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CLASSIFICATION OF SCENESIN MULTISPECTRAL GOES-8 IMAGERY
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Abstract. Preliminary results are presented, concerning a method for identification of different types of clouds
and clear-sky pixels in GOES-8 imagery. Based on full resolution images in five channels, thirteen different
variables were designed for pixel identification. A clustering pocedure (“dynamic cloud”) was used for
determining 32 different classes of pixel environment, defined by respective 13-dimensional centroids. Results
are coherent with usual two-dimensional analysis based on reflectance (channel 1) and brightness temperature
(channel 4), while eleven remaining components could offer additional information. Hierarchical clustering of
centroids suggests the existence of five main groups of scenes. The question about the minimal number of non
redundant variables is analyzed by factor analysis of centroids. It is found that four variables would be enough
for proper description of cloud and clear-sky fields, be: brightness temperature and texture in channel 4, texture
in VIS channel, and difference between channels5 and 4.
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1. Introduction

The amount and type of cloudiness is an important information for meteorologica andyss
and modding. The Center for Time Forecast and Climate Studies (CPTEC/INPE) currently
records GOES-8 imager files in five channds, which could be used for autometic cloud cover
classfication over South America Usud andyss is based on visud inspection of brightness
in VIS channd and corresponding brightness temperature in a thermd infrared  window
(channd 4). Subjective andyss includes perception of texture (spatia variability) of scenes,
which characterizes different types of cloud fidds. An objective andysis should include these
vaiables numericaly, as wel as others emerging from combination of multispectra data (for
ingance, it has been found that difference between brightness temperatures in channels 2 or 3
related to channd 4 dlow to better identify foggy and convective cloud scenes, respectively.
A number of objective methods have been designed in the former 20 years for GOES or
Meteosat imagery, but most of them are based on VIS and one thermal channd only (Rossow
et al., 1987; Séze and Desbois, 1987; Farki et al., 1993) extending from smple methods to
complex neurd network or fuzzy logic procedures (Baum et al., 1997). This paper presents
preliminary results of objective andyss procedures which use information of dl 5 channels,
seeking for two basic questions. 1) how many basic groups should be considered for GOES
scenes? 2) how many and which variables would provide enough information?

2. Clustering method

Channdl 2, 4 or 5 pixes correspond to about 4 4 km at sadlite nadir (75°W). Pixd sze
is 4 8 km for channd 3, and I 1 km for channd 1. Images have full resolution in channds 2
to 5 but are sampled in channe 1 (one pixd for each channd 4 pixd).

Information provided by channd 1 is reflectance factor F (dso cdled “hidirectiond
reflectance’: CITA) while channds 2 to 5 provide brightness temperatures (T2, ..., T5). Two
types of additionad variables were defined: 1) differences between two channds T24, T34,
T54, related to T4; 2) texture in each channd (X1, ..., X5), defined as the logarithm of
vaiance in a s of 3" 3 dements around a centrd pixd. The firg type usudly dlows to
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separate thin from thick clouds;, the second one quantifies loca homogeneity of cloud field,
helping to separate dratiform from broken cloud. Thus, one pixel may be consdered as a
vector in a 13-dimensond space. Reflectance R instead of reflectance factor was chosen as a
variable, since previous works showed that it remains nearly constant for clear-sky conditions
and not dant solar beam, i.e. extreme Stuations of sunrise and sunset (Bottino and Ceballos,
2000). Rdationship between F and Ris

F=pL /S, R=fF/cosz 1)
where L, is spectra radiance detected in channd 1, and § the spectrd specific flux (of solar
origin) incident at the top of amosphere. Reflectance R refers to the redive irradiance
reflected by earth-atmosphere system (thus cosZ, Z= zenithal solar angle must be introduced).
Factor f accounts for a correction due to anisotropy of reflecting surface; usudly it does not
exceed 1.2 (Lubin and Weber, 1995) and will be ignored heresfter.

Objective cdlasdfication of imeges was performed following the “dynamic cloud’
procedure described by Seze and Desbois (1987). Basicaly, pixels were thought of as a 13-
dimensond vector in an Euclidean space, be pn(X1n, X2n, ..., X13,n), N=1,2, ..., N. Its distance to
reference vectors ri (rik, rak, -, F13k), k=1, 2, ..., K, or “seeds’ isgiven by

dnk :[é (Xm - rik)z]ll2 (2)

Each pixd is labeed by its association to the nearest reference vector, defining K clusters
with SzesN1, N, ..., Nk and centroids given by the average vector r'V) defined by

=23 3
ik N a Xik,n
k n=1

These centroids are taken as a new set of seeds and the N vectors p, are once more
classified. The procedure is repeated generating successive centroids r ™, m=1, 2, ... It is
expected for their displacements to be shorter a each new step. The iteration stops a&a m=M
when displacement vectors |r™-r (™| are smdler than a given vaue e for al centroids.
Noting that components X;, of a vector p, refer to phydcaly different magnitudes or might
have quite different numerical vaues, Sandardized yi, values were adopted:

Yin :(Xin_ <X >)/Si (4)

where ;> and s are the average and standard deviation of the i-th varigble over the N-szed
sample. Heresfter, vectors p are consdered defined by a set of standardized components.

3. Imagery data and processing

Ten days where chosen within period September 2002 and a South American sector
between 42°S and 20°S, 78°W and 40°W, extended from Peacific to Atlantic oceans. All
images consdered were for 1609 UTC (about 1200 loca time for central longitude). One
pixel was sampled from each two raws and two columns. It can be expected that dl
characterigtic types of clouds were present for the total sample (amounting more than 1.8.
million pixels).

Thirty-five seeds were used, observed in a previous work corresponding to a smilar
region but for January 1997 (Bottino and Cebdlos, 2000). A stopping value e= 0.04 was
chosen for iterations.
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Congdering that some variables could present redundancy (thus consuming too much
computer time), factor analyss in principa components was applied to centroid vectors using
SYSTAT software. After dimination of redundant variables, the classfication scheme was
applied again, in order to define a find st of characterigtic centroids. Fortran programming
was used, with double precision for floating point variables.

4. Results

Convergence of clustering procedure produced 32 clusters with centroids described by
Table 1. Two seeds had not close enough vectors. A third centroid was affected by absence of
actud information in chand 2, providing not acceptable vdues. Redive frequency of
classes was between 1.3% and 6%, that is, they were somewhat equaly distributed in the tota

sample.

class R T2 T3 T4 T5 T24 T34 T54 X1 X2 X3 X4 X5
1 67 2871 2442 2863 2851 08 -421 -12 -0416 -1182 -1793 -1581 -1504
2 95 28386 2407 2855 2839 31 -448 -16 0045 -0468 -1671 -0922 -0.839
3 168 2015 2453 2857 2847 59 -403 -10 -0066 -1106 -2.718 -6000 -1495
4 209 3189 2512 3109 3107 80 -597 -03 0398 -0122 -1439 -0099 -0.144
5 123 3020 2457 2971 2952 49 515 -19 -0014 -0.388 -6000 -0.756 -0.736
6 147 3004 2461 3031 3008 63 -570 -23 -0163 -0622 -1758 -0.958 -0.973
7 155 3112 2437 3036 3010 76 -509 -26 0138 0156 -1637 -0001 -0.078
8 136 2905 2406 2828 2812 77 -422 -16 1298 0351 -1665 -0.098 -0.173
9 221 3111 2511 3011 3008 100 -500 -02 0880 0711 -1076 0762 0714
10 247 3026 2375 2800 2734 225 -426 -67 119 0373 -0918 1229 1212
11 229 3048 2454 2013 2881 136 -459 -31 1650 -033% -1693 0527 0424
12 257 2995 2514 2833 2825 162 -318 -08 1535 0097 -1678 -0489 -0.583
13 232 2921 2415 2783 2767 138 -368 -16 2070 0597 -1495 0881 0.768
14 135 3019 2485 2962 2946 57 -476 -16 0069 0010 -1638 -0.355 -0.410
15 599 29026 2429 2712 2704 214 -284 09 2084 0644 -1319 0798 0695
16 171 3055 2394 2950 2917 106 -556 -33 0424 0656 -0890 1024 1.027
17 263 2952 2426 2813 2795 140 -386 -18 1682 0359 -6000 0504 0.385
18 673 2958 2443 2729 2725 29 -286 -03 1369 -0037 -1623 -0.837 -0.790
19 488 3050 2507 2799 2797 250 -292 -02 1252 -1057 -1814 -1361 -1421
20 185 2908 2356 2771 2743 137 -415 -28 1084 1123 -0574 1438 1408
21 734 2817 2351 2541 2528 276 -190 -13 1544 1258 -0732 0829 0772
2 504 3000 2477 2766 2762 234 -289 -04 1404 -0367 -6000 -0.948 -0.966
23 666 2906 2348 2527 2515 379 -179 -12 1119 0404 -1509 -0.127 -0.185
24 321 2936 2296 2601 2517 335 -305 -84 0879 -0058 -0812 0619 0530
25 423 2937 2394 2728 2718 209 -333 -10 1750 0005 -1579 -0014 -0137
26 656 2559 2274 2358 2349 201 -85 -10 0747 0348 -0916 0137 0099
27 128 2887 2365 2807 2782 80 -442 -25 0210 -0084 -1122 0368 0392
28 302 2795 2316 2581 2553 215 -265 -27 0977 052 -0866 0718 0658
29 331 2807 2329 2591 2567 216 -263 -24 1641 1420 -0389 1607 1528
30 543 2639 2284 2405 2392 235 -121 -13 1296 1159 -0344 1118 1021
31 496 2713 226 2354 2316 359 -128 -38 0836 0415 -0543 0607 0487
32 755 2529 2187 2213 2208 316 -26 -06 0352 0244 -1002 -0.301 -0.251

