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Objective Cloud Top-Height Estimation
System for GMS Imageries.
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Abstract
A man-machine interactive processing system had developed in April 1978 at MSC (Me-
teorological Satellite Center) for extracting a cloud top-height from GMS image data.
Detail description of this system, named “CTHES (Cloud Top-Height Estimation System)”
is given by Kodaira et al (1981).
of a cloud area, location of measuring points, and cloud types inspecting the IPC (Image

In this system, an analyst makes decision on selection

Processing Console) by pressing a button on the function keyboard. The man-machine
method has a lot of benefits but wastes computer resources and processing time. In past
few years, routine jobs to be processed are increasing rapidly. This requires a reduction
on memory size and processing time to improve a busy computer schedule. As one of the
countermeasures, current effort is being directed to automation of cloud top-height estima-
tion system. The substantial information to realize an objective cloud top-height estimation
system is an identification of representative measuring point within a cloud area and a
cloud type.

The MSC developed in March 1979 an objective cloud type classification method based
on a maximum-likelihood classification technique, and developed in March 1980 an cloud
selection technique based on both 'an edge detection method and a touching method.

The model described above became operational in October, 1981 after refinement of
parameters for the objective cloud top-height estimation system. The developed system
can reduce the computer memory size from 165 KW (CTHES) to 95 KW and the processing
time from 40 min (CTHES) to 20 min.

points to about 200 points.

Measuring points are increased from about 100

The purpose of this paper is to present the design and concept of objective cloud top-

height estimation system.
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Fig. 1.1 Edge detection method for separat-
ing a cloud area and a cloud-free area from
infrared scan profile. Pixels along a scan

line are sampled by a given sampling in-

terval 4S, and two reference points P, P’ with

a distance 4C are compared their brightness

levels to obtain a difference of brightness

level 4L. AL indicates a measure of flatn-
ess corresponding to a uniform cloud area
or a sea surface. A large AL occurs in an
edge of cloud area and cloud-free area.

The portion defined by leading edge and

trailer edge is regarded as the same surface

property. The separation of cloud area and
cloud-free area is performed by compairing

a preset parameter and brightness level of

that portion,
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Fig. 1.2 Touching method to identify an
two-dimensional extention of cloud area.
It is required that a center of cloud area
defined as a point of lowest brightness level
(temperature) within cloud area is touch-
ing at least one other center. Touching is
defined as being adjacent up or down, left
or right and a difference of brightness level
between centers of cloud area., When two
centers of cloud area M,(L))and M,,; (Li41)
are obtained from the scan line profile J,
and M’,_, (L’,_), M’, (L)) from successive
scan line profile J* with distance 41, three
horizontal lags di-1, di and di+1 are compa-
red each other. As the horizontal lag ob-
tained from M, (L,) and M/, (L)) gives the
smallest value, they are regared as a touch-
ing group. In this procedure, the horizontal
lag and difference of brightness should be
satisfied some conditions.
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Fig. 1.3 Screen method to eliminate an in-

valid center of cloud area. It is necessary
to identify a representative measuring point
from a number of candidates which are
obtained from centers of cloud area as the
result of touching procedure, the measuring
point is defined as the lowest brightness
level in the touching group with the larg-
est cloud extention. The cloud extention
is estimated from a horizontal distance
between leading edge and trailer edge of
cloud area indicating the lowest brightness
level of center of cloud within the same
touching group and a vertical distance of
touching group. The cloud with small ex-
tention is screened by this method because
a large cloud extention is suitable for a
target cloud. To realize this, a horizontal
screen size H and a vertical screen size V
are preset. The screen procedure is perform-
ed four times moving its location as shown
in this illustration.
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Fig. 1.4 Full resolution infrared picture, 1800 Z August 26, 1980.
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Fig. 1.5 Full resolution infrared picture, 0000 Z May 30, 1981.
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Fig, 1.9 Same as Fig. 1.6, but for the cloud picture of Fig. 1.5.
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Fig. 1.10 Same as Fig. 1.7, but for the cloud picture of Fig. 1.5.
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Fig. 1.11 Same as Fig. 1.8, but for the cloud picture of Fig. 1.5.
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CLoup TYPE CATEGORIY

