B0 H (45 :202102210158) 5 7] [ 44 1o 52410 15 BHE
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i JE RN AR R B AT TIRABESE . 2 HE
B XTI 2 O AR AT DA FY-2E L& = Bl i#17R
B g syE (35 4%, 2014).

ok i R OB U BR BR ORI B4R ETITAN
(Enhanced Thunderstorm Identification,
And Nowcasting) 5 ¥ TP A 180 {42 50 % i 4%
YERR A LEJSUG B9 TITAN J7 8 (Han %%, 2009) .
B2 i T XA RSP, R 25
PR UERR RN ZE R . R DR RR TR 2 N AE AL 1Y
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G ARAR I B R R IR G IF R, %07 2 pg U
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[ R VAL S TN S S N R AR R R S R N2
TERE

e W & B % % RDT (Rapid Developing
Thunderstorm ) J5 72 {ff F 45 1 ke 5 F1 28 55 1 ] - 1)
SRATL RS (Météo F, 2013). RDT J5 ik e HATEL
SRR AR AZ IR T s, %07 R R R L X
15 min IR [i] [7] Fi 19 065 378 S 00 5 49 2E 47 e 3 FU41R
RDT J5 k2L 40 38 15 8 1) 36 O7E 22 0 i A i .
iR vk S i e Y A T S B VA K £ )
o ZITEFRIFHLAT 5 ARSI X A% -

(1) T, RSB, —BIRE-55C;

(2) T, AU A A 2 it 32 B, — e
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(3) AT X ARTEE B 7 1) b i I A (R
IR, HUE A 1C;

(4) AT, 05Xk it AR AR A I 26 25058 3] 1) i /)
T2, BUEH 3°C;

(5) A, xR AR /NI AR S, 7R404h
TBREZE E—BR—MEIT RN,

ETITAN J7 ¥ ] 1 808 252 vh i J6 b A i
M AFERAE, A ROHIX 5; T AR TR 2 . RDT Jrik
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A P B i (% N =1 A a1 T DS R A S
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BEOXF DA b M), AR SO Y —Fh R T H OB
75 Jo 1 SR IS 1 0 U A% K 7 v HTC (H-maxima
Transform and Clustering) . 1% J7 58 SEH H HA K
(B 4 7 BRI S AZ B i B T i 3
ATl i D0 Xk A <08 10 A - R AT R 2 IR i A T
Fric, AR o T AR FiE . SR )5 FIH X
WG T B AR O S AZ IR A3, SR A I U DU e
TR AERKESCE 5 AR T A9, B
LRI o

2 HTC ik

2.1 THAREIE

SR T E AR R AR, RIET FY-2F
SR PAE. FY-2F KRR D AEZEN T 112°E 478
25, 2012-01-13 7674 8 AL & 5 bt & 53 i
F 1 R FY-2F G TR AR S S 38 3 1) A N 2s
4332 TTLAE B FY-2F 3 5 R [R5 Rl
(I IE , 4 L0HMEE )2 [ 5 HER N 5 km, 7]
L 38 T8 B o FER A PR, 2508 1 km TS km,
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R1 FY-2F DERGLIURSRBIENRKINZESHE
Table 1 Wavelength and spatial resolution of FY—-2F

satellite imager radiometric channels

Wi WIE £ FR PR/ um 23 (6] 3 4 /km
IR1 21 A1 X3 10.3—11.3 5
IR2 21 A1 X 3E 11.5—125 5
IR3 VI SERTIRT] 6.3—7.6 5
IR4 FSh AR/ STBI:S 3.5—4.0 5
VIS A D' 3 0.55—0.90 1H15

