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ABSTRACT

Ihis work desenibes the development of o smmple methed of field estimating the sky cloud coverage
percentage for several applications at the Broalian Antarchc Statlon, Forraz (R2T05'S, 582235 The
database of ths method was aequired by a dighal colorcamers in the visible range of the spectrm. A new
algorithm was developed o classify each pixel acoooding toa eriteria doeision process, The imformation on
the pixel contamination by clouds was abtained from the saturation companent of the intensity, hue, and
saturation space (THS) Forsimplicity, the images were acquiced with a limsted licld of view of 36 pHnang
o e camera's zenith e prevent direct sunlight from reaching the internal charge-coupled deviee (CCDY
i the cameri For a priori—classified clear-sky images, the securacy of the method was superior o 94%, For
oversasi-ehy conditions, the corresponding aceurscy was larger than 99%.

A companson eslowas performed with two human observers and our method. The results for the 29
imiges colleeied for several tme of days during 30 days i 1999 summer were compared 1o visual obser-
vatioms af these same digital images by two trained field meteorologists. Correlation coefficients hetween
human observers and the automatic methad ranged from (L84 for elear-sky conditions, and the [owest was

09 for undefined-=ky conditions

1. Introduction

Clouds are responsible for about 23% of the plan-
etury albedo, which allows them to playv an importunt
rele i the radistive balance in the atmosphere (Me-
Cartney 1975, Iribarne and Cha 1980 Arkmg 1990;
Haobbs 1993). Climatic moedels usuaily require reliable
information en clowd cover as input in order Lo produce
relihle: results (Seluchi und Chou 2001}, Long et al
{1994} use [ractional sky cover measurements obtained
by a sky imager instrument to establish a relationship
between the sky cover amount and diffuse cloud cover
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effect, which is of importance in radiative balance stud-
ies of the atmosphere. Furthermore, because clouds are
the maost impoertant factor modulating the solar radia-
tion incident on the éarth’s surface, information on
cloud cover state is also required far cadiative transler
muodels for several applications, namely, for the assess-
ment and usage of renewable energy (Pereira and Colle
1997}, Planetary albedo has been estimated by using
images from geostationary satcllites [Geostationary
Operattonal Environmental Saellite (GOES) and Me-
tecrotogical Satellite (Meteosat)], and from oblique
and polar orbit satellites [National Oceanie and Atmo-
spheric Administration (NOAA), Nimbus, Satclite de
Coleta de Dados (SCD)-2)] (Veissid and Pereira 2000 ).
However, because of the large spatial and temporal
variability, the routine assessment of cloud cover state
is usually very imprecise. The assessment of the cloud
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coveT Slite 15 mest often aecomplished By visual obser-
vation of the sky by trained meteorological technicians,
Addditional eloud cover information has Been obtained
by satellite-based fmase processing.

Cloud cover determination through the use of satel-
Htes has major inadequacies resulting from the large
ume and space vanability of clouds with scales smaller
than those allowed by maost of todav’s meteorclosical
satellites. A comparative analvsss of sivsatellite-hased
technigues for the determimation ot cloud cover state
was performed by Wielicki and Parker (1988), They
have shown that the resalts depend on the spatinl reso-
lution and coverage. The techniques that were evalu-
ated were the reflectance threshold, 1emperature
threshold, bispectral technigue method (BTM). hvbrid
bispectral threshold method (HETM), spatial coher-
ence, and functional box counting. Satellite time reso-
lution abse impeses dificully in the assessment ol eloud
cover staigs. The satellites usually emploved for this
purpose, GOES and Meteosat, vield data with bime
resolutions between 15 and 30 muon, and mseveral re-
gions, such as over South America, if s aol more than
L h ot maost,

I'he techmigues that emploved the reflectance thresh-
ald and temperature threshold are based on menospec-
tritl hands, which Lest cach pixel for reflectunce {visible)
or temperature (infrared ) reaching a threshold that de-
fines cloudy or clear-sky condition. The next pwia meth-
ods, BITM and HETM. are bispectrul: for example. they
use imagzes in both visible and infrared bands in order
to determine il a pixel is clear or eloudy. The spatial
coberence and functional box counting methaods are
based on the spatal variabilioe mside a clowd fOeld e
determine the cloud eover state. The functional bax
counting Lechmgue vses the spatial varmability revealed
by the reflectance threshold in order oy deternnine the
cloud cover stile inoa lower resolution than that ob-
served by the satelhre, All these techmiques require
validation by ground truth data, that 35, cloud cover
observed ot the surface (TES, Department of Eneray
496,