Cu O CuMULIFORM CLOUDS WITH NO SIGNIFICANT CIRRUS
SC " STRATOCUMULUS WITH NO SIGNIFICANT CIRRUS

ST = STRATIFORM CLOUDS WITH NO SIGNIFICANT CIRRUS
As £ MIDDLE CLOUDS WITH NO SIGNIFICANT CIRRUS

C1 2 CIRRUS UNMIXED WITH OTHER CLOUDS

(8 2 CuMULONIMBUS AND/OR CUMULONIMBUS WITH CIRRUS

Cloud~-top height

Equivalent black-body
temperature

62 ,—. Empirical cloud emissivity

_\
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Cloud-top temperature 13 Method for cloud-top temperature
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Temperature standard deviation
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Fig. 1.12 Illustration of cloud-type symbols and additional
information depicted on machine plotter obtained from ob-
jective cloud top-height estimation system.
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BIBHBA T v 75 2 RBIRT DD EA LB
5 2 — &% Booth (1973, a, b), Harris and Barret
(1978), Koffler et al (1973), Parikh (1977), Parikh
(1978), Stowe et al (1978)DFE LS EW LT, Ape-
ndix 1 RRLI X 5 nBHH <5 2 — 2 (T#H, Kt
TEZhEh 188 M) RRE L. HEB AT 2~ 208
RF3iH% Apendix 2 RiRLA, ¥k, ZhbD- 4T £
~ 2% ETIHEROKXEINERREAB LA UL,
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1) EF—2

Table 2.1 Dates and cloud-type frequencies for
dependent and independent data used to deve-
lop an cloud-type classification algorithm.

Cbu Sc St As (1 (8 CwR

DepenDenT DaTA

1978.Fes, 15 0330Z 45 13 - 12 8 10
Mar, 4 04002 34 12 - 16 18 6
AR, 3 0300Z 4 6 - 16 20 6

May 20 0300z 2 9 4 5 15 2
Juw. 11 03002 12 9 10 110 18 18
Torau 134 49 14 53 79 42 24

£ = v ow o,

INDEPENDENT DATA

1978 Fes, 15 0330 28 20 - 6 14 6 5
Mar. 4 0400z 12 10 - 4 8 -
AR, 3 03002 46 10 R Y S S U] 5
Ju, 8 0300Z 6 10 18 9 6 2 3
1979 Aer, 8 0000Z 35 14 - 2 23 4 11

TotaL 127 64 18 33 62 65 24
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Table 2.1 {2RE8 7 — & 5 L 0BT 57 — 2 O BEFA R
LidbDThHb, 2hbDF— 2348 T1LARERT
ST LR EBL Lich, RENREBNId 7D T,
2~THADT — 2 TLOFAETERI - . BIRIER
NRO3Z CAECORFEEE T — 2 2 EH LK, Kuw»
FRTFAEORNBRT T 512D ThH 5,

HEF~%, M7~ 2 0fFRIEEEELE > AT
ARBELTER LY, IPC CEfgYERL, MBiE
AR L TRENEER YR THEELEBRLTL L,
ZDWIE L BR T ERYIETSHEE b b
2o

2) HATREEHOoHT Y ~

Booth (1973, a, b) iZHE=E (Cu), BHEZ (S, &
#HE (Ch), BE (CD), TEBEXLb k5 Ci, X
(Clt) o X 5P Lz, Parikh (1977, 19780 /B
= (Cu, HEAKEE, BZE (St), BHEE (So), RAR (Ci
ETEED D VTHER), Ci, Cb D 4 BHEHEH L.
Harris and Barrett (1978) X BER, EEZEZER, ES
Z, BER, Clr 0oL 5B LT3,

ERHHE L BT, FDX5hsF =Y ~EBYE
T B0, FOENCL D, 2 THhRBZ7AL =Y
RABERSELBORBLLENE LTW50DT, 7]
BRSSO T T) ~HFITHDONRE F L\,

Table 2.2 Seven cloud-type categories for
cloud-type classification.

SymBoL CLOUD TYPE CATEGORIY
Cu CUMULIFORM CLOUDS WITH NO SIGNIFICANT CIRRUS .
Sc STRATOCUMULUS WITH NO SIGNIFICANT CIRRUS
ST STRATIFORM CLOUDS WITH NO SIGNIFICANT CIRRUS

As MIDDLE CLOUDS WITH NO SIGNIFICANT CIRRUS

C1 CIRRUS UNMIXED WITH OTHER CLOUDS

Cs CUMULONIMBUS AND/OR CUMULONIMBUS WITH CIRRUS
Cr CLEAR

Table 2.2 REHHANTHEATIEHO» T =) ~Th
Bo TORERLILHT Y — T, BEERNEMT
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BT ERERLTNWS,