22 WARFE

HTC J5 12 25 T HAR R AR 28 4 T3 7lx] Ao
5B IF RN REOCR, I W SO B b
Wi 2 I, X A SRR R A% o BT 407 ik
BRI AR P A & 1R s o

HAEA—, =
T, >241 KR,
70
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HEIFRE
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Fig.1  Flow chart of HTC method
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RN SR N[ AL S5 N = B e S RN = oy o
B BIE R, IZBIE PR 20 2 0GR 50 5 PR
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¢ W 3 12 18 R 3 T LA A5 20 o v A 1 0 A
T SLAS H0.03 1] LUK pSOR B b 1400 B
A, B 0.03 15 S0 4 A 5 0 S AR B E
12256 R Y H AR KA AR e B AR B0 i A 1 A
H B K E A8 4 2 30 % B 5 2% (Najman F1
Talbot, 2013; Serra fl Soille, 2012) HJ—FhH A,
T IERES LR AT IS5, TR AR R G S A
MR R RN, BT Ab B S a5, Tz N
T RGO E . R AR AR S . % 5 ik AT LA ol
JREE U A /N T 55 T 45 2 A A AR (3X
MBI P g Se ) o HAR KA e S
HMAX, (X) = R}(X - h) 4
Kb, XFRIREIRLIMNEMR, hRRBE, RFR
RERK FEAS . HAR KA AR e ] DLk B /e ] — X A
A SN WO R - S D1 A 3 S BN [ REAE S/ 5 N
Ty FH 28] XoF 8 BEL ARG I F T LA sk e AR LB 43 S O
55 DX A A AR A AR AR A
2.2.3 PEARETTE
it FH /322 3 Ja 0 il e D) ek A 08 ) b g A T
RIFHHRIFARIC, FRicfa R T S 7% .
] — A3 W N R E AR IC A, XFEREX T
ANFE T B tric BUG AR LA %R, &

I, (m.n) =

3)

cc



1026 Journal of Remote Sensing(Chinese) i 2 %4k 2020, 24(8)

PMIEEIA (p) (REGHE p hES, FEIRNT 2%
FEATFFER, LA (p) B EFALM: (1) 4
RpeF, LA(p)=0; WMR peF, LA(p)= o,
(2) MHALY pe FHqe FFER— 2@,
A LA(p) = LA(q); &N, LA(p)# LA(q)-
PRGN, B IR LR N
() :{00, Vpe F
0, VpeF°
SRIG, FEREARIZ >0, M MR FE kA
LA (p) = min{LA” (p): A: L (p)}  (6)
Arf,
Ly, (p) = min {LA""(q) [q = (x, + by, + ) € F} (7)
AP, AR AR, O L S
IR A AR
R AB AR T 7 T L RE BRI T AR
50 2211 ELAEIX 43R [ 56 %
224 HFEM

H5 H AR B AR 6 3 1 0.03 B 4 B 7 45
YERFI IR R T . LARIGR 1 Fh 8 R 3, Of:
S o A B R A R TR . SRR Bk Ak
FESCAN,, R ESOS AR A IR, T
it FH 65 I o U] ) ) A b R S T A OE
HIFENE S

)

R 1, merge=v ®
"o, Jf
Krf, 18R E7, ORIRAEIE, merge FomGIT

YHC, o FR AU A
3 SRER S0

31 HEIRBEEFI MR

Pl 2 Ay %o A A A ) 91 PR 1 A S
By B 4 Sk U8 T FY-2F IR1 38 36 , B ) B S
2014-08-27 0500—0800 UTC (Coordinated Universal
Time, PRETEFES) H3A/NEE, KA FY-2F 24
£ 6 min P2 AE— W, FTRL 34NN 3R 30 0 1%
T 2 7 I [R) PN AR S AR AE AR AL/, AR50
W, U, e 6 i ] R) BE 2k /N Y TR K
B2 EUR UL HTC 5 78 e 9 B b B Rk -

ME2 AT LLE W, B IE BRI & 2%
¥ (ZLAa3R o AR 2] B X A% ), BLFERIAE . AR

PHIH HLSE MCS 2 A A i, BRI A
AATR], B i E] AR, B — R 1] X A B T
LN IPANANE & 15 1Y-aa S R N 3 S e
KR, A RFHABA BRI XS I, A RITE
Hoe— M ZIHHL, AR A X, BT HTC
T3 LA MCS AN [ A i J 30 B B3 47 R v ot Az )
X B2 (a) 2 6 R oAl & 0 A% B i
ZH—A, KEAETRIEME R B, #2 (f)
X A B B fe b, I HUORES Ak T B B o
TR AH AR AR R AL AR B A 20 RE A B, 2
JE Rl R RS, SRS R AR AR T RE S K
ARG FIRE, IR MRI, BAXS
T AT RE T 2P A

(b) 0530UTC IR1 EIf%
(b) IR1 image at 0530UTC.