Determination of the sky cloud cover fraction s usu-
ally done through visual inspection by tramned human
observers in meteorclogical statiens (U5, Department
of Energy [996). When it is necessary 1o determine
cloud coverm a gualitative manner. photography of the
shv can be used (Santos 1937) Adter 1970, digital photo
techniques received o greal advance resulting frony the
development of the oplical astronomy and remole sens-
ing research (Slater 1980 Balsamao et al. 1997, More
recently, dizitul photography is becoming popualar, and
prices for digital cameras are falling rapidly as guoality
inerenses. Today there are several sround-based digital

AND OCEANIC TEOCHNOLOGY Vorwe 23

devices and cloud aleorithms, some of which are com-
mercially available. Davis el al, (1992) describe a re
sion-hased method For dloud imagery hased on the digi-
tal inlerpretation ol scanned shde pictures taken by
a comventional camera. Their cloud identification
method is bused on the seementation of the puages m
areas with similar color and texture. Peister-at al, (20040)
presented a new version of a technigue carlier de
serthed by Shiclds et all (1998 that applics filters i the
I, red, and near-infraved {NTR ) range of the spectra.
They employ rulios bebween the images inthe visible
and in o the red or NIR (o the cloud imagery, The
whole-sky imager also provides sky radianee. Their re-
sultsare reported for both davtime and nighttime condi-
tioms, Another commuercially available instoument s the
tofal-sky imager (TS0 by Yankee Environment Sysiem
finformation available online at bt saw vesine.com
productsidata/sis3N0, Ths equipment provides full-color
skyv imapes and real-lime processing as well as cloud
cover or sky conditions. Uroswlord ctal, (2003) appliced
FST toostudy cloud impacts-en UV spectral irradiance.

Sabhurg and Wong (1999) deseribe @ ground-hased
sky cumiery syslem Lor studying the effect ol clouds on
the UV flux level, Their technigue also uses a digital
camers Tor daty aequisition followed by the upplication
of a thresholding aloorithm. o this experiment. the
cantera is adapted 1o track the sun’s disk and vses the
area around the sun as reeion ol inlerest.

The objective of the present wark is 1o diesceribe o
simple aperational methodology to determing the sky
cloud cover o be continuously used al the Braglan
Antarctie Station Ferraz (627055, 38723.3°W) and
ather remode sites iy Antarctica, This work was carried
ot in response w the need to better actess intormation
an clowds for several climatic and environmental stud-
ies in thatarea, Cloud cover states s key information
lor developing chmatic models i Antarctica and has
impartant direct implications in regards 1o the climate
in Latin Americs, This region is important lor climatic
studies involving the radiative batance of 1he atmo-
sphere [Harrison et al. 1993 ) where o correct evalustion
of the coud cover state 15 necessary, Usually the sky
state al Ferrag s estimated by visual inspection by the
station's meteoralogist with all of the subjectiveness of
this procedure. Sky images are collected at ground level
by a digitdl camera and are analyred by a computing
code in order 1o elassily the mages pixel-hv-pixel ae-
cording Lo their eloud pixels and thus derive one guan-
titative index of cloud cover state. Our goal 35 to pro-
vide asimple, low-cost system o eperale in the existing
putomatic weather <lations in remoie areas where the
costs Lo maintain routine man-made observations s
prohibitive, such o the Antarctic continent, althoush
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several methods lor automatic cloud cover determing- Blue
lion do exist, The main difference of our method 15 the
tse of the information contained in the image saturg-
tian istead of colors or ratios between colors, like most Whi
ather reported methads do, % /7 Ite
SRS

2. Methodology Q?f a‘?
FTE 3

: S

Ihe images wers colleated at the Bricdlisn Amtarctic ,‘Q‘\
Station Ferray, in the Antarctic Peninsula. The experi- f,b{i'
mental work \\':Iﬁlpﬂ'rlf__n\ill'n‘n:d Lll.iril'l_ﬂ the second parl of Black Green
the summer, during 50 doys, from Tanoary w0 March
[ 999 Sowea S,

Red'

