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Sensor Overview
Objective
Accurate precision pointing knowledge is a critical mission
requirement for many scientific and operational payloads in
space.
Provide a low size, weight and power (SWaP) stellar aspect
camera as a science enabling technology on pico- and nanosatellite platforms for payloads with stringent pointing
requirements.

Approach
NRL is the PI institution on a collaborative effort, sponsored by
the Office of Naval Research (ONR), with Utah State
University Space Dynamics Lab to develop a low SWaP
aspect solution. System developed is CubeSat compatible.
Test flight sponsored via the DoD Space Test Program (STP),
launched on 16 May 2011 via Space Shuttle Endeavour on
STS-134 and installed on the ISS as part of the STP-H3
instrument suite.

Star field image acquired by DIS C from the ISS (left) and the astrometry
aspect solution to the image (right).

Deliverable/Value/Accomplishment
•

Delivered the DISC sensor for flight to the ISS.

•

DISC successfully operated at three resolutions, 256 x 256,
512 x 512, and 1024 x 1024 pixels.

•

Successful processing of stellar aspect solutions from
imagery acquired by DISC.

•

Demonstration of stellar aspect solution software
compatible with pico- and nano-sat technology

•

Sensor performance characterization expected to continue
on ISS until Summer of 2013.

The DISC payload during final STS -134 pre-flight ops (left). The STP-H3
complement (right) on-orbit prior to transfer to the ISS.
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DISC on STP-H3 Compliment
The STP-H3 suite was launched aboard STS-134 (Endeavour) on 16 M ay 2011 and the suite was installed
on the International Space Station on P3 truss as part of the Express Logistics Carrier 3 (ELC-3) in the
FRAM-8 (keel side) position (Images Courtesy NASA & DoD Space Test Program).

ELC-3 Launch Configuration

ELC-3 Removal from STS-134
DISC on STP-H3 prior to install on ELC-3.

ELC-3 Installed on ISS
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Camera Design
•

•
•
•

The camera electronics were designed around a
radiation-tolerant 1024×1024 CMOS active pixel
sensor from OnSemi (HAS2)
The HAS2 was operated in correlated double
sample mode with a 12-bit ADC
A Microsemi ProASIC3L FPGA was used for
sensor control and host interfacing via SpaceWire
The electronics were designed to wrap around
custom optics and fit within 0.7 U of a CubeSat
payload
– Although a Carl Zeiss COTS camera lens was
ultimately chosen for cost and schedule constraints

• Sensitivity: resolve 6th magnitude stars in 20
ms exposure
• FOV: 12.4° × 12.4°
•

A bi-stable shutter from Brandstorm Instruments
was installed for protection against sun exposure
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Mechanical Design
•
•
•
•
•

Camera system was designed to support a 1U form factor.
The support structure was increased in size to meet ISS safety requirements,
final payload dimensions were 15.24 x 18.42 x 21.46 cm with a mass of 2.83 kg.
The design is a longeron structure that provides easy access to the camera and
PIB electronics via removable panels.
Surface finishes were clear anodized, black anodized and gold irridite
MLI and a fiberglass insulation plane was employed to provide sensor thermal
stability
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Payload Interface Board Design
•
•

The payload interface consists of two circuit
boards, one for power and the second the
digital electronics.
Power Board
– DC-DC converter to provide 5 volts to the digital
electronics board.
– EMI Filter module

•

Digital Electronics Board
– RS-422 UART interface at 115200 bits/sec to ISS
– Space Test Program developed a palette providing
a UART interface to multiple payloads and moves
the data to the ISS 1553 data bus.
– NXP ARM processor to control the camera, extract
images and data from the camera and move the
data.
– Camera interface uses SpaceWire, which is
implemented in an IGLOO FPGA on a 16-bit bus
and uses flash memory to store images
– Flight software uses “tnKernal” an open source real
time kernel
• One task handles the command and data interface
• second task controls the camera
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Operations
•
•
•
•
•
•
•
•

The DISC Payload Operations Center (POC) is
located at NRL in Washington, DC.
Command access to DISC is established via
secure VPN to NASA Marshall Space Flight Center.
Coordination with NASA, DISC operators, and
STP occur via voice over IP.
Python interfaces, written at NRL, utilize the
Telemetry Resource Kit (TReK) APIs, provided by
NASA, to build command packets for DISC.
Commands are verified at MSFC and transmitted
via S-Band to the ISS using TDRSS.
DISC telemetry is transmitted via Ku-Band to
TDRSS and then to MSFC, where it is recorded
and forwarded to the DISC POC.
The DISC data is then extracted and registered,
then provided to NRL and SDL scientists for
analysis.
The STP provides pointing information derived from
STK and ISS telemetry (time of image acquisition).
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Image Analysis
• In order to characterize this miniaturized technology for accurate
precision pointing knowledge in space, SDL’s star tracking algorithm
was used to post-process the images
• The algorithm matches geometric information from the stars to the
Hipparcos Star Catalog and computes a quaternion that rotates the bore
of each image to the J2000 inertial coordinate frame of the star catalog
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Image Analysis
• Error analysis was performed between the image’s star positions and
the star catalog
– The analysis is largely characterizing the optical accuracy
– There was no calibration or distortion mapping performed for this experiