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Atmospheric Monitoring
• The atmospheric channel has a great 

impact on the channel capacity at optical 
wavelength due to
– Cloud Blockage
– Atmospheric Absorption
– Day Time Sky Radiance 
– Atmospheric Turbulence

Atmospheric monitoring for Ka-band propagation
can have interest in the techniques

utilized for the characterization of the optical channel itself



Monitoring the Atmospheric Optical 
Channel

• The JPL optical comm group is conducting an Atmospheric Monitoring 
Program at Table Mountain Facility (TMF) in Wrightwood (CA)  
consisting in the deployment of a number of sensors for 

• Atmospheric Transmittance Monitoring
– Atmospheric Visibility Monitoring (AVM) for the day/night time monitoring of 

stars’ irradiance flux.
• Multiyear Effort 

• Daytime Atmospheric Transmittance and Sky Radiance Monitoring
– CIMEL sun-photometer: to be included 

in the worldwide 
AERONET program. 

– Ready to be 
deployed 
starting April-06



Monitoring the Atmospheric Optical 
Channel

• Atmospheric Turbulence monitoring
– DIMM-MASS system, for the 

characterization of the atmospheric
coherence length (ro) and the
profiling of the refractive index
structure parameter (Cn

2). 
– At low elevation, turbulence effects

(fading) must be taken into account
at Ka-band.

– Ready by April 2006

• Cloud Monitoring and Statistics
– All sky visible camera system: already operational since January 06. 

Operational only Daytime.
– Other (night/day) thermal infrared camera: to be deployed 

starting June 06.



Atmospheric Transmittance
• The atmospheric transmittance is relatively high in the 

infrared band.
• In the 8-14 μm bandwidth, the transmittance is relatively 

unaffected by aerosols. The main factors is given by the 
water vapor content and ozone (above the troposphere).

• Serendipitly, the
7-14 μm bandwidth
is an operation
range for a number
of commercially
available uncooled
microbolometer
camera.



Thermal Infrared Sky Radiance
• The sky radiance in the thermal infrared band is dominated by the self 

thermal emission of the atmosphere instead the sun light related
scattering: Independent of day/night measurements

• Thermal emission from Clouds is a high contrast signature day and night 
over the sky.
– The contrast is lessened by water vapor emission in the atmosphere.

• Contrast in the emission
of the atmosphere can
be easily measured by today
uncooled microbolometer
camera
– PHOTON OEM by

FLIR to be used at TMF
• Estimation of the cloud

emission can lead to
information on cloud
height, water vapor, and
nature.
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Photon OEM Camera

•Recent introduction of high 
performances and low cost thermal 
infrared camera models suggested 
their use for sky monitoring



Photon OEM Camera

Future options:
Ethernet digital out protocol, 
to facilitate remote 
programming and retrieving 
of the images via internet.



PHOTON OEM Spectral Response

The PHOTON OEM 
spectral response 
matches perfectly the
atmospheric window



Thermal Infrared Monitoring Program at 
TMF

• Ordered Photon OEM with 50 Degree FOV optics.
• Collaboration with University of Montana (Professor Joseph Shaw) for the 

Calibration and software that controls the processing of the digital data.
• June 2006 will be deployed at TMF for first data collection
• The data will be compared with another all sky camera existing at TMF 

(visible range).
– Knowledge of the atmospheric water vapor will increase the accuracy of the 

measurements.
• Future Programs:
• To expand the optics towards larger FOV (~ 100 Degree or more)
• Cloud Prediction Algorithm.

– To predict the cloud pattern along an hypothetical line of sight.
• Cloud structure determination

– From the study of the cloud emission to determine cloud structure and heights.
• An Instantaneous by product: AIR TRAFFIC CONTROL
• Possible deployment at DSN location?



PHOTOM OEM 8 Bits Output: 3 PM at JPL



Conclusions

• Low cost, uncooled microbolometer cameras can be an 
effective sensor for the for the radiometric measurements 
of the sky.

• JPL Optical Comm is collaborating with University of 
Montana to deploy an uncooled microbolomet at TMF for 
to characterize cloud coverage of the sky using low cost 
thermal infrared camera.

• Among the expected results: real time characterization of 
the cloud coverage, cloud prediction, cloud coverage 
statistics, and cloud nature estimation.

• The sensor will be remotely running 24/7 and will provide 
real time information.
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Fading Statistics: Downlink for a 
34 m Antenna at 38Ghz


