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Abstract

This is the study about the meteorological satellite cloud image classification by
objective methods. For objective cloud classification, linear discriminant analysis
was tried. In the linear discriminant analysis 27 cloud characteristic parameters
were retrieved from GMS infrared image data. And, linear cloud classification
model was developed from major parameters and cloud type coefficients. The
model was applied to GMS IR image for weather forecasting operation and cloud
image was classified into 5 types such as Sc, Cu, CiT, CiM and Cb. The classifica-
tion results were reasonably compared with real image.
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€ FART 349 ARAHA FFERF L EHo] o]fojHo & Ze|th

e EHA7T A9 JtAdd AEE FHetd FRHD AMAH R S EF
- ?—E—%/—‘—*AE(nephanaIYSIS)% AL A a2HY HZ A2 AAE 798 FA-

© 93AEY "UAEs dFAE ALAEY 58 FU, FEATES T §
of M@ LAY A7} A HAh ol L LRF WS 1 F
A Ed o& dF-/EEo] ghth(Parikh, 1981; Inoue, 1987; Aso et al., 1988). &3
2AE dRE 49094n ANDY AREHE 238 AELE, BE, WA, BAS
22 A9 o] A4ERRY 4-F-35E, ERY, ¥7, WA, WS T sxz
o WFEERH 433138, TUY, ¢ 59 £3% LFetATH(Lilijas, 1981).
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o} AFgkd 1x AdHE 2AHS FHfsled 23L& Sc(Stratocumulus), Cu(Cumulus),

C1T(C1rrus only) CiM(Cirrus with low level clouds) ¥ Cb(Cumulonimbus) 2 & # 3} t}.
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1) =¥ 2 E R (Spectral Feature)
29EY EQESE 2299 Y BG4 ABAA AAE 05x05 18 AAY Yol
38 HAd(pixel) o] TBB 3|2E 1 (Fig. 2) 228 7& 4 Ut}
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Fig. 1. Flow chart of objective cloud classification using linear
discriminant analysis.
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Fig. 2= 917 05%x05 A 202 ol e Heo| g4 =4 (pixel) kol thd TBB 32
Eadona 7228 WEd A22e TBB 58 Ugdo. o714 1, 2¥ss 77t
TBB maximum(& ] TBB &% 3), TBB minimum(34 TBB 2%z)ol1, 3, 4, 5 ¥4 2
Z- TBB 8| 2Ea# oM 10%, 50%, 90% FAUES+2 vehjs TBB &xgolth & 6, 7,
8 WigE 747t 0C ol3}ghe Z: WASR, HHg L FFARolL 9, 10 WEE 27k —40T
°o]8H(Cb Y A)gte Uekle Walo] TBB Hag ¥ ¥EA oty o|2 Aeld% Table 13}
2

Table 1. Cloud classification parameter extracted from spectral feature
in 0.5 x0.5 grid TBB histogram
Parameter No. Description
1 TBB Maximum
TBB Minimum
Histogram 10% TBB
Histogram 50% TBB
Histogram 90% TBB
Number of Cloud Pixel(<0°C)
Mean TBB(<0TC)
Standard Deviation(<0°C)
Mean TBB of CB Area(<—407T)
Standard Deviation of CB Area(< —40C)
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2) £BE A (Synoptic Feature)
FB5 W4E A4 et HAHY PRI IRFE, FREA 2 WY 5
FuHd 54¢ Ushle @424 A¥ED 537 448 F9es AxY Yol TBB ¢

£2RH 78 4 Y00 28 W4E Table 29 2.

Table 2. Cloud classification parameter extracted from synoptic feature
in 0.5 % 0.5 grid TBB histogram

Parameter No. Description
11 Mean of Mean TBB(<07C) within 1.5 %X 1.5(lat. %X lon.)
12 Mean of Mean TBB(<0°C) within 2.5 X 2.5(lat. X lon.)
13 Mean of Mean TBB(<0°C) within 3.5 x 3.5(lat. X lon.)
14 N-S Size(Numeral X 0.5=N-S Degree) (Hist. 90%, TBB<0TC)
15 Normalized Distance from.Southern Edge(Hist. 90%, TBB<0C)
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F&slE gtolt} Fig. 3¢ Synoptic feature® el Ao|t}.
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Fig. 3. Synoptic feature within 1.5 x 1.5, 2.5 x 2.5, 3.5 x 3.5(lat. X lon.).
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Table 3. Cloud classification parameter extracted from texture feature
in 0.5 grid TBB histogram