We used a Pixera professional digital camera, model
POSI0232, The opueal package used in this experiment
was it Ce-mount lens (F2.1L focal length = 5 mm). The
cinera wis mounted on the roof of one of the station™s
laboratories on o metal support. and 10 was electneallvi
clectronieally eonnected to.a PC microcomputer mside
for datn acguisition and storage, with the Geld of hall
view: {307 ) poanting o the camera’s renith. We did ot
use s widerangle lens because of the image pileup effect
at the barder. which muay couse an overestimation of the
cloud eoverage. Our proposal is W compensile for the
smaller arcu in the sky covered by each instantansous
image by increasing the number of images (trading area
for short acguisition time . The imases were returned
oy Braedl lor analvsisoal the end of the mission. In the
future, this procedure will be completely automated,
and the algorithm run in the field wall provide real-ume
mlormition on the cloud state. All images were col-
lected in the default mode of the eguipment on-a 24-hit
red-green-biue (RGE) JPEG format at a resolution of
ft) 2 3400 pexels, Data were collected starting at il
and encling ar 2000 LT, We did not have Lo be con
cerned with the shadowing of the camern lens because
the solar elevation never reached an angle high enough
to lel the direet sedar beam reach the camera lens.

Lhe primciple behind this methodology s based on
the optical charactenstics of ¢louds in the visible range
of the solar spectrum. Clouds are dynamic. syslems
characterized by a high reflectance, multiple scattering.
and predeminantly white color, with color shades rang-
ing [rom blue to red, On the other hand. the clear sky
in the background s characterized by hlug tones. with
shades ranging from green to red. and can be consid-
cred ws oo guasi-static system for short fime intervals
ischaeter and Day 1981). The solar radiation intensity
at the top of the atmasphere s o lunclion of solar dec-
lination and zenith angle for a given geographical re-
pion (lgbal 14953,

We developed o methad that takes inte account the
diflferent wavelengths captured by the camera. The

Fi. 1. RGH color cube with primary eolor lines that repregens
fodds erevn, and blue coloes, and the achromatic diagenal with the
vrigine i Lhe intersect poant belween red, green, and blue

methodd encompasses the transformation of 1mages col-
lected by the digital camera from the usual RGT colv
space o the inlensity, hue, and saturation (THS) space,
The [HS color attribute spage. as the name suggesls.
diwes not work directly with colors, as ROE does, but
with the color’™ attributes, which ultimately is how the
human eye perceives the sources,

The ROGE moedel s commoniy used by television
manufacturers: based on the chromaticity diagram,
which is, in effect, a graphic representation of color and
saturation for o constant brightness (ol intensity aof
raddiation),

Figure | shows the RGH color cubg with primary
coler limes that represent red, green. and blue colars,
The figure shows the achromatic diaganul with the on-
gin at the intersect point between red, green, and hiog,
This intersecting point represents the black color; the
exireme of this diagonal represants the white color, Fig-
ure 2 shows fwo representations of the 1HS space. Fig-
ure Za showsa color triangle. with the vertex represent
ing the red (R). green (G, and blue (8] colors, In the
certter of this triangle there 1s@ point that represents an
achromatic point linking each vertex, The volor satura-
tion incresses from the eenter 1o the edee of the -
angle, and the angle bebween hue (A) and point P
shows the selected color. Figure 2b shows the combi-
nation between hue, saturation, and intensity in the
three dimensions of the color space.

[n the [HS system, the intensity (/) s the measure-
ment ol the total energy in all waveleneths that reaches
the cve. Intensity 15 responsible for the brighiness sen-
sation and is obtained from bq. (1)

1
."=1H+{_:‘+H|. {1

IR
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Frea 2. The THS space: (o) color trmngle,wih each vertex tepeesenting the red, green, aod
bliie citor. In the center of this triangle there &5 3 point that tepresents the achromatic. pain
linking cach vertex. (b) The combination between hue, saturation, and intensity in the three
dimensions of the color space. (From (Goneales and Woods 15020

The eolor hue (H) s deseribed as the measurement of
the rellected or emitled spectral fight, thus defining the
ohject color and is obtained lrom Lg. (23
| V2R - 00+ (R — R/
H=vos™ g - — - =&
R — Gy + /-GG — B

(2)

e saturation {(5) s described by Eg.43) and expresses
colar “purity™

L [ — [min( R, 7. f1]. &5

(R +. G+ H)