(a) 0500UTC IR1 %
(a) IR1 image at 0500UTC

(¢) 0600UTC IR1 ElIf&
(¢) IR1 image at 0600UTC

o
(d) 0630UTC IR1 &%
(d) IR1 image at 0630UTC

e |
() 0730UTC IR1 K14
(f) IR1 image at 0730UTC

2 TELLANEIR RS LR S

Fig.2 Experiments on IR image sequences

(e) 0700UTC IR1 &4
(e) IR1 image at 0700UTC

32 5FEIEHEBEIXTEE

Xf 22 H8 22 i R AT IR B AT b . £
TR PREL L AL R R 0 A AL S SR AT S0 88 B IE
Yo AIERE] A 2014-08-27—28, SEZ5G X4k 112°E—
120°E, 27°N—35°N, SEHdE R FY-2F T2 5
MZ TR HERFOR (HIAELDE, 6 min ]
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Vi) G ) R ML TR X Sl R (R E R AU
K. L A, K3 (b) I3 (d) BRI
2014-08-28 0530UTC #1 2014-08-28 0954UTC,
R £ nEANENTR, 2aEsE&/
DL, s A N LI /N R X (7R
T [ 0 0 A T 3 1 T ARUAS 31 RO ) 1/4) .
K3 (a) M3 (¢) SAXF R A IR1 8 18 214
G ST R AZ ARG I &5 5 . 25811 R 1k e RE Xt
Fe, B3 (a) A DN I8 B A A 1 26 24 86.2%
B3 (c) s i B AR A R 200 87.1% . il
i AN UL ARSI 25 3 AT e nT A, HTC
b RIS EORO RN SRS ESEENR wallESE - o N U
B, EERRE R, NIMESUE T B4 5 2 A 25 .

(a) 0530UTC IR1 B
(a) IR1 image at 0530UTC

(b) 0530UTC & ik EI%
(b) Radar image at 0530UTC

(d) 0954UTC ik %
(d) Radar image at 0954UTC

(¢) 0954UTC IR1 B4
(¢) IR1 image at 0954UTC
K3 SEREEX

Fig.3 Comparison with radar data
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DU 5256 0 b A HTC 5 i e N [ 38 19 4%
PE, ATEIEEIE T FY-2F 5% TR IR1 3 F/K
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El 4 (a) A 2015-05-19 0000UTC IR1 i i K
EEEER, AILUE AR Z DXk, K4 (b) R
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o7 38 T8 X I AZ AR I 25 5 (L0848 ) .

(b AVCmItE

(b) Image from water vapor

’ (a) IR1 ‘ﬁ‘ﬁ&‘lfﬁ

(a) Image from channel IR1
channel

(d) ZK P B S22
(d) Experiment result of

(c) IR1JEJE g 4h
(¢) Experiment result of
channel IR1

water vapor channel

P4 TR EIE ALK YR 8 S50
Fig.4 Comparison between channel IR1 and water vapor

channel
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ETITAN J7 {456 WA B DL SO 28 2 BV E R XF
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BOTRSR) o KRS R A IR R AT AT LSS
JIEHTC 5 I 7E R MCS A= i JRUI A 280k

