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In one embodiment, there are two other sensors—Range
diodes 303—used for range measurement, and that may be
located in an exemplary location, such as 4.25 cm and 4.5
cm from the aperture lens 207 center. The relative intensity
of the sun light going from the umbra 304 through the
penumbra 305 to full sun light on the spacecraft front face
204, changes for a number of ranges corresponding to
different solar radii. By using the difference in intensities on
each of these range photodiodes 303, the range can be
determined. As the spacecraft moves further away from the
spherical occulter 201, and the effective solar radius of the
spherical occulter 201 gets smaller, the penumbra grows.

In one embodiment, the Lateral motion sensors 401 are
shadowed for all ranges. In one embodiment, the Ranging
diodes 403 are placed such that they will be more accurate
at long ranges. Any effect on the estimation of range inside
the 1.5 R, baseline is irrelevant as fine control is not
needed here.

In one embodiment, the two remaining Lateral photo-
diodes (not shown) are on the inside edges at the bottom of
the occulter guide tube 206 near the release mechanism 402.
The Lateral photodiodes detect if the spherical occulter 201
first moves outward during the release and pullback by the
spacecraft 100 until the spherical occulter 201 is clear and
followed by the translation maneuver of the spacecraft 100
until the now free-flying spherical occulter 201 is in position
in front of the instrument aperture lens 207, providing
knowledge that the occulter 201 has left the occulter guide
tube 206 and is centered on the aperture lens 207. In one
embodiment, based on estimated noise of the photodiodes
301-303 and accompanying electrical circuits to read them,
the intensity of the photodiodes 301-303 can conservatively
be estimated within 1% of full scale which gives a range
accuracy of ~13 cm and a lateral accuracy of ~1 mm for a
shadow from the sphere relative size of 1.5 Rg,,,.

In one embodiment, the spherical occulter coronagraph
CubeSat 100 of the present invention uses two space 6 U
single-sided long-edge deployable solar panels 111, 112,
each panel 111, 112 containing a plurality of solar cells (for
example, 21 solar cells of which seven (7) are in series and
three (3) in parallel—7s3p configuration) on only the outer
face (see FIG. 2). The solar cells provide power to the
CubeSat 100 when the panels 111, 112 are stowed prior to
panel deployment. The operating temperature of the solar
cells 111, 112 is around +80° C.

In one embodiment, in addition to the two 6 U deployable
solar panels 111, 112, and filter wheel 115, the spacecraft
100 includes other onboard mechanisms such as a release
mechanism 402 (see FIG. 4) for the occulter 201. In one
embodiment, the spherical occulter’s 201 size, along with its
deployment or release mechanism 402 (see FIG. 3), was
maximized to an 8 cm diameter to fit into a 1 U unit
allocation.

In one embodiment, the 6 U deployable solar panels 111,
112 include all necessary mounting hardware and release
mechanisms that incorporate a thermal knife and time driver
system (not shown). When deployed, the spring loaded
hinge system (not shown) of the release mechanism 402 will
open the panels to a 90° position to be normal to the Sun for
maximum power production.

The occulter release mechanism 402 contains a pin puller
among other components. A cupped plunger (not shown) is
used to hold the occulter 201 against the wall of the occulter
guide tube 206. Upon actuation of the pin puller (not
shown), a compression spring pushes the plunger away from
the occulter 201 such that it is free to move. The compres-
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sion spring (not shown) maintains force on the plunger so
that it will not return to the occulter guide tube 206.

In one embodiment a three (3)-node thermal mode pro-
vides operating temperatures for the solar panels 111, 112,
and also ensures that the CMOS chip 403 can be run at -20°
C. (to .reduce detector 403 noise) using a simply conductive
thermal strap 404 (see FIG. 4) tied to a dedicated 10 cm by
20 cm white paint radiator patch on the aft end 203 of the
spacecraft 100. There is also a significant margin to dissipate
the rest of the internal heat sources given the rest of the
CubeSat 100 faces 300, 302 303, 305 behind the solar panels
113, 114.

In one embodiment, the power system is designed such
that power experiment is only during the science window;
power transmitter is only during the exemplary transmit time
(e.g., 240 minutes per day); and power guidance, navigation
and control (GNC) and command and data handling
(C&DH) (science and housekeeping) is conducted 100% of
the time.

In one embodiment, the batteries 104 are configured in a
2s3p configuration, and are designed to integrate with a
suitable EPS 103 and the solar arrays 111, 112 to form a
complete power system for the spherical occulter corona-
graph CubeSat 100.

In one embodiment, the spherical occulter 201, as a
formation flying, passive, free-flying occulter 210, reduces
the forward scattering noise contributed by diffraction
around the occulter 201, by over an order of magnitude
versus the traditional knife-edge disk occulter at the occulter
201 inner half-angle FOV of 0.375°, corresponding to 1.5
Rg,,,- The noise reduction is also more than 7 orders of
magnitude greater at the occulter 201 outer FOV cutoff of 5
R,

In one embodiment, sunlight reflected/scattered off the
spacecraft 100, or directly from the Earth or lunar albedo,
hitting the spherical occulter 201 could possibly be scattered
into the entrance aperture. However, the worst-case scatter
light path (Sun to solar panels 111, 112 to occulter 201 into
aperture) is reduced by nine orders of magnitude. This large
reduction is due to insuring there are no direct reflection
paths, only Lambertian scattering, as well as black painting
the sphere and the small (1° FOV) of the sphere 201. So
these scatter paths off of the back of the occulter 201 are not
a significant source of noise.

In one embodiment, although there is no “tube” between
the occulter 201 and the aperture to block light, there is no
concern regarding scattered light entering into the optical
path/aperture off the passive occulter 201. In one embodi-
ment, the spherical occulter 201 is coated with a black paint
material which provides better than 90% absorption of any
scattered light as well as being a conductive surface which
provides forward scatter suppression around said spherical
occulter.

In one embodiment, the instrument optics 114, filter wheel
115, and CMOSIS Chip and Board 503 are enclosed on their
sides with sheet metal closeouts to keep out stray light. In
one embodiment, the four telemetry cards 401 (see FIG. 4)
and EPS 103 are maintained in a stack in order to best utilize
a CubeSat Kit connector 405 to the interface 101. In one
embodiment, custom mounting brackets are used to place
each of the eight propulsion thrusters 109 at the corners of
the spacecraft body 100 and maintain the desired 45°
orientation.

In one embodiment, in order to use the temperature and
velocity ratio techniques described below, four bandpass
filters (not shown) are used. A visible filter position, which
is used to reduce the noise signal, is used to obtain standard
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