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Flotilla of NRL Space Sensors Study Upper Atmosphere
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The Naval Research Laboratory's Space Science Division is performing an intensive 
study of the Earth's upper atmosphere using a flotilla of NRL-built spaceflight 
experiments aboard four concurrent spaceflight missions, involving five satellites and the 
International Space Station. These coordinated observations utilize both in situ and 
remote sensors to measure the composition, temperature, and density of the 
thermosphere and the electron density of the ionosphere, with the objective of 
understanding the influence of the lower thermosphere upon ionospheric structure and 
morphology. 

The joint Taiwan-US COSMIC/FORMOSAT3 mission, 
a constellation of six micro-satellites, was launched 
from Vandenberg Air Force Base in April 2006. The 
NRL Space Science Division designed and built the 
Tiny Ionospheric Photometer (TIP) compact far-
ultraviolet (FUV) sensors, which are being used 
onboard COSMIC to study the Earth's nighttime 
ionosphere. The TIP photometers are among the 
highest sensitivity FUV airglow sensors ever flown. 
COSMIC is breaking new ground in the study of the 
Earth's ionosphere, especially in the areas of 
troposphere-ionosphere coupling and improved global 
specification of the ionosphere. Currently, TIP sensors 
aboard two COSMIC spacecraft are gathering 
ionospheric data for this study. 

The Remote Atmospheric and Ionospheric Detection System (RAIDS) includes eight 
spectrographs, spectrometers, and photometers to comprehensively measure 
thermospheric and ionospheric airglow in the extreme-ultraviolet to near-infrared 
passband (55 to 874 nm). The extant hardware, built jointly by NRL and The Aerospace 
Corporation, was adapted for operation on the Japanese Experiment Module Exposed 
Facility (JEM-EF) aboard the International Space Station (ISS). RAIDS was launched 
through the DoD Space Test Program on September 10, 2009, aboard the maiden flight 
of the Japanese Aerospace Exploration Agency H-II Transfer Vehicle and reached the 
ISS on September 17, 2009 where it was attached to the JEM-EF. RAIDS has been 
performing science operations since October 23, 2009, collecting temperature data 
around the globe in the 100 to 200 km altitude range, an altitude region with a paucity of 
previous temperature measurements. 

Launched from Vandenberg Air Force Base, Calif., 
aboard an United Launch Alliance Atlas V launch 

vehicle, October 18, 2009, the Special Sensor Ultraviolet Limb Imager (SSULI) 

 
Fig 1 TIP: Nighttime ionosphere map from 
TIP observations on Sep 14, 2006 data 
shows complex morphology. 
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developed by NRL's Space Science Division and 
Spacecraft Engineering Department offers a first of 
its kind technique for remote sensing of the 
ionosphere and thermosphere from space. Flying 
on-orbit the U.S. Air Force Defense Meteorological 
Satellite Program (DMSP) flight 18 satellite, SSULI's 
characterization of the Earth's upper atmosphere 
and ionosphere provide the necessary scientific data 
to support military and civil systems. Offering global 
observations that yield near real-time altitude profiles 
of the ionosphere and neutral atmosphere over an 
extended period of time, SSULI makes 
measurements from the extreme ultraviolet (EUV) to 
the far ultraviolet (FUV) over the wavelength range 
of 80 nanometers (nm) to 170 nm with 2.4 nm 
resolution. 

In the category of in situ sensors, NRL developed the Atmospheric Neutral Drag 
Experiment (ANDE), which was deployed by NASA's Space Shuttle Endeavour in July 
2009. The suite consists of two spherical spacecraft, Castor and Pollux, fitted with retro-
reflectors for satellite laser ranging. Castor carries instrumentation developed by NRL, 
NASA/GSFC, and the U.S. Air Force Academy to measure the in situ upper atmosphere 
density, composition and winds. The datasets retrieved will be applied to improving the 
current atmospheric density and wind models such as the NRL Mass Spectrometer and 
Incoherent Scatter-Radar (MSIS) model. The ANDE satellites, orbiting beneath the ISS, 
provide important validation of the RAIDS density measurements made in the same 
orbital plane. 

This combined data set from multiple space vehicles 
in a variety of orbits and heterogeneous sensing 
techniques provides excellent spatial, temporal, and 
spectral coverage for atmospheric and ionospheric 
characterization. Space Science Division scientists 
are applying this data to study the relationship 
between atmospheric dynamics and ionosphere 
morphology, to understand the influence of solar 
variability upon chemistry and thermal balance, and to 
develop next-generation remote sensing approaches 
to provide high-quality atmospheric specifications to 
future DoD global atmospheric models. 
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Fig 2 RAIDS: RAIDS operates aboard the 
ISS. (NASA photo) 

 
Fig 3 ANDE: The ANDE microsatellites at 
deployment. (NASA photo) 
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