Clolors with high saluration are said to be pure, such
as clear sky, Colors with low saturation (much grav) are
pastel colors, such as clouds. More details regarding the
mathematics ol this transformation can be found in
Gonzalez and Woods (1992), and Harley and Axthur
{B503):

Througl visual inspection. it & possible Lo see that
clouds have high reflectance, a predominantly white
color {caused by multiple scattering), and show colar
shades varying from blue to red diluted in @ white ma-
trix. which characterizes a mix of several wavelangths,
Cn the other hand. clear skies during the daytime
shows predominantly blue wnes, with coler shades
ranging from green o red (Schaefer and Day 1981),
which typically results in high saturation values.. Fol-
lowing this scheme, clouds show Jower saturation val-
ues, and clear skies shows high saturation values, Thus,
saturanon was selected as the compenent fromm the 1HS

space 10 be used i the development of the classifica-
tion algorithm presented fn this paper,

Frgure 3a shows o st image collected al Instituto
Nacional de Pesquisas Bspaciais’s (INPE™s) headquar-
ters in Sao Jose dos Campos. 580 Paolo, Brazil, selected
tor dllustrate the method; The scheme for charmeleriang
cloudy and clear skies can be seen in Fig, 3b and Fig. 3e.
Figure 3b-shows sataration for line 152.0f the test image
(shown i Fig, 2a). The saturation s the spectral vari-
ahle that can be explored as a gauge for pixel contami-
nation by clouds. Figure 3¢ s Lthe saluration map for the
entire imase associated with the picture shown in Fie,
Fn. The example in Fig. 3h shows for instance that pis-
cls around 64 and 192 are characternized by suluration
levels of around 100 and correspond 10 a clear sky,
while pixels 128 and 640 have lower saturalion levels
and correspond 1o resions where clouds are undoubi-
edlv present.

. Pixel classifteation
Three classes were defined o classify image pixels:

« clear shyv, wentilied by label 13
= cloud sky. identified by lahel 2:
« undefined, identified by label 3.

Figure 4 shows the three predefined classes of sk state
inan image. An undelined pixel represents the transi-
tion of image saturation values resulting from the trans-

VUhe Brarilizn Natiena] Institaie for Spage Rescarch,

P —
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i 30 (a) Test image collected . INPE s headiguarters in 5&0 José des Camipos, Brazil, |The red line indicates the ssiuration
curve sl in (b | (k) f.llilll:.'l.' 1 saturtion for ling 152 af the test image. and (o) saturation map Ton the test

lucent cloud sone, Cther oplicsl cffeces such as scatler-
ing by aerosals may also assign g pixel as undelined. A
fube! wus associuted with each of the predefined cloud
states according to each class, Figure 4 shows training
arcas chosen ns classes vsed 1o teach the classifving
algorithm.

b Classification and thresholding

[he classifving aleorithm implemented in this work is
the simplified parallelogram, where cach class is repre-

sented by an upper and 4 lower threshold for each at-
tribute used in the classification process. Thus, in the Fiii. 4. The three predefined classes of-sky state shown i an
case of a4 one-dimensional space of attributes, the par- image

B
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Class 2

Attribute 1

i

Transition’s region

Class 1
Attribute 2

Fro, 30 Example of classilication using thi supervised

pacallelepiped methisd,

tition associated with a cerlain class will be o line sea-
ment. In the two-dimensional space. the partition will
be g rectanele. and i the three-dimensional space the
partition will be a parallelepiped. and so on, A pixel is
then clussilied as helonging 1o o class ina region whaose
attributes are within predefined ranges between the up:
per and lower thresholds of each attribute.