W7 Y AT ARCRERE VOB LB

oofie, EFoRD (@, F, BV bEETSC
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3 ¥ O R

HACER Lic 7 m 75 243, BLBT 7V 7~
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Table 2.3 Cloud features based on visible and infrared (two channels) imageries. Cloud features
were screened from those given in Appendix 1 using BMDP7M (Biomedical Computer Programs
developed at University of California, Stepwise disciminant analysis). Cloud feature numbers refer
to features described in Appendix 1. The suffix “V” or “I” appended to the feature number refer to
cloud feature estimated from visible (VIS) or infrared (IR) imagery, respectively. Sequence number,

the right side of cloud feature number, indicates a priority on efficiency of classification derived from

BMDP 7 M.
Feature No. Feature (VIS and IR)
1 15V Value at 99% cumulative frequency
2 11l Value at 19% cumulative frequency
3104V Entropy (p=4, 6=0°)
4 168V Minimum of angular second moment (5=8)
5 8I Coefficient of variation
6 831 Angular second moment (=2, 6=45°)
7 118V Mean of angular second moment (p=2)
8 3V Mean
9 79V Angular moment(p=1, 6=45°)
10 184V Difference between maximum and minimum of angular second moment (p=8)
11 34V Difference between maximum and minimum of quadrant values for 1% cumulative frequency
12 112V Mean of difference histogram (p=8)
13 169V Minimum of entropy (p=1)
14 371 Difference between maximum and minimum of quadrant values for 84 % cumulative frequency
15 22V Difference between values at cumulative frequency 99 %—50 %

Table 2.4 Same as Table 2.3, except for cloud features based on IR imagery (single channel).

Feature No. Feature (IR)

1 111 Value at 1% cumulative frequency

2 921 Maximum of angular second moment (p=8)

3 8l Coefficient of variation

41561 Entropy (p=8)

51511 Maximum of angular second moment (p=4)

6 9I Skewness

71181 Mean of angular second moment (p=2)

8 891 Angular second moment (p=8, 6=135°)

9 401 Difference between maximum and minimum values of quadrant values for 84% and 16% cumu-
lative frequencies

10 321 Difference between maximum and minimum of quadrant skewness

11 271 Difference between maximum of values of quadrant mode and quadrant median

12 311 Difference between maximum and minimum of quadrant coefficient of variations

13 81 Angular second moment (p=4, 6=135°)

14 1811 Difference between maximum and minimum of angular second moment (p=1)

15 1081 Entropy (p=8, 6=0°)
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Fig. 2.1 Mean percent correct versus number
of cloud features. A percent correct is defined
as a percentage of samples correctly classified.
An average of percent corrects on seven
cloud-type classification makes an mean per-
cent correct. The numerals in abscissa are

corresponded to the sequence number of cloud

feature given in Table 2.3 for two channels
classification, or Table 2.4 for single channel
classification. In the case of cloud-type clas-
sification using two channels and three cloud
features (laveled 3 in abscissa), for example,
cloud features from Ist to 3rd (15V,11V and
104V, as shown in Table 2.3) are used for
the classification, and the result shows the
mean percent correct of 67%. As is evident
from this graph, a few of cloud features have
a share in improving the mean percent cor-

rect,
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Table 2.5 Coefficients for linear disciminant function. X;, X,, X, are corresponded to cloud feature

15V, 111, 104V for two channels classification and X,;, X, are also corresponded to cloud features 11
I, 921 for the single channel classification, respectively. Both of C,’s mean a constant term in the
discriminant function. The discriminant function is given by

»
6{2=’£X“ +C0¢ +lnq4

where X;; is the p-parameters observation vector (cloud feature) belonging to cloud-type i, Cy is
the constant term, q is a priori probability of occurrence of cloud-type i, but assumed to be the same
for each cloud-types, p is the number of cloud-type categories to be classified. The p-parameters
in observation vector are assumed to have a multivariate normal distribution with equal variances

and covariances within the different cloud-types. The classifier assings an observation to cloud-type i
if 8,2>>8,% for all ji.

