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1. Equars
2. Opportunities with small/cubesats



EQUARS Satellite

Coordenação Geral de Ciências Espaciais e Atmosféricas – CGCEA – http://www.cea.inpe.br/

THE CURRENT CONCEPTION OF THE 

SCIENTIFIC SATELLITE EQUARS 

(EQUATORIAL ATMOSPHERE RESEARCH

SATELLITE)



EQUARS Satellite Scientific Concept
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Equatorial Plasma Instabilities
and Enhanced Ionization

by Particle Precipitation (SAMA)

Planetary waves in the 
upper mesosphere

Diagnostics of 
ionospheric 

plasma

Electron
density profile

Precipitating energetic
electron fluxes (lower)

Gravity wave activity in the 
lower atmosphere

600/1000km

90/110km

10/15km

Tropospheric water vapor, convection

50/60km

TROPOSPHERE

STRATOSPHERE

MESOSPHERE

TERMOSPHERE

EXOSPHERE

IO
N

O
S

P
H

E
R

E

F2

F1

E

D

Es

Particle Flux Maps characterize 
nominal and extreme environment



EQUARS Satellite Scientific Concept
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EQUARS Satellite Scientific Concept
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1. Characterization of the Equatorial Spread-F:
2. Ionospheric scintillation via GPS radio occultation data;
3. Airglow radiance of the Oxygen (OI 630 nm);
4. Kinetic electron Temperature;
5. Plasma numerical density;
6. Identifying the operating instability mechanisms from their 

spectral characteristics (spectral power of plasma density).

Simulation of R-T instability

Courtesy by A. Kherani



EQUARS Satellite Scientific Concept
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1. Studies of planetary 
waves in airglow and 
temperature data 
The planetary wave 
activity as a function of 
time, latitude and 
longitude;

2. Identification of 
propagation modes 
(freely propagating and 
trapped);

3. The effects  on  the  
development  of  small-
and large-scale 
structures and the 
formation of Equatorial 
Spread-F and plasma 
bubbles. 

Planetary Waves in the upper mesosphere



EQUARS Satellite Scientific Concept
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The spectra O2 (0-0) model derived from HITRAN-online

Radiometric measurements of airglow



EQUARS Satellite Scientific Concept
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1. Determine how the electron precipitation in the South Atlantic 
Magnetic Anomaly (SAMA) affects the formation of the 
equatorial ionosphere:

a) Sporadic E layers due to electron precipitation;
b) Determination of the Hall conductivity produced by enhanced 

ionization in the E region; (e.g. SUPIM-INPE model)
c) Increased the conductivity can affect the development and 

evolution of ionospheric bubbles.

2. Directional fluxes of the electron used in the SUPIM-INPE 
model assume extrapolated values below to 90keV. It is 
important to confirm (or not) the presence of such precipitating 
electrons and determine their real fluxes.

EQUARS orbit intercepting 
geomagnetic field lines that guide 

electrons to the SAMA region.
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EQUARS Satellite Scientific Concept
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water vapor  
pressure

Hydrostatic 
balance 

ionosphere

- Total Content Electronic (TEC)
- Profiles of electronic density ~ 90-600 km 

- “Dry” profiles of Temperature ~ 0-40 km 

- “Wet” profiles of Water Vapour
~ 0-10 km 

Gravity wave propagations in the 
stratosphere

Water vapor in the troposphere –
convective systems

Ionospheric irregularities

- Ionospheric Scintillation small scale structures * 

*Does not measure the S4 index directly. S4 index provided by CDAAC is not a true S4 index but is 
derived using the raw GPS signal intensity fluctuations, in addition to the assumption that the 
fluctuations have a Gaussian distribution

~ 90-600 km 

VARIABLE: PROPOSAL:

Radio Occultation Data



EQUARS Satellite Instruments
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Occultation Antennas Precision Orbit Antennas

130x130x5455x105x6

240x201x105

Receiver GROM (GPS Radio Occultation Measurement)



EQUARS Satellite Instruments
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Optical Filter 

GLOW (Airglow Photometer)



EQUARS Satellite Instruments
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The ETP technique:

I/V-Langmuir is deformed by

superposing a RF-signal VRMS over 

potential-applied to the sensor 

The V bias between two sensors

can be related to the electron 

kinetic temperature Te
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The HFCP technique:

IONEX (Ionosphere Experiment)



EQUARS Satellite Instruments
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The technique:

The field and particle 
trajectory simulator -

SIMION  8.1

Experimental - Particle 
beams in the 

laboratory

Range: 
861.0 eV to 
25.8 keV

Range: 
700.0 eV to 
29.0 keV

ELISA (Electrostatic Energy Analyzer)



EQUARS Satellite Instruments
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Energetic Particle
Sensor (EPS)

Particle
beam

180x90x76
225x133x75

EPS

Particle E1
(MeV)

E2
(MeV)

E3
(MeV)

E4
(MeV)

E-loss
(MeV)

electron > 0.1 > 0.3 > 1.2 > 3.4 0.15

proton > 3.5 > 8.2 > 24. > 42. 0.6

alfa > 14. > 31 > 92. > 170. 10.0

APEX (Alpha, Proton and Electron monitoring Experiment)



EQUARS Satellite Orbit
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Inclination =  15º

Altitude = 635km



EQUARS Satellite Attitude
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3 axis control 

Pointing to Nadir



EQUARS Satellite TT&C
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EQUARS Satellite Genereal Specification
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Mass ~= 122 kg
Average Consumption ~= 180 W
Energy Generation SAG ~= 336 W
SAG Area = 1.8 m²



EQUARS Satellite Control Configuration
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EQUARS Satellite Intrument Configuration
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SPORT Mission (INPE-ITA-NASA)
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1)What is the state of the ionosphere that gives rise to the 
growth of plasma bubbles that extend into and above the 
F-peak at different longitudes?

2)How are plasma irregularities at satellite altitudes related 
to the radio scintillations observed passing through these 
regions?



SPORT Mission Measurement and Instrumentation
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Langmuir

Impedance
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SPORT Mission Lifetime Tool (ISS Launch)
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Minimum Drag Orientation
STK Lifetime Tool, NRL MSIS 2000

1 Sigma Solar Flux

Starting Altitude

Maximum Mass 6U CubeSat
12 kg (6U Standard)

16.9 kg (NANORACKS)

10 kg, 6U Spacecraft 



LECX Satellite
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4 CZT detectors
(tested in the  protoMIRAX)

Exploded Model of the LECX

1. It can detect one cosmic explosion 
per month and locate it within few 
degrees of precision. 

2. It can be uses for locate of 
electromagnetic counterparts sources 
due to gravitational waves.

L E C X
Payload of the nanosat CRON-1 (2U)

Projeto PIPE FAPESP



Wide Range Radiometer
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Shutter
Baffles

Precision Aperture Sensor Elements

Observation of the variability of total solar irradiance
Instrument: Absolute Radiometer

Approach: Electrical Replacement Radiometer

Cavidade de alta 
absorção

Elementos Sensores

Revestimento de 
alta absorção
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