Figoure 5 shows an example of classificalion using the
supervised parallelepiped method. W s possible 1o see
the separation of the two classes through the ellipses.
represeanting the type-l and -2 elasses in the space of
attributes. It is also possible 1o observe a rectangle de-
fined by solid lines. It représents both the pixels inside
the ellipses and their neighboring pixels. This areu in-
side the space af attributes is designated as being the
transilion region,

l'o determine the upper and lower thresholds Tor
cach class, the average and standard deviations of the
vitlues of the saturation attribute were used in the train-
ing area, Thus,

lower threshold =, — e,

L
upper threshold = w, + i, (4]

I these equations, g is the group averape, o, 1% The
class standard deviation, and 7 equaling 1. 2, and 3 rep-
resents clear, cloud, and undefined classes, respectively.
Assuming that attributes follow o normal distribution,
then for e = 3 the area of the normal distribution in the
range i w0 — Zerand g+ Ser wall be 09973, Thus, o =
3 defines thresholds that comprise S9.7% ol all pixels
falling within this specific class, Figure 6 shows-a plot
with astandurd devistion and averpges for the clear-sky
and the cloudy-sky classes, Of course, s tvpe ol tran-

MoLuME 23
ing will work only if the averages of each class are well
separated; Tor example; o class overlapping in the cho
sen class interval must not occur, If this condition 15
mel, one has

a pinel belongs 10 the ¢lass clowd if v =2, = 3¢

Fit
a pixel belomes W the eluss clear shy il o = . — 3o,

a pisel belones o the class wedefined i g,

o e

Acset ol test images was agquired several times dur-
ing the day. These images were processcd according 1
the three-group classitication scheme. These clusses
were used for the standardization procedure in the de-
termination of the image thresholds for clear-, cliudy-,
or nndetined-sky-state praels

To canstruct the threshold intervals for each class, we
have selected by visual mspection 20 clear-<ky imagces
and 20b overcast-sky images. brom these reference
dutusels: the thresholds: {averages standard deviation)
for each class were defined. and Table | shows the
results for w, ir. pocand oo For alponihm testing,
29 images were selected inoseveral Iocal times angd dif-
ferent davs during the 30 days of study in the summer ol
1999, These digital images were analvzed by human
observers who did not kpow the algonthm resulis, und
the estimates are compared.

3. Results and discussion

The validity of the method described in this work &
limited 1o high latitudes, where the solar elevation 2
small all vear round and the sun never enters the field
of view of the camera lens setup (3670 AL lower lali-
tudes. ‘it is necessary to add a shading device to the
eptical system o avoid the dircel incidence of the sun
over the charze-coupled device (CCD) svstem In ad-
dition, there are problems arising from the scattering of
sodar radialion by the sky and clouds close to the ap
parentsun position that would need (o be handled by
uddilional image treatment technigues.

Our simple method was (ested by using a packuse ol
29 images reprosenting several situations of cloud caver
in different davs und local times that wie judee to be
representative of the study areu in e Antarctic Pen-
insula. The resules show that the methad was capable of
defining the cloud cover status with an accuracy of bet-
ter than 949 for clear skies and 99% {or cloudy skies,
These aceuracies were determined from the percentage
of pixels that the alzerithm correctly dentified accord
ing to hwman observers. Thus, g set ol imases thal
were previousdy known by visual inspection as being

]
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clearsky imoges: the method was capable of classifyving
pixel by pisel as such in more than 94% ol the pisels in
cach image: The accuracy Tor totally overcast skies was
analogous,

Table 2 shows he resull ol the classilication process
performed vver the package of 29 images. The classifi-
Citlions are given i percentage of pixels in relation w
the tatal number of pixels in the full image. The auto-
muatied chissilication resalts are shownoin the first three
columns as clear-, undelined-. and cloudy-sky percent-
ages. The next columns correspond o the estimates
made by observers for the same images, Estimates la-
beled on observer 1™ were made by a trained INPL
field observer. The column: labeled “observer 27 car-
responds 1o o combination of visual inspection of the
same images performed by two lostituto Nacional de
Meteorologia (INMETY figld observers. Therefore,
the Lwo relerence dalusels are representative ol visuul
observation and bear their characteristic subjective na-
ture. Becuuse of logistic Imitation and elevated cost it
was ol possible to carry ot this part of the work 1n
real ime, with abservers in the field during the exper-
ment. Thus, a package of printable copies of the same
images was sent o cach observer for classification n
thetr home institutions: [nall eases. the decision on
clovdiness was made by using procedures of visual o
spection of imagzes and sélecting regions of nterest,
similar oy whal would have been musde in the field. The
idea here is noet Lo contrast conventional with autonulic
methods for clowd cover estimation, but rather o un-
derstand some basie differénces between the two,
miinly with respect to the effects of the subjectiviness
uf the results