Cu Sc As ST C1 Cs CLr

VIS & IR

X1 1.51143 1.53625 1.56568 1,35888 1.21393 1.66406 0.76778
X2 0.21280 0.28903 0.20176 0.32042 0.15661 0.11305 0.34434
X3 8.,55000 3,92342 3.34281 0.44561 4,04918 9.23918  -1,90695

€0  -54,59604 -55.25731 -47,63769 -47,30733 -30.88886 -56,11736 -32,26779
IR

X1 0.19237 0.22398 0.13334 0,22628 0.11588 0.08954 0.26680
X2 6.19776 ~ 20,03287  15.38905  41,19193 9.87121 6.28866  36.,96858
€0 -11.60700 -17.22055  -7.85958 -23.89943  -5,97924  -4,24731 -27.,71963

Table 2.6 Classification matrix for seven cloud-type dependent data based on two channels classifica-

tion (maximum likelihood, single-stage) using cloud features of 15V, 11 I and 104V as shown in
Table 2.3. The percent corrects are shown in parentheses.

SUMMARY OF CLASSIFICATION

GROUP TOTAL  CORRECT CLASSIFIED GHOUP
MO ekobe W 8¢ A sT c 2] LR
v B e Cserh (151 € 100 ¢ 0 (6 09 1 0d
- ¥ (163 (371 € 61y 1 ¢ 2.0 ¢ 0.0y ¢ 0.0
Mo 7 eeh L G cendy o U ¢ 3 0D
T B C a0 (183 € 0.0) 06 (1D (0.0 ¢ 0.0
“ e ¢ 0.3: oo € 200m ¢ o.g) (1009 € 3. € 2.5)
“® 1 2o D 0. € B 0.0) ¢ 2.6 ¢ 8120) ¢ 0.0)
“r o 2 ety C 000 L 0.0y € 0.0y n (e ¢ 0.0) ¢ 478
TOTAL 1 ‘4ol 261 89 8 80 24 7 53 23
t 401 ( 66.0)

- L )
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Table 2.7 Same as Table 2.6, except for single channel classification using cloud features of 111 and
921 as shown in Table 2.4.

SUMMARY OF CLASSIFICATJON

P con-

GROUP TOTAL  CORKECY CLASSIFIED GROUP
NO. NO,
(PROY,) Cu §C AS ST cl 4] CLR
[41] t 134 67 67 2) 10 2 20 10 4
] ( 50.0) 50,00 € 15,1 ¢ T,%) € 1.%) ¢ 14,9 € 7,5 ¢ 3,0
sC ] 49 15 16 1% 1 11 0 1 5
i { 30.6) (32,70 € 30.6) € 2,0) € 22,4) ( 0.0) € 2.00 (¢ 10,2}
AS H 59 2) 12 5 23 0 11 8 0
1 « 39,0) 20,3 ¢ 8.5 €39,00 € 0.0 ( 18,60 (13,60 ¢ 0.0)
ST H 14 8 1 1 1 8 0 [+] 3
1 ¢ 37.0) C 7.0 € 7.0 ¢ 7,10 C57.1) ¢ 0,00 ¢ 0,00 (€ 2l.4)
Cl ] 19 32 10 0 17 0 32 20 0
] { 40.%) ¢ 12,70 C 0,00 (¢ 21,5 € 0,00 (€ 40.5) (25,3 ( 0,0
4 ' 42 34 3 0 0 0 5 3% 0
% C 81,00 ¢ 7.1) ¢ 0,00 ¢ 0,00 ¢ 0,00 (11.9) ( 81.00 ¢ 0.0
CLR H 24 11 1 5 0 T 0 0 11
1 ( 45,.8) ¢ 4,2) €20,8) ¢ 0,00 (€ 29,22 C 0,00 ¢ 0,00 < 45,8
TOTAL 401 190 110 47 52 28 68 13 23
] C 4T.4)
Table 2.8 Same as Table 2.6, except for independent data.
SUMMARY OF CLASSIFICATION
GROUP TOTAL CORKECY CLASSIFIED Ghoup
NO, NO,
(PROB.) (d1] K sC AS ‘ST Cl [4:) cLr
cu 1 127 43 43 34 10 3 21 14 2
3 ¢ 33,9 € 33,9 € 26.8) ¢ T.9) € 2,80 (16,5 (11,00 C 1,6)
sc t 64 32 5 32 4 11 8 0 4
3 { 50.0) ¢ 7.8) (50.,0) € 6,3 (€ 17.2) (12,% ( 0.00 (¢ 6,3
AS H 33 13 (4] 12 13 0 8 0 0
: € 39,4 C 0,00 ¢ 36.4) ( 39.4) ( 0,00 ¢ 24,2) ( 0.00 ¢ 0,0)
ST 1 18 16 0 1 0 16 1 0 0
H ( 88,9) ( 0.0) (¢ 5,6 € 0,0) (¢ 88,9) (€ 5.6 ¢ 0,00 ¢ 0,0
4] 1 62 54 2 0 3 1 54 2 0
1 C 8T.1) € 3.2) ( 0.0) (C 4,8) (¢ 1,8) (87,13 ¢ 3,20 ¢ 0,0
8 : 65 50 4 0 4 0 7 50 )
1 € 76.9) ( 6,2) ¢ 0,00 C 6,2 ¢ 0,00 (€ 10,8) ( 76,9 ¢ 0,0
LR 3 24 24 0 [ 0 0 0 0 24
1 (100.0) € 0,00 ¢ 0,00 ¢ 0,00 ¢ 0,00 ¢ 0,00 ¢ 0,00 (100,0)
TOTAL 393 232 54 79 34 a1 99 66 30
H 393 ¢ 59,9)

