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HEME B C A, KT BREM KRN

IND(B) = {(z,y) € U x U|fy(z)
:fb(y)afOTbEB}a (14)
AW, # (z,y) € IND(B), WX Rz, y E@IEEB
RN I EAN AT X 431,
3) BIEAUAITRIEARL %X CU,BC A, WX
X B FIERLB_(X) AT SCH X Tl & 1% T B
T SN R IR 4R, B
B_(X) =U{[z]p € X}
B B_(X)={z €Ul[z]p C X}, (15)
X XF B Bl B~ (X) /@ RS X A8 & AEE 1)
KT BRI S R IF4E, Rl
B7(X) = U{[z]sNX # 0}
B B (X)={recUl|lxlznX #0}. (16)
4) 15X A RS A
WX WX CUBCA NREXKT
JETELE B il 5 X € A
BNp(x) = B~(X) — B_(X). (17)
FREEE: 47 BNp(z) # 0, WA BNp(z) &% 5.4
X KT IR B RE4E.  HH RS 48 5 A & o
Kl 13 .

RS RAEHCE P R e

930 L ARFAE SUERHIE

0°CHIZ —20 °CRZ I RAEM

WE vE WE EE MBE WL MRtE R SR R

12.02 1.913 0.010 2.071 0.064 1.574 0.0403 3.117 0.647 7  3.8079 3.75 6.75 11.56 UKE

11.21 1.203 0.649 2.649 0.068 1.057 0.0273 3.059
11.607 1.402 0.119 1.933 0.054  1.197 0.0322 3.174
11.189 1.101 0.583 2.486 0.062  0.989 0.0259 3.023

10.869 0.579 0.239 1.804  0.089 0.741 0.0225 2.653
10.631 0.279 —0.07 1.979  0.136  0.876 0.0148 2.348
10.942 0.532 0.089 1.881 0.121  0.652 0.0233 2.468

0.7234  2.7162 3.98 6.86 9.71 UKEL
0.6753  3.0062 2.96 5.82 5.97 K&
0.7088  2.5072 3.69 7.06 10.81 IKE
0.7518  2.2389 4.30 7.64 6.53 F
0.7074  2.1647 4.99 8.69 9.15 3]
0.7662  2.4601 4.86 7.89 6.57 T
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| _ KA ST, 362 MERIRBEA, B4 R
| B By ST BB 6.
1 s AT AT AR, KRS AT 4 P A
N BRI (KIS MR 11 B RSk
S . ERRAE, BRI AT R, 1L
i ‘ e AT e S 2 1 2 R AL, o 7 A

Fr s pe o RIey, B 80 1 24 & v A g v
18 27, AR H Johnson B934T g 3 R 20 147,
I AR BRI 2, r 3 182 2% M U, 5 43 A U 4

K13 HREEB SR EE

7.2 BWEBAEST

6 P,
P T PR S B AT SR A2 0, W S 22 Ko, B AARE DN EAEE, 5
X EHRE AT Bk, SO R e 2 M I U — BRI A, B BRI SR =By 2 SRR A g
Y0 [ U X TR AT I 4y, B — AN KIX )4 3+ A UK B AR BN 2 A AN, &5
ANINDKTAL. AR SR PR S A0 A 7 v — ] — BRI 1% S R A B 2 ST RE AR )

1) 10 M B R B AR R B R B R N RIE B EeAg. DA A s f — TOURR TN A 43, %ok 00 0 3 1 At ek
PEAE AR 15 2 I ke, B MR EEAS 5 S kAT X WR: 24 Variance (7 Z) £ 0.5118 F10.6217 2 [A],
[, AN X TR 60 23 AH R B AR AL Kurtosis (U§ ) 7F 2.1993 F12.3479 2 [, 5 24

A% B85 AN UK B i B A 81 A R W O FR 3k FEARNUKEL, 16 MEAN TR, W2 1% F M REA
1206 MEAEARE, FEALEDIL R 70% L 844 M AL 184, HEFEAEL 2.13%.

®6 B bR

ARSI ) SR A B

R XA 7B 2E B (7
% fF e Py PEAE R /%
Variance € [1.35423, + o) 134 6 16.59
0 °C ¥ € (3.70, 3.97)&ENT € [3.037, 4+00) 39 0 4.62
Kurtosis € [2.1993, 2.3479)&GM € (—co, 2.0361) 0 24 2.84
Variance € [0.5118, 0.6217)&Kurtosis € [2.1993, 2.3479) 2 16 2.13
(WA
7.3 REFE 4) B W A A2 7 hailstone fl rainstorm [ K

/IN, # hailstone>rainstorm, JR 725 B ONIKE; 25
s B = SE 7. — Eili ol N . N
EEXT 7.2 R4S BRI, SR FH bR RS Ty rainstorm>hailstone, M i 5 45 B4 R & %A