“The Brazilion MNational Institute of Meteorology,

By comparing the human classifications with the re-
sults Trom the autematic classifving alpgorthm. we can
easity detect several discrepancies between thelr result-
ing wvalues, Furthermwre, classifications made by each
ndividual observer over the same set of imuaees ofwn
dopot agree with each other as well, For example. on
inmtges 12 and 25 the visual classification indicated o
totally overcast sky, whergas the automated method
vielded variable valies of cloud amount, Another ex-
ample ocours on image 24 where Lhe sky was classiticd
as having vanable amounts of clouds by observer [and
was [00% undetermimed a3 noted by observer 20 We
helieve the discrepancies between observers ocour be-
cause of the subjective nature of the visual observa-
tions. [Hserepaneies between the observer and the
method are mostly Hnked 1oa weakness of the mathod,
possibly resulting from the training procedure illus-
triled in Fig. 4.

Figure 7 shows plogs with the correlation results o
the 29 images listed in Table 2, The first theee plots
show the clear-sky results, Teis observed that data irom
the two human ebsérvers shown in the first plot yielded
a correlation factor of 081 between each other, with
only a small bins and one prohable outher Tor observer
1at 10, The correlation for eur method versus that of
observer | vielded n comparable correlation coefficient,
but with o much larger bias [or low elear-sky percent-
ages. Results for observer 2 degraded a great deal, hoih

I'anie 1. Saturation cotolf thresholds,

Wariable FRrAmetel Walie
L Clonds averagpe 12.7
T, Clowds standard deviation 37
i Clear-skvave 453
i, Clear-sky standard deviation 24

N
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25 {1 .2 ue.7 KA}
26 14.1 LE 51.1 LAY
27 k4 4.1 i L5
28 a3 8 T4 150
e 240 4.1 B 100

im terms of the correlation coefficient and in terins of
bias. This indicates that both observers are producing
consistent information on cloud cover independent of
its amount. while the elassifier is apparently produc-
mgoan overestimulion for low values of cloud eover
in comparison with thal of the observer’s, Nevertheless,
one cannot conclude at this stage that our method
is producing results that are less accurate than those
produced by the human observers, but rather that the
observers are producing mutually consistent resuls.
Classifications for cloudy pixels have shown the same
D31 correlation coeflicient hetween observers, but have
much paorer resulls when compared to those of the
human observers, The worst cases were abserved
for pixels classified as undefined, In such cases. the
classifier has shown almos) o correlation with the
results from human observations, We helieve this ap-
parently powr resull reflects the subjective character of
the human observations when dealing with uncertain-
ties.

Table 3 shows the relative values for normalized

FAsiF 2, Toral resulls of the classification for cloudiness 1M gEs,
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S0 A58 514D 128
1548 FA) IT5 250
LA 2008 0, T5.0
1511 414 a0 12.3
200 40 2300 23
A0 4500 A7: 145
LD S0 [E] (IR
kR BUEE Rk} gl
54 G54 250 (1AY]
341 fisil 2510 Lo
50 s (EA] 1235
30 930 i 125
A 0.0 (0 S0
3D T0 HED F5E
300 3.0 il 1315
VR =4 125 125
NN R0 251 LI
Liail Al 625 (.40
L i XN} 2540
20 “ELLD HRH] 251
A5 B0 HET] 315
a4 il i) (NEA | 250
[ A5 [NAH] U TRH
A1 95,0 L0 125
a0 850 250 (.41
ki) Ga 0 3r3 (N
250 (EARN £ i 1 7.

JLEH B i) G L

root-mean-sguare error (NRMSER and normalized
mean hias error (NMBE) for the 29 images listed in
Table 2 The NEMSE shows that the variation is higher
for both observers and our method to undefined con-
ditions. Mexl came the clear-sky conditions with 0.6
similar results were found for abserver 1, But, for elond
conditions the method of observer | versus our method
showed the lowest value for NRMSE, 0.3, These results
show that the large errors e observed for undefined-
sky conditions, which was abserved in (he lineéar corre-
lation coefficients.