BRI Y T - - 0 e 0 T O 00 e

— 18 —
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BRI RHR T
1) THE, FAEGT— 2 2A LB HRRERE
% Table 2. 8’3 BT — 2 DHBIFER(Table 2.6)
LHEBLTARBE,
PHEYRIISO% LY, BT~ 20BALY
LETLTWB,
Cu DIEMFITET%H 5 34% ~, As DL hix 70
% 539%~EELLETLTW S,

2) FAERT ~ X DRRER LSS
¥FkE R 2 Table 2.9 R, ERT— 2 OYBIKE
(Table 2. ) L HEE L CHR B &,

SEHEMBRIZIZEAEELIR,
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Table 2.9 Same as Table 2.7, except for independent data.

SUMMARY OF CLASSIFICATION

--------------------------------

GROUP JOTAL  CORRECT GLASSIFIED GROUP
NO. NO
(PRUB ) cu sC AS ST cl 4} CLR
[d] s 121 46 46 33 12 0 13 19 4
s ( 36.2) ¢ 36,2) (26,00 € 9,4) ( 0,00 (10,2 ¢ 15.00 ¢ 3,1)
s¢ T 64 26 16 26 2 4 4 2 10
t ( 40.6) € 25.0) € 40.6) € 3,1) (¢ 6.3) ( 6.3) ¢ 3.1) (15,8
As ! 33 11 7 4 11 1 1 3 0
: ¢ 33.3) € 21,2) € 12,1) € 33,3 (¢ 3,00 (€ 21,2) (¢ 9.1) ¢ 0,0
ST ' 18 0 1 2 0 0 0 0 15
t ( 0.0) ( 5.6) (11,12 ¢ 0,00 (¢ 0,00 C 0,00 (¢ 0,00 (¢ 83,3
Cl T 62 18 5 1 19 0 18 19 0
3 € 29,00 ¢ 8,10 ¢ 1,6) (C30,6) ¢ 0,00 (29,00 ( 30.6) ¢ O,
4} t 65 50 2 0 1 0 12 50 0
C 76.9) ¢ 3.1 ¢ 0.0)0 € 1,5 (¢ 0,00 (18,3 (76,9 ¢ 0,0
CLR ¢ 24 21 1 1 0 1 0 0 21
t ¢ 87,5 C 4,2) ¢ 4,2) € 0,00 ¢ 4,2) ¢ 0,0 ( .0.0) (€ 87,5
TOTAL 1 393 172 18 67 45 6 54 93 50
1 393 ¢ 43,8)
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Fig. 2.2 Probability distribution of cloud-type
data samples obtained from two channels cla-
ssification using cloud features, 111 and 15V.
Each of ellipes is estimated from %2 (2, 0.1)
—distribution which indicates 90% of number
of samples are including within an ellipes.
An overlapped region bounded by adjucent
ellipes shows that an erroneous classification
is performed.
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Fig. 2.3 Same as Fig. 2.2, except for single
channal classification using cloud features, 111
and 921
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Table 2.10 Summary of seven cloud-type cla-
ssification results. Feature names correspond-
ing to featurs are given in Appendix 1. The
suffix “V” or “I” appended to the feature num-
ber are the same as the notation of Table 2. 3.

Percent CoRRECT(R)
DEPENDENT INDEPENDENT

15y, 1,108V 67 59
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Appendix 1
Feature Numbers

1 Spectral feature
1.1 Histogram Parameters

1 Mode
2 Median
3 Mean

4-6 Difference between Mode and Median,
Median and Mean, Mean and Mode.
Standard Deviation

8 Coefficient of Variation
Skewness
10 Kurtosis
11-15  Values at 1%, 16%, 50%, 84%, and 99 %

cumulative frequencies.
16-21 Differences between values at cumulative
frequencies 1% and 99%, 84% and 16%,
99% and 50%, 84% and 50%, 50% and
50%, 50% and 16%, 50% and 1%.
22 Difference between value at cumulative
frequencies 99%-50% and 50%-1%.
23 Difference between value at cumulative
frequencies 84%-50% and 50%-16%.

