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This paper analyzes observational data on zenith sky brightness within three spec-
tral ranges around hy = 0.42 pm, Ay, = 0.53 pm, A3 = 0.69 um. A possibility of detecting
a cloud of any type at zenith from the position of its chromaticity point in the tricolor

diagram is demonstrated.

When interacting with the earth’s atmosphere,
optical radiation alters its own parameters: ampli-
tude, frequency, direction of propagation, and degree
of polarization. Suffering these various changes, the
radiation accumulates information on the optical
characteristics of the medium it propagates through,
in particular, on the characteristics of aerosol and
cloud fields. Rapid identification of clouds in the
sensing beam paths, and retrieval of their parameters
from the results of optical observations are one of
the crucial problems of atmospheric optics.! The pos-
sibility of solving this problem employing means and
techniques of passive sensing in the visible spectrum
constitutes the subject matter of the present article.

By analyzing spectral luminance distributions
from cloudy and cloudless skies (e.g.. Refs. 2 and 3),
one concludes that the differences in such distribu-
tions can be considered a source of information for
solving this and other related problems. In the pre-
sent paper we analyze results from luminance obser-
vations of cloudy and cloudless skies in the Southern
Balkhash Lake region. Measurements were con-
ducted using the spectrophotometer described in
Ref. 4 (A = 0.42, Xy = 0.53, A3 = 0.69 um, field of
view of about 5 arcmin). This is a spectrozonal in-
strument recording the incoming radiation spectra in
several spectral zones. All in all, 40 realizations,
each 3.5 hour long, were analyzed at a temporal
resolution of about 15—20 seconds.

The results from processing these data are pre-
sented in the tricomponent diagram (TCD) as chro-
maticity point coordinates m, n, [, defined in terms
of the color-separated signals
m=U/T n=U/Ts L= UT T U U Uy,
where U; (i = 1, 2, 3) is the output signal of the inte-
grating photoelectric converter; T is the total signal.
For narrow spectral ranges Uy can be written as

UI = k'G(ll)tr(i\l!r(A’W(Al}. 2)
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where k is the recording device sensitivity; A; is the
wavelength; G(Ly), tA%1), t(ry), and W(L,) are the
spectral parameters of the photoconverter, the spec-
trozonal filter, the target under study, and the inci-
dent radiation, respectively. Each element in the
TCD was demonstrated” to affect all the variations
in spectral characteristics, provided they do not dis-
place that element in the system chosen for assessing
spectrozonal distribution of radiation energy. If the
spectral characteristics of the converter and filters
remain unchanged, then, following (1) and (2),
variations in chromaticity coordinates would result
from changes in spectral characteristics of the target
under study; indeed, relationship (1) does not de-
pend on the detector sensitivity.

Variations in spectral characteristics of the at-
mosphere as a scattering medium are known to relate
to changes in the type of radiation scattering parti-
cles, their number density and size. Scattering prop-
erties -of air molecules and other, larger particles,
such as aerosols, cloud particulate matter, ice crys-
tals, differ from each other. That is why clouds in
the atmosphere generally seem white against the
background of the blue sky. When clouds are pre-
sent, white light scattered by clouds contaminates
blue radiation coming from cloudless skies and the
latter becomes different from the ’base of pure
Rayleigh scattering.® Using tabulated values of the
spectral solar constant, e. g. Ref. 7, one can compute
the chromaticity coordinates for a given set of wave-
lengths, and then use them as a TCD reference point
to characterize aerosol scattering. The second such
reference point might be the chromaticity coordi-
nates for pure Rayleigh scattering.

By a preliminary classification of situations re-
lating to various cloud types, we applied a condi-
tional scale and employed in it the optical character-
istics from the cloud classification presented in
Ref. 8 (by color and transparency): a is a clear sky,
haze; b is a veil; ¢ are white or bluish homogeneous
thin clouds (no greyish shades); d refers to grey veil,

1990 Institute of Atmospheric Optics



V.K. Oshlakov

grey cloud bottoms, the Sun shines through as
through a milky glass; e refers to grey dense clouds,
the Sun does not shine through.
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FIG. 1. Temporal variability of chromaticity coordi-
nates and of the total luminance signal from Cu clouds
passing through zenith (partial realization)

Figure 1 illustrates the character of changes in
chromaticity coordinates and in the total signal dur-
ing passage of Cu clouds across the zenith. Figure 2
gives the averaged values of chromaticity coordinates
(more than 120 points all in all); preliminary classi-
fication zones are shown in the ml plane.

Averages were calculated for sets corresponding
to the situations described above. The averaging in-
terval varied from 15 minutes to three hours, de-
pending on the stability of the situation. The dia-
gram gives the coordinates of the reference points:
squares refer to Rayleigh scattering; circles-to energy
distribution in the solar spectrum; triangles-to the
most probable values of chromaticity coordinates for
cloud cover and breaks in cloud cover; a local distri-
bution was processed taking a realization of May 23,
1989 (Fig. 3, Cu clouds). According to a visual es-
timate they were white clouds with bluish- grey bot-
toms, observed against the background of a blue sky;
the Sun was able to shine through cloud edges. This
example refers to a single-layer cloud realization.
When several layers of clouds are present, and the
upper layer clouds can be seen through breaks in the
lower and/or middle cloud canopy, a multi-modal
distribution is observed. with its separate modes oc-
cupying adjacent areas as demonstrated in Fig. 2.
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FIG. 2. Average values of the zenith chroma-
ticity coordinates for various situations: a) clear
sky; b) veil; ¢) white or bluish homogeneous thin
veil, white clouds (no greyish shades); d) grey
veil, grey cloud bottoms, the Sun shines through
as through milky glass; e) grey dense clouds, the
Sun does not shine through.
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FIG. 3. The zenith chromaticity coordinates prob-
ability distribution in the presence of Cu clouds.