For clear-sky conditions, observer 1 presented a
larger Bias (—{0.5) when compuared with our method.
For undefined comditians observer | and observer 7
shiows the similar resulis: overestmation with NMBE
cquals 1. For cloud conditiens, both observers have pre-

PNRMEE = [(5¥ (v, — 2 PP % (Zeaagl
PNMBE = [EY (v, - o V¥ ] where X is sky conditions from
o method and ¥ i sk conditions from obseprers,

b B
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P 7. Carrelation among human observers and the automatic method: (fop) clear-sky conditions, {middle) cloudy-sky congitions, and

(hattom ) undetined cordinons; {Teft) observer 1 % observer 2 (middle) abasrver 1

sented good aereement with our method results. These
results imply that our method overestimates clear-sky

fractions given by observers 1 and 2.

F'av further dry too understand the results from our
methad, we applied the technigue of cluster analvses by

TamE 3 Normalized vilues for mmse and MBE.

Oibserve D Sky v Method _Sky

Cservel Siy ve Method _Sky

Cibservel Undelined vs Method Undefined
serve? Undefined vi Method Undefingd
Observel _Cloud vs Method Clowd

Crhservel Clowd vs Method Cloud

NEMSE NMRE

< progrint. snd {right) observer 2 0 program.

employing a tree-clustering algorithm availahle in the
“Statistica” software package (StatSoft 1999, The pur-

pose of this algorithm is to join together objects mito

successively larger clusters, using some measure of
sunilarily or linkage distance between resulis (Davis

P73 By deing so. the relation between the groups of
variables is revealed, Hesules of this analvsis are usually

displayved as dendrograms or tree diagrams m which the
vertical axis represents the linkage distance and the
horizental axis shows the variables, wherein the larger

06 =15 : ; AT

e o the linkage distance, the lower the similarily between
7] 1 variables, Fizure 8 shows a trée diagrani based on the
2.6 ' Euclidian linkage distance berween the results deter-
3 0.2

L4 o1

mined from observers 1 oand 2 and the classifier pro-
pram, Hetemn O2 N, O1 N.oand P_N represent cloudy

T N e
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Tree Diagram for 8@ Variables
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pixels variables from ebservers 1, 20 and the classifier

program; G20 O1_L and P_I represent the variables
for undefined paxels: and the other variables represent
clear-sky preels. 1t shows that resulis for clear and
cloudy skies belong to distingt clusters, both for our
moethod and for the observers. This 15 an expecled result
becavse both sk states are mutually exclusive and con-
stitute by far the most common observations:

The undefined pixels, hiwever, constitute o separatye
cluster closer (almost the sime Euclidian linkage dis-
tanee) to the clear sky in all the obseryver’s datasets,
This suspests thut all classification methads (homan or
computer ) classified an undefined pixel as aspecial case
of cleir sky, or a contamination of clear-sky pixels by
clouds, Going up 1o higher-level branches of the clus-
tering method, we can see that the cluster analyses dis
eriminale between abservers and our method moall
cases (cloudy, undefined. and clear skyvi. The informa-
tion provided by this cluster analysis give us a hinl on
the consisteney of 1he automatic process and on the
adeguaey of the training process. For exaniple, it was
interesting o note that the cluster analysis “sees™ (he
outpul from observers and from the methad in the
same Jom-level clusier that includes elear and undefined
skics towether, This i an indication that the correct
tramming has being transferred o our methaod. Further-
more. it 1s clear in the clustering process thal the ob-
servers and the method abways [all inte distinet higher-
level clusters. In our interpretation, this s an indication
of the subjective nature of visual observations, Perhaps
il the automatic methpd was trained indefinitely it
wauld ultimately reproduce exactly the same results as
those given hy human observer, bul we doubt that the
subjectiveness would cver be incorparated into the au-
wmatic procedure. OF course, the limited number of
mages precludes us from coming W oa conclusion on

AN OCEANIC TECHNOLOGY Vorrae 23
that, The cluster an analviis was carried oul to validate
o methododory and. oo certain extend il was sue-
cossiul

These results support the J'inn’:iiugls af Fig. 7 by show
ing thal the estimales ebtaned by human ohservers are
consistent with ewch other. This consistency is probahly
linked to the human quality of the selection procedure
with s wreal deal of subjectivity but s based on the
same process of judgment; On the other hand: our
methad vielded resuits that are inconsistent with the
observer’s. predomimantdy i the resulis ol undefined-
sky states, Nevertheless, this does not necessarily mean
that 1he sky-stile estimales frony the compuler algo-
rithm are fess accurate than these from human obsery-
crss We can conclude that our method s producing
results that reflect the machine nature of the selection
pricess,
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