St. Petersburg, 5-9 July 2010
25th International Laser Radar Conference

IMAGE PROCESSING FOR AUTOMATIC CLOUD DETECTION FROM LIDAR DATA
Alessio Baglioni1, Massimo Del Guasta1
1

Istituto di Fisica Applicata “Nello Carrara” IFAC-CNR, via Madonna del Piano 10, 50019 Sesto Fiorentino
(Florence, Italy), a.baglioni@ifac.cnr.it., m.delguasta@ifac.cnr.it

disturbed by drops falling on the window and must
therefore be considered useless.

ABSTRACT
The purpose of this paper is to demonstrate a technique
for automatic cloud detection from Lidar (Light
Detection And Ranging) measurements. Most of the
algorithms used for the detection of clouds are based on
an analysis of each Lidar signal (S), and a detection
technique is often based on the study of the first and
second derivatives of S.

Some characteristics of the Lidar instrument are listed
in the table below.
Table 1: IFAC-CNR Lidar parameters.
Laser
Telescope
Channels
Range Resolution
Measurement range
Time resolution

The technique that we used is based on the analysis of a
set of consecutive measurements. The algorithm
responsible for the detection of clouds uses a singleimage processing.
1. INTRODUCTION
The backscatter Lidar system is a powerful instrument
for monitoring atmospheric parameters (backscatter,
extinction, optical depth) and processes (boundary-layer
growth, aerosol and cloud layering, etc).

Quantel Brillant B
Refractive, 10 cm diameter
532nm (p&s), 1064 nm
7.5 m
50÷14000 m
5 minutes

3. METHOD
The aim of our work is to develop an algorithm that
could automatically process the Lidar data and detect
and characterize the clouds [2].
The software optimizes and prepares Lidar signals for
subsequent analysis, the aim of which is to detect
clouds in the atmospheric profile sounded.

The role of aerosols and clouds in the Earth’s climate
system needs to be better understood because of the
complexity in interacting with atmospheric components
and controlling atmospheric dynamics [1].

The first step involves the following operations, which
are automatically performed by the software:

The characterization of clouds and aerosols needs to be
improved in view of the diversity of their microphysical
and macrophyscal characteristics, both in space and in
time.
Since the IFAC-CNR Lidar takes measurements
continuously every 5 minutes, a fully automatic
software for analyzing the atmosphere sounded by the
Lidar is necessary.
In this paper, our attention is focused on cloud detection
and on the retrieval of the optical parameters of clouds.
The approach that we have chosen does not consider
each single measurement, but rather a set of 24-hour
consecutive measurements of each day.

1.

Instrumental background subtraction;

2.

Signal denoising, using a Wavelet-based
method;

3.
4.

Offset subtraction;
Normalization of the range-corrected signal
(RCS=Sr2, in which r is the range);

5.

Extinction
correction
backscatter (0).

of

normalized

In point 4, the software scans the RCS and finds, where
this is possible, a region of clear atmosphere in which
the RCS can be normalized. The normalization ratio is
calculated by knowing the value of the molecular
backscatter, M, at the same height (z=zR) of the region
selected. M is calculated using the Rayleigh equation:

2. INSTRUMENT
The IFAC-CNR elastic backscatter Lidar system is
located in Sesto Fiorentino (Florence, Italy, 43.49 °N,
11.12 °E, 50 m a.s.l.). The instrument operates 24
h/day with zenith observations. A glass window
equipped with a power window for the laser beam
makes all-weather operation of the Lidar possible. In
the case of precipitation, the Lidar signals are obviously

 n 2  1
M 
N4

2

in which n is the refractive index, N the air density and
 the wavelength.
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In point 5, an iterative method is responsible for the
extinction correction at z<zR:






Once all the measurements of the day have been
processed, a plot similar to the one in Fig.1 is
generated.
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in which CM=8/3 is the molecular extinction-tobackscatter ratio, and C=C(z) is the aerosol extinctionto-backscatter ratio. The value of C is imposed by
making it equal to 30 when the depolarization ratio is
greater than 0.15, and otherwise as equal to 20 (water
clouds). The iteration ends when:

Figure 1 Time-height record of Lidar measurements
collected at IFAC-CNR on 20 June 2009.

We chose this set of measurements in order to test the
software on a day characterized by variable conditions.
In Fig. 1 it can be seen that there are clouds at an
altitude between 2,000 and 4,000 meters or between
7,000 and 10,000 meters, and also free sky conditions.

zG

5
 C  n1   n2 dz  10

zR

For the forward solution (z>zR) , the software looks for
a peak of 0 that is identifiable as a cloud. If it has been
found (and it is also possible to find a region of clear
atmosphere above the peak), an a priori estimate of the
cloud’s optical depth is calculated from the ratio
between the value of 0 below the peak and the value of
0 at a point of the selected region of clear atmosphere.
In this case, an iterative method similar to the one used
for z<zR is applied, but uses, for the entire backscatter
profile, the same extinction-to-backscatter ratio value
(otherwise, we note problems of signal divergence).
The calculation is performed for a set of possible C
values, and the best extinction correction of 0 is the
one that has a cloud optical depth closest to the
estimated one.