The possibility of distinguishing between ob-
jects leaving close color characteristics is determined
by the color threshold of the system. When analyz-
ing the actual target TCD distributions, the notion
of the color contrast p. is employed. This contrast is
defined with respect to the target background. Geo-
metrically it means the distance between the areas of
different types, e.g., in the (ml) plane
o (m D) = [(m-m)% (T-T)%%"

3)

Tables I, II, and III present the color contrasts for
adjacent areas on an arbitrary scale (Fig. 2) for vari-
ous combinations of average chromaticity coordinates
m, n, [.

If the system color threshold is known, one can
find from tables, similar to Tables I, II, and III,
which-of the actually observed situations can be dif-
ferentiated by the system. Figure 2 also demon-
strates the regression line computed from the total
ensemble of color coordinates. With a 95 % probabil-
ity the linear correlation coefficients fall into the
ranges: R,, = (-0.82...—-0.9), R,,;=(—0.9...—0.98),
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R,; =(—0.18...40.2). One should recall that the
data presented here refer to projections of chroma-
ticity points from three-dimensional space m, n, .
Retrieval of the type and character of the distribu-
tion for the multitude of points reflecting both color
and spectral characteristics of daytime sky in this
space presents an interesting separate problem.
Meanwhile, let us only point out the linear character
of the mutual positions of the projections of chroma-
ticity points upon the m/ plane.

TABLE I
Color contrast p, (i, n)
a 5 c d e
a 0
b 0.08 0
c 0.14 0.06 O
d 0.3 0.2 0.14 0
e 0.35 0.27 0.21 0.08 0
TABLE 11
Color contrast p (i, )
a 5 c d e
a 0
b 0.09 0
c 0.17 0.08 0
d 0.29 0.27 0.13 0
e 0.41 0.32 0.24 0.12 0
TABLE 111
Color contrast p, (7, D)
‘ a b c d e
‘ a 0
| & 0.05 0
| ¢ 0.10 0.05 0
| @ 0.18 0.13  0.08 0 |
e 0.25 0.20 0.15 0.09 0 |

Let us also note the possibility of applying the
dichotomy principle to our analysis. It consists of
dividing the TCD into two half-planes, correspond-
ing to “cloudy” and ”"cloudless” situations, regard-
less of the form and type of clouds.

Division of the color space into two subspaces is
done by means of color filters,” their principal pa-
rameters being the shape and size of their spectral
windows. These filters are described by two-valued
predicates [Pr]. For a window of simple shape in the
(ml) plane the [Pr] is written as
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Y,(ml) = {}‘[a” U, #iag, Woway, T3 o]=1, (4
Here k = 3 is for a triangular window, k& = 4 is for a
quadrangular window; k =1 is for the separating
line; a;, ay;, aj; are coefficients to describe position

of the lines forming the window in the plane; Uy
is the color-separated signal and T is the total sig-
nal; [Pr] is the representation relating a certain
function to the predicates, such that Y(ml) =1 for
true, Y(ml) = 0 for false ones. In our situation, the
separation into ”"cloudless” and "cloudy” sky classes
can be written in the form

Y(ml) = [0.25m - 0.14L + 0.17 > 0] = 1, (5)

1 - cloudy
Here Y(ml) = {O — cloudless’

The position of the line in Fig. 2 is presented by
points 00'.

Note that the position of the TCD dividing line
and the formulation of the decision rule depend on
the needs of the information user.

In the course of analyzing the technique capa-
bilities and measurement results, linear decision
rules using triangular and rectangular window con-
tours with various orientations of their TCD plane
were also tested. No basic difficulties were encoun-
tered. However, statistically significant amounts of
information on each chromaticity class are needed
for valid conclusions.

To assess rapidly the functioning conditions for
an optical system, the decision-making rule (5) and a
qualitative estimate of the optical situation (Fig. 2)
were employed. In particular, we determined the
probability for the sighting line to be obscured. For
that purpose we performed the ratio calculation of
the number of cases Y(m, [) = 1 from temporal series
of chromaticity coordinates from a given direction to
the total number of observations to obtain the prob-
ability of clouds of any type along the sighting line.
For example, for the situation shown in Fig. 3 the
probability of zenith coverage by clouds is about 0.7,
and, conversely, that of a cloudless situation — 0.3.

Thus, the application of algorithms and tech-
niques from coloristics for target classification in
terms of their color characteristics has produced a
decision rule to identify the presence of clouds along
the sighting line from the position of its chroma-
ticity point in the TCD. The possibility of retrieving
the probability of coverage/openness of separate
sighting lines from photometric results with the help
of this rule has been demonstrated
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