Table 1. Centroids resulting from multispectral clustering.
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Figures 1 illudrate a case of image classfication usng dl 32 centroids with 13 variables
each. The firg image presents an RGB compostion of temperature T4 (usng a sequence from
pure Red to pure Blue, from warmer to colder pixes) and reflectance R (usng a Green
sequence from darker to brighter pixels). The second presents the same image, with classified
pixels. The same RGB scde is used but discretized accordingly to R and T4 components of
respective centroids. It can be seen that (at least for components R T4) the clustering
procedure is coherent with the firg image. It is dso seen that some regions exhibit
differences, probably due to the influence of the other 11 components of centroids.

Figure 1. Results of classification for September 1%, 2002. Top: RGB composed image using channels 1 and 4
(see text). Bottom: classified image , with centroids following the same rule of RGB color code. Note that now
only 32 colors are present.

From a meteorologicd point of view, the main coud configurations might be classfied in
low, mid- and high leved clouds (which should influence on observed brightness temperature),
being shdlow (weskly bright) or deegp (very bright). In addition, cumuliform Structures should
present higher texture vaues while dratiform must present lower vaues. Also, some clugters
should be characteristic of clear-sky conditions (identifying water or soil surfaces). In order to
identify a minimal number of clases the Ward's clugtering method was applied to the set of
32 centroids in Table 1. Five groups were found, truncating the Ward's dendrogram just
before high increases in internd “inertid moment” is verified. The centroid groups were the
following:

Group 1: (26 —-30-31-32)
Group 2. a(21-23), b (24 — 28 —29)
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Group 3: (15-18-19-22-25)

Group4: a(10-12-13-17-20),b(1-2-3-8-27)

Group5: a(4-6-7-9),b(5-11-14-16)

Subgroups (a, b) correspond to internal clustering indde a group. Figure 2 illusrates R,
T4 digperson of centroids classfied in groups 1 to 5. Labes in the figure indicate possble

physcad correspondence from a meteorologicd point of view. They roughly agree with
previous works based on R, T4 informetion only.
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Figure 2. Results of clustering centroids (13-dimensional) using Ward' s method. Only two dimensions are
represented (reflectance in channel 1 and brightness temperature in channel 4). Labels (Ci= cirriform, St=
stratiform, Cu= cumuliform, surf= surface) indicate possible correspondence with meteorological classification.