The second part of the software is completely dedicated
to cloud detection. This is done by using image
processing performed with a 2-D analysis.
First, a matrix containing all the computed backscatter
() is converted into an intensity matrix MGS that has
values in the range of 0 to 1, similar to a grayscale
image (Fig. 2a). We chose two threshold values of ,
since values of less than MIN become 0 and values
greater than MAX become 1. In the next step, the
software takes the intensity matrix MGS as its input, and
returns a binary matrix MBW of the same size as MGS ,
with 1's where the algorithm finds edges in MGS and 0's
elsewhere (Fig. 2b). The software finds cloud edges by
using the Sobel approximation to the derivative. It
returns edges at those points at which the gradient of
MGS is maximum. Detection of the edges is performed
in both a horizontal and a vertical direction.

A similar method is also used if no clear atmosphere is
found above the cloud (because the Lidar signal
becomes extinguished). We again estimate the optical
depth of the cloud by finding a point (ztop) in which we
can observe a remarkable change in the signal slope (by
analyzing the derivative), which can be identified as the
top of the cloud, and by calculating the ratio between
the value of 0 below the cloud and the value of 0 on
ztop. In the latter case, the correction is marked as
uncertain.
Instead, if no clouds are found above zR, the iterative
method is applied using values of C(z) calculated from
the depolarization ratio, as seen previously for z<zR.
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The software automatically produces cloud base and
top, cloud geometrical and optical depth, backscatter,
and extinction. It is also possible to derive the cloud
phase by considering the depolarization ratio and the
local temperature of the atmosphere.
To test the performance of the software, we built a
matrix containing S. To obtain a set of profiles as close
as possible to a real situation, we used the previously
shown results of cloud detection. For those
measurements in which the detection of clouds did not
find any clouds, a molecular profile was used.
Otherwise, for each measurement with one or more
clouds detected, we built an artificial profile that had
clouds at the same height as those found in the real
measurements. Obviously, the signal extinction was
always considered in the calculation. The clouds
created are built with a Gaussian shape and a peak that
will give the same value of integrated backscatter as the
cloud detected in the real measurement. All the profiles
were then multiplied by a random value in order to test
also the automatic normalization capability. Random
noise was also added to each profile.

Figure 2 The matrix containing all the computed backscatter
coefficients is first converted into a grayscale intensity matrix,
and then the edges are found by using a 2-D analysis with the
Sobel approximation of the derivative. Lastly, an algorithm is
dedicated to filling all the closed lines found after discovering
all the unclosed lines.

If the edge detection algorithm works well, a cloud will
be enclosed by a closed line and all the elements of
MBW inside the closed line will be automatically put as
being equal to 1. Since it may happen that the edge
detection algorithm does not show a closed line, a
verification can remedy this error. This is done by
searching those elements close to the interruption of the
edge line that have values of  similar to those of the
edge line.

The software processed the artificial S, as seen
previously for a real signal.
An example of good normalization of a real
measurement and of the associated artificial
measurement is shown in Fig. 4. Due to the Gaussian
shape of the artificial clouds and also to the sensitivity
of the algorithm of cloud detection, artificial signals
often have clouds that are thinner that real ones.

Further checks are performed to prevent signal peaks
due to noise or artifacts from being interpreted as
clouds. At the end of the process, all clouds detected
will have, in MBW, values equal to 1 (Fig. 2c).
In Fig. 3, we can see the final result, in which only the
clouds detected are plotted.

Figure 4 Examples of automatic normalization of RCS; (a)
the normalization process is applied to a real measurement;
(b) the normalization process is applied to an artificial
measurement created from the real one.
Figure 3 Clouds automatically detected by the software.
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The main purpose of this test was to verify the
capability of cloud detection, rather than to pinpoint the
base and top of each cloud. Nevertheless, the optical
properties of the clouds found by the artificial signals
were very similar to those of real measurements.

4. CONCLUSION
Automatic processing techniques for cloud detection
have been tested on many Lidar measurements obtained
at IFAC-CNR.
The performance of the algorithms used is considered
to be satisfactory, given the capability of cloud
detection, the comparison between  and A, and also in
view of the fact that the software was tested mainly
when measuring conditions that were not optimal.

Indicating the optical depth of the clouds obtained by
processing the real measurements with , and the
optical depth of the clouds obtained by processing the
artificial measurement with A, we compared the results
by calculating for each measurement the quantity

 r 

 A
A
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Figure 5 r distribution.
Fig. 6 shows the resulting scatter plot between  and A.
A is 0 when the cloud in the artificial signal is not
found.

Figure 6 -A scatter plot.
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