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The Total Sky Imager (TSI) and The Cloud Infrared Radiometer (CIR-7) are two cloud cover
measuring instruments. TSI uses a CCD camera and provide sky images in the visible
spectral range, CIR-7 consists of 7 infrared pyrometer sensors working in the window region
9-14 microns. We will present a comparison of images obtained with both instruments and

suggest further investigation possibilities.

1. Introduction

Through several reports [1] we have
presented the basics and the design of an
infrared cloud cover imager called CIR-7. In
this material, we will offer a comparison of
the CIR-7 imaging capabilities vs. other sky
imaging techniques and cloud cover
measurement methods.

During an experimental campaign from
February until April 2003, CIR-7 was
deployed at the Atmospheric Radiation
Measurements (ARM) Southern Great
Planes (SGP) Centra Facility (CF), located
in central Oklahoma state, USA. Many other
instruments were operational at the same
location and time - in particular, the Total
Sky Imager (TSI). This work is dedicated to
the comparisons of the imaging ability of the
two instruments— TSI and CIR-7.

More precisely, we will show the advantages
and disadvantages specific to the cloud
cover imagery of both instruments.

2. ARM SGP CF Campaign
2.1 Site

The campaign was integrated in the
annual program of ARM and took place
from February 19 until March 31 2003.
Among the participants were Pacific
Northwest National Laboratory, Montana
State University, Ingtitut d Aéronomie
Spatiale de Belgique, Université du Maine,
CERES/NOAA. During this campaign a
CIR-7 and a TSI were deployed within less
than 50 meters.

2.2 Instruments presentation

The Total Sky Imager (Figure 1) is an
automated color imaging system providing
day time images and sky cover nebulosity
intensity.

Sky images are collected using a CCD
color camera pointing up and mounted on a
rotating heated hemispherical mirror. A



shadowing band hide the sun spot to prevent
CCD camera blooming.

TSl is a day-time imaging system —
“grabbing” images begins when the sun
elevation is greater than a user defined
value. Cloud cover is computed from the red
to blue ratio.

Figure 1: Tota Sky Imager

The CIR-7 (Figure 2) is a ground-based
instrument designed and assembled by
ATMOS Sarl, France for day and night
cloud cover imaging. It operates 7 infrared
sensors in spectral range 9-14 nm, each with
a 12-degrees Field Of View.

Figure 2 : CIR7

The sensors are mounted at zenithal angles
0, 12, 24, 36, 48, 60 and 72 on a semi-
circular azimuthally rotating turret. Figure 2
show the schematic view of the instrument
design. They are based on OMEGA OS 65—
V-R2-4-BB model pyrometers. The original
sensors were modified in order to reduce the
total weight from 0.3 to 0.1 kg per sensor,
and to prevent the accumulation of liquid
water a the optics entrance. The main
technical characteristics of the sensors and
the instrument are given in Table 1.

Spectral Range 9-14 mm

Temperature range -57°C +125°C

Temperature accuracy +1°C

Response time 300 ms

Pyrometer FOV 11.9°

CIR-7 FOV 160°

View zenithal angles 0°, 12°, 24°, 36°,
48°, 60°, 72°

Number of rotation steps | 30

for a 360° scan

Time for a 360° scan 203s

Table 1. Technical characteristics of the
pyrometer

3. Image generation using CIR-7

To obtain a sky image from CIR-7 the turret
will have to make 30 rotational steps by 12
degrees each. Sensor integration time is
about 300 ms and one rotation takes about 7
seconds.



Figure 3 : Step numbering for each
measurement cone in paralel plane model.
For clarity only sensors with view zenith
angles 72, 60 and 48 are shown

This time duration guarantee a good
mechanical stabilization of the instrument
and that the measurements are performed in
the right direction. However, this also leads
to obtaining a full scan only every 203s.

Figure 3 shows the step numbering of each
direction for three ofthesensors. As we can
see we obtain an interlace image like a TV
image. Between scan 0 and scan 29 there is
a difference of 203 seconds. If clouds are
moving quickly then a line often appear in
the middle of the scan. If cloud are moving
even faster, then some circular shape could
be observed in one or more frames.

Image rendering for CIR7 uses parallel plane
model — see Figure 4.
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Figure 4 Radar diagram image

For a smoother representation a bilinear
interpolation technique is used - Figure 5.

Figure 5 Interpolated radar diagram image

4. Comparison CIR7 and TSI images

As previously shown, sampling time for TS|
is 30s and for CIR-7 it is 203s. To compare
TSl and CIR-7 images we chose to simulate
a CIR-7 image in the visible band. Based on
the difference in the sampling times we need
to use 8 TSI images in order to simulate one
CIR-7 visible image.

Figure 6 : 8 TSI images used to smulate a
CIR-7 image in the visible spectral range.

Intensity of red, green and blue ratio can be
evaluated using nearest time sampling of
TSI images for agiven time of CIR-7 image.
In case of time sampling between the TS
times, a linear interpolation is performed
(figure 7).



Figure 7 : Simulate CIR image in visble
wave length using 8 STI images. Red in this
image is due to bad white balance that is
enhanced in radar diagram representation

Using this method we have systematically
compared temperature measured by the IR
sensors and CIR-7 simulated visible image.
In order to avoid the TSI shadower, sensors
in North-west and North-east have been
retained. Graph of the ratio “red / blue
intensity” is plotted versus temperature on
figure 8. A linear relation between this ratio
and cloud temperature appears to be evident.
Nevertheless a relative measurement spread
is present (red and green curve).

!

Figure 8 : Temperature versus ratio of
intensity R/B obtained from 1400000
measures.

5. Dynamic

We are interested in retrieval cloud motion
from one image to another. For the TSI a
simple video with one image every 30s
shows that it is enough to retrieve global
motion of cloud using classica image
processing algorithm. For CIR-7, sampling
with a speed of one image every 200s is not
enough with interlaced image. Nevertheless,
a sampling speed of one image every 90s
obtained recently with a newer CIR-13
instrument shows clearly that motion can be
retrieved.

6. CONCLUSIONS

Despite of the sow speed sampling, the
infrared cloud imaging CIR-7 system shows
a good agreement with the TSI images.
Great advantage of the infrared technique is
that the system works day and night. In the
visible domain cloud temperature can be
retrieve using optical density with a
significant relative error.

For cloud motion an image scan every 90s
would alow the use of image processing
algorithm to retrieve motion flow.
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