No further andyss was peformed about additiona information provided by the
remaning 11 vaiades Given ther high number and the possble complexity involved, it
seemed more important to define which of them could be nonredundant. This task was done
usng factor andyss in principd components. The data marix was defined as having 13
variables with 32 samples (one for each centroid), generating a 13" 13 correlation matrix. The

number of eigenvaues higher than 0.8 (a Kaser-type criterion) was four, suggesting equd
number of actualy independent variables.
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var frl fr2 fr3 fr4 comm
T4 -0.977 -0166 -0.101 0.028 | 0.9931
T5 -0.970 -0183  -0.095 0.104 | 0.9942
T34 -0.946 -0054 -0255 -0124 | 0.9782
T2 -0.912 -0.149 0.210 -0.119 | 0.9122
T3 -0.842 -0.335 0.193 0.292 0.9437

R 0.758 0.040 0.484 0236 | 0.8661
T24 -0.731 -0134 -0.538 0.241 0.8998
X5 0.094 0.923 0.131 -0.251 | 0.9409
X2 0.239 0.896 0.195 0.075 | 0.9036
X4 0.047 0.857 0.241 -0.196 | 0.8332
X3 0.303 0.577 -0.363 -0044 | 05534
X1 0.135 0.416 0.807 0.109 | 0.8%44
T4 0.001 0.224 -0071  -0.961 | 0.9787

Table 2. Factor analysisin principal components for thirteen variables. Rotated factor loadings fr obtained by
Varimax rotation. Communality is shown in last column.

Table 2 presents factor loadings found by Vaimax rotation over four principa
components. Gruping variables are labeled in bold. It is seen that one fator is represented by
brightness temperatures, only one (for instance T4) could be adopted representing dl of them
(even the difference T34). In the same manner, texture in channd 4 could be assumed as
gatigicdly equivdent to X2 and X5. Texture in channd 1 (associated to cumuliform figds)
and difference T54 (probably representing the effect of water vapor and cirrus clouds over any
scene) should be adopted as independent variables. Intermediate variables (labeed in italic)
are X3, Rand T24; they include contribution of two different factors.

5. Conclusions.

Clugering by “dynamic cloud” procedure is condgent with usua anadyss usng only
reflectance in channd 1 and brightness temperature in channd 4. Although a high number of
scenes could be defined a priori, five man groups (or maybe eight) seem to be representative
for meteorologicd purposes. It is suggested that only four vaiables (namdy, brightness
temperature and texture in channel 4, texture in VIS channe and difference between channds
5 and 4) could be enough for proper description of GOES-8 scenes usng multispectra
imagery. With this basc information useful for saving computer time, more detaled objective
andyssisbeing performed & CPTEC meteorologica satellites group.

Refer ences

Baum B. A, Tovinkere, V.; Welch, RM. Automated cloud classfication of globad AVHRR
data usng afuzzy logic approach. Journal of Appl. Meteorology, 36, 1519-1540, 1997.

Bottino M.J,; Cebdlos, JC. Classficacdo de cenas em imagens GOES multiespectrais
mediante um méodo de “agrupamento dindmico”. XI Congresso Brasileiro de Meteorologia,
Anais, 3915-3923, 2000 (publicado em CD-ROM).

1134



Anais XI SBSR, Belo Horizonte, Brasil, 05-10 abril 2003, INPE, p. 1129-1135.

Farki B., D.; Dagorne, B.; Guillot, P.,; Le Borgne; Marsouin, A. Classification of clouds over
Africa with Meteosat 4. Veille Climatique Satdlitaire, Centre de Meteorologie Spatiae,
Meteofrance, 1993.

Lubin D.; Weber, P. The use of cloud reflectance Functions with saélite data for surface
radiation budget estimation. Journal of Appl. Meteorology, 34, 1333-1347, 1995.

Rossow, W.B.; Mosher, F.; Kinsdla, E.; Arking, A.; Desbois, M.; Harison, E.; Minnis, P;
Ruprecht, E.; Séze, G.; Smmer, C.; Smith, E. ISCCP cloud agorithm intercomparison. J. of
Clim. and Appl. Meteor. 24, 877-903, 1987.

Séze, G.; Deshois, M. Cloud cover andyss from saelite imagery usng spatid and tempord
characteristics of the data. J. Climate and Appl. Meteor. 26: 287-303, 1987.

1135



	indice: 
	tema anterior: 
	artigo anterior: 
	proximo tema: 
	proximo artigo: 
	indice_txt: índice
	tema_ant_txt: tema anterior
	tema_prox_txt: próximo tema
	artigo_ant_txt: artigo anterior
	artigo_prox_txt: próximo artigo