1) 5 LUK AN W % 48 & hailstone Fl rain-
storm, J HIFHIUG1L N 0; .
’ ’ 8 WRAZEREHH
2) S AU R R SRR A T B 8% TR AR B0 8 g %J " R L—j]j )'/l'
3) W 2) HRFIE B K IR 5 B MR R R 432 TR gE BT G b, KRG ¥ LB E S

FUNBEAT VLS, DLRECE AR b, AR AT & 250, A 1 # (percent of doom, POD). % % (false
¥ RHS Support H1 )R < VK8 5 2 8 K H 7251 alarm rate, FAR) Al A BT F5 %L (critical success
Jin#) 4% & rainstorm il hailstone I, 75 W1 B 4% kit index, CSI) RHAT VP, LLUKE RS AHI, X ar

ASHEIN FERS T — 2% B AT VLS, B2 4 f MU UL | FORE R TR EUE (AT,

R R A
POD = —— TRAGH (18)
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RN VKB R AL

FAR =

(19)

AR B VK B A A EL + RN UK B RE AL

IERR IR AR A2

CSI =

VKRB BH + B RRB UK ERE AL

A Ar % POD, Al HFIE =1 — POD.

AR 362 AN MHARE A HEAT T, 7T RAfS
FILLFEE R 179 MKEREA T, GBS IE#HR A H
1674, POD = 93.29%, FAR = 10.69%, CSI =
83.92%; 183N Z: AL A, BE% IE 1 H 163
A, POD = 89.07%, FAR = 6.86%, CSI = 83.58%.
CEGPIR R TIRE I, AR B RE A L 323
A, POD = 91.16%, FAR = 8.84%, CSI = 83.76%,
WK 7 FiR.

x7 PHIER

POD/% FAR/% CSI/%
WKE 93.29 10.69 83.92
T 89.07 6.86 83.58
ety 91.16 8.84 83.76

FI AL 88 10 PUP % St X6 A% SC I Il A A 3t
TR, 4t 4558 8 POD = 91.89%, FAR =
85.77%, CSI = 14.05%. Ff& 5 PUP R4St 1t
SR GR 7T RUKE G RAAT LRI, AR I
e R EAE G PUP & 40 5 506 & T A S5 %,
IR E R & T A, I NGEE RIh e 2
FBE T, ASCOTEMR AR, SRR T 16 4
PUP R4 7.

9 % #

AN KET AL G 1920042010 H /9 7 52
PR, % U85 AN VKR I R R 81 A B W I AR 3k
1206 ANFEA (MHARAEA S ZREAR B 2 X)
TR BEAT A M AL B W AR B DL R 458

1) ¥ T A B B I S S 2 e B A R I
R, I HAH EGRRE LB 0 0 R ok
B AN W IR B — T A ARk

2) T 5 B E 5 P AR o R R AR T A3 ) K
J e A O B 1 SO AR AE T T UK B RN R W R S 48
FERA B BRI RCR. AR S, MHKE
R W A 2R 38 B BT I X A e g, (H R
W &fEE—EMES. K10—12 FiRGREY, A

(20)

[FJRFAIE 2 (8] 2L AT — 5 I EL A, bl 3 AR 4R 20
B0, VKRN W ) (1) 73 SRR 22 1 T 3 .

3) B T 0 B AR A A SUEARAE, AR SO SR T
B BT T P, 1930 T I T 0 °C 5 —20 °C
B EE = ANMHESKEMZENRIIRR,
BT EATIAE UK B W AR 5 o s Y
1EH.

4) FIF R RS SR ER 18, X HE B H 11 13 M FREAE 2
ITEARIZHE, @57 7T ERRHE I 0K R 2 N iR
TR A WA Y 3 o b v R TR R SR U U, AR i
XTI RS UKL AN 2 T ) R R A T R
IR (3R 7, YKE POD = 93.29%, FAR =
10.69%, CSI = 83.92%; % M POD = 89.07%,
FAR = 6.86%, CSI = 83.58%).

AL TT i F R R IA [ S 2 R
i, T A B R I PR A e e 7 g T DA 3R Y
E.HERMEASER, BHEEXTTIEANE
] LSS VKR B B R A B MU LAY, 3 il
SR e R, X R A S S S T AR A
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Abstract

Based on radar reflectivity image features, an automatic recognition method is proposed to identify the hail and
rainstorm. We extract the image features of hail echo areas and rainstorm echo areas from radar reflectivity images. By
analyzing both the differences in single feature between hail and rainstorm and the classified complementarity among
different features, we determine the effective image features, including the intensity and texture features, to identify the
hail and rainstorm. The hail and rainstorm objective recognition model can be established through the data mining of
the extracted sample features and sounding data by using the Rough Set Theory. Through the test and identification of
the 362 test samples, the hit ratio of hail reaches 93.29% and the hit ratio of rainstorm reaches 89.07%. The false alarm
ratios of hail and rainstorms can be also at a low level. Compared with those from the PUP system, the experimental
results from the present system show that it has a good effect to identify and classify hail and rainstorm by using the

radar reflectivity image features.

Keywords: features extraction, Rough Set Theory, data mining
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