Parameter No. Description
16 p=1 0= O0(F FA% A&} 1, £243)
17 p=2 0= O0O(F HAL Agrt 2, FA)
18 p=4 0= O0(F YAt A7} 4, A L)
19 p=1 0= 45(F HAzte] A} 1, +H43)
20 p=2 0= 45(%F [AY A7} 2, #HIH)
21 p=4 0= 45(F ALY A7} 4, +59e)
22 p=1 0= 90(F HA3e A7t 1, #H%HY)
23 p=2 0= 90(F Ao AYs} 2, +H94EF)
24 p=4 0= 90(F HAzte AL} 4, &%)
25 p=1 0=-45(F Az A7} 1, +9%9E)
26 p=2 0=-45(F A ALt 2, £33
27 p=4 0=-45(F YAzt A7} 4, FH L)
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Fig. 4. Texture feature within 0.5 X 0.5(lat. xlon.).
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L, Malmy 2 A (Linear Discriminant Analysis)

1 A39E g4 &
P9 W x;, oo , Xpk0l 270 groupol Al #3ZE Fho] Table 49} Zrtx 3hA.

Table 4. Observational value of parameter(P) in 2 groups

(a) 1 group (b) 2 group
Gk WP
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1 W x z® 1 XD e, x® L@
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BEd F= ruleE WEY. WA JF WY I Pl ] g
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o @ AFFHAANe] & GAMD) 28 TET ol gl sl AR AF ay, -, +a,
t #39 209 growpAES HSH T BEY & =S A 2tk 7N AL ay, -, +a,
gol FAAW 4 (D% ©|§MA Table 18] # A8o] 3 AFAY Zg(BESHo dnE

B E -discriminant score) & 33
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Fig. 5. 2 groups classification by linear discriminant function.
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HE S 7}A training sample data® A& s of r}.
ZA WL training sample®] A}g-ojf o] we} 7% (supervisor) ¥} F 7% (unsupervisor)
WHos Ured, 8 d7dAe Z5UUE A ol 4 39 53 & WEY &
9+ training data® WA T3 3 o] training data’} YJEll= EFo] 2 39 EAL A

Pate Adel of 5¥e AAD 94s BRsSE PHoln. maA Unhy 3H
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Fig. 6. GMS IR image on 0530 GMT 10 January 1990.
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A} Sc(Stratocumulus), Cu{Cumulus), CiT(Cirrus only), CiM(Cirrus with low level clouds) %
Cb(Cumulonimbus)olt}. 52 8o 3§ A3 ZHQ training sample data ¥ H<+ Fig. 83}
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Fig. 8. Training sample area of typical Sc, Cu, CiT, CiM, Cb by supervisor analysis.
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=1, =0, p=2, =0, p=4, 6=002 37} W4 %
A

0
o W3k [F, B4, FFHA 2 covariance matrix

HN

87/ MEE FE3AAT €38 F8
+ Table 58} Zt}.

Table 5. Mean, variance, standard deviation and covariance matrix

of Sc about main 8 parameters

Var Mean Variance S.D.
1 MAX 12.7056 7.9970 2.8279
2 MIN 5.3222 1.4089 1.1870
3 H10 6.3278 0.9845 0.9922
4 H50 8.1833 3.7038 1.9245
5 H90 10.9667 : 6.5588 2.5610
6 1,0 0.9500 0.2085 0.4567
7 2,0 1.4389 0.5013 0.7081
8 4,0 1.7500 0.6485 0.8053
Covariance Matrix
1 2 3 4 5 6 7 8
Max Min H10 H50 H90 1,0 2,0 4,0
1 Max 7.9970
2 Min 1.4816 = 1.4089
3 H10 1.7881 0.8523 0.9845
4 H50 43489 1.0675 1.5564  3.7038
5 H90 6.8520 1.0225 1.5451 14,1688 6.5588
6 1,0 09915 0.1176 0.1897 0.6285 0.9865 0.2085
7 2,0 1.5827 0.2014 0.3283 1.0025 1.5525 0.3191 0.5013
8 4,0 2.0621 0.1882 0.3750 1.1909 1.9835 0.3315 0.5232 .6485
+8E Foso) Q3 A S g Table 63 o).
Table 6. Coefficient (a) of S¢, Cu, CiT, CiM and Cb on main
parameter by first linear discriminant analysis
1 2 3 4 5
parameter Sc Cu CiT CiM Cb
Min 6.3054 -1.8301 -3.3095 -3.1729 -3.9543
H90 0.0736 0.6413 1.4512 0.7873 0.9088
1,0 4.5377 1.1051 -0.1812 6.9999 2.0145
4,0 -0.6299 -1.5378 -2.6883 -3.9434 ~-3.6639
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Fig, 9. Cloud type classification of GMS IR image by linear discriminant analysis.
Orange, yellow, violet, brown and black color represent Sc, Cu, CiT, CiM
and Cb, respectively.
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Brh A ¥ TR0l golgns 2L BANe A sk AV F
< Sc, =@ 2 Cu, 2epd & CIT,- T4 CM, 34 Cbg or @k AA9A Fig. 63
Mad ww 49t 4 AA8E 2 5 Ak

GMS 714914 #9973 Ase A4Hd LFRFE A3 144 ¢8 24714 L o
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