1.2 Quadrant Parameters
24-26 Difference between maximum and mini-
mum of quadrant mode values, quadrant
median values, quadrant average values.
27-29 Difference between maximum and mini-
mum of quadrant median values, quadrant
mean values, quadrant mode values.

30-33 Difference between maximum and mini-
mum of quadrant standard deviation, qua-

drant coefficient of variations, quadrant

skewnesses, quadrant kurtosises.

34-384 Difference between maximum and mini-
mum of quadrant values for 1%, 16 %, 50
%, 84%, 99% of cumulative frequency.

39-44 Difference between maximum and mini-

mum values of quadrant values for cumul-
ative frequencies 1% and 99%, 84% and
16%, 99% and 50%, 84% and 50%, 50%
and 16%, 50% and 19%.

2 Textual Features
2.1 Difference Histogram Information

45-60 Mean (p, 6) (p:distance, p =1, 2, 4,
8; 0 :direction, 6 =vertical, horizontal,
right diagonal, left diagonal)

61-76 Contrast (p, 6)

77-92  Angular Second Moment (p, 8)

93-108 Entropy (p, 6)

109-112 Mean (p) of Mean (p, 6), all for8

113-116 Mean (p) of Contrast (p, 8), all for 6

117-120 Mean (p) of Angular Second Moment( p
6), all for 6

121-124 Mean (p) of Entropy (p, ), all for 6

125-128 Standard Deviation (p) of Mean (p)

129-132 Standard Deviation (o) of Contrast (p)

133-136 Standard Deviation ( 0 ) of Angular Second
Moment (p)

137-140 Standard Deviation (p) of Entropy (p)

141-144 Maximum (p) of Mean (p)

145-148 Maximum (p) of Contrast (o)

149-152 Maximum( p ) of Angular Second Moment

(o)

153-156 Maximum (p) of Entropy (p)

161-164 Maximum (p) of Contrast (p)

165-168 Maximum( o) of Angular Second Moment
(o)

169-172 Maximum (p) of Entropy (p)

173-176 Difference between Maximum (p) and Mini-
mum (p) for Mean (p).

177-180 Difference between Maximum (p) and Mini-
mum (p) for Contrast (p).

181-184 Difference between Maximum (p) and
Minimum (p) for Angular Second Mo-
ment (p).

185-188 Difference between Maximum (p) and

Minimum (p) for Entropy (p).
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Note : In order to obtain both infrared and visi-
ble features for the same geographical area size, 17
scan lines by 45 pixels (infrared) and 64 scan lines
by 90 pixels (visible) are used for calculating these
The size of this area is 85X85 km
at the sub-satellite point (140°E, 0°N).

cloud features.

Appendix 2
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z= {332} IN 1
=1 J=1

4) BERR=
BIH3) L AiRIEHR L b, BElREE T

0=/ 3 3 (24— 2N 2)
fm)fm]
5) ZTREH (Coefficient of Variation)
D, DAPLEREH CV &
CV=9/z 3)

6) Z& P (Skewness)
1D, 2)EA"HEESIX

S=312, 2 @u-2>} /e "
7 4 B (Kurtosis)
1), 2) RHERE KX

sz—{l—{g l}'il(x,,—zy}/w 5)

8) MAHK (Quadrant)
nIA4 v, mERNSLBUEER L2714 v, m2

HfdE

#5% 198243 H

HEEOAEIDAFRCAE LI L 20, HAOFEEY
iy o

9) ENF—-2DFHE
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i, TOBERY (), 75 2K nl, AEERACEEL
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£ DYHEM (o, 0) i1,

Mo 0=45 1 () .

10) %455 ~4s2D=av 5 A} (Contrast) a v} F
A+ C(p, 6) 1

11) Z5F—20FKkE—* v+ (Angular Sec-
ond Moment)
fokEe—-A v Ao, 012,

12) 47— 2 D=V b w e —(Entropy)
R ":—E(P, 0)&‘1,

so 0= EPN(D) o

13) AIEEROERL
TEEELLhLEBLWABRHM A AT A -k a,
KBREMAC, MEXEAI & LT, EFRLIhCEY
AtT5L,

A=a/((cos {)+(cos b)) 10)
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