Kl 5 29 HTC Jr5 ¥k 5 Ho Al J7 % (9 e A 45
K5 (a) J2Al & 2 MAHAR A% AY TR 138 18 K 14
%, K5 (b) MRS EG, hTPASCT
T T U DU ) DA 8 e AL R R R AT,
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R, ARG BE 5 A UAREE BIAE, T RDT J7
EAR L BB T A TR R, B A
P etk , AHZATS SR AN RE HE AR X 43 AH SR A% o [FI AT,
FES (b) el BRSO 24T LB LA
A 5 A S DA B o) A AN S8 B Bl AT DR R
B, ASBEME M Do AR XS A% . RIS R b 5
JIE 4 O v e i SA U7 i, LS () iR,
2o b A DX IR 0 3] e o g A DI, T AR A iR
PEATEUER HAT R 7 KO * ez, B 07 K
ik, MLLZ T, HTCHE (K5 (g) ) kil z)
W — [ — R X IREAZE DX 3, G T 245 % T A

e VR 1 2 0L DX S8l RN 21 A0 RS %) B/ 5 iR
BYUIMIG, XS/ N SE R A A HTC 7 s T H 3
R R AL o b s i\ 3 AT 2R
KIC WA R - o [R5 O o 0 )
B B e R i A i S s R R
5 V8 = TRIX IR AT e B B, HTC J7 ¥ A6 ) 2
Y XoJ i A% DX 3R B ¥ 2 T DX S e AR — 3, PRl
YO UE T 125 1% B VB RS I X i % o
3.5 FUBKRITEWIE

3O — R UE T R SRR T . AT R
K% POD  (Probability Of Detection) . Hg i
K FAR (False Alarm Ratio) Al %t il 3 45 %% €SI
(Critical Success Index) 3 ™48 br i AL P4k X 26 7
o W EIR AT

POD = - —— 9)
_f
FAR—h+f (10)
h
C$:h+m+f (11)

P, R IR E 8 A XA AL, fRRAN SR
Xof WA AEL G ) HE X A% A B, m R AR S
XL AR AR AT 2 (%)~ 4. POD. FAR F1CSIf#
BAIILE T 0—1, POD H1 CSI B B A B4 0T 1F

B, FAR BB/ N BT TR A P o A 25
SR 10 P ARCR B0 2 AR AT R B4 G ARE AR K )
R

(a) IR1EIE K% (b) =R E%

(a) Image from channel IR1 (b) Brightness temperature image

() BH 7L
(¢) Threshold method

(e) ETITAN J7 ¥
(e) ETITAN method

X%

(d) RDT )7
(d) RDT method

(f) SA 7k
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Table 2 Assessment results from different methods
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SA 32861 5799 9268  0.85 022 0.69
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Table 3 Comparison of different methods for computing
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Detection of convective cells using multi—channel satellite data from FY-2

LIU Jia"?,LUO Xiangyang’

1. School of Information Technology, Shangqiu Normal University, Shangqiu 476000, China,
2. Zhengzhou Information Science and Technology Institute, State Key Laboratory of Mathematical Engineering and Advanced
Computing, Zhengzhou 450000, China

Abstract: Mesoscale Convective System (MCS) is the main reason of formation strong convective weather. Therefore, it is quite necessary
for us to study the evolution and characteristic of MCS. Adjacent convective cells cannot be well distinguished is the main problem in
convective cell detection. To address this issue, a new method is proposed based on H-maxima transform using infrared and water vapor
channel data from FY-2F meteorological satellite.

Firstly, Pixels with bright temperature greater than 241K (Baseline threshold of convection system) were removed and normalized to [0, 1].
Secondly, H-maxima transform technology was used to extract seed points of convective cells, and a new criterion for connected domain
was designed to cluster adjacent seed points and mark them in order. Finally, a new merging method was developed to make the seed points
grow or merge with adjacent seed points.

Experimental results on satellite images from infrared channel and water vapor channel show that the proposed HTC method efficient
and accurate, including initial, mature and dissipation stages of Mesoscale Convective Systems lifecycle. This study showed that the
proposed method has a considerable application prospect for detecting convective cells in the field of meteorology. In addition, the proposed
method is not only suitable for detecting single convective cells, but also capable of multiple convective cells detection.

Key words: remote sensing, convective cell, convective core, H-maxima transform, clustering, FY-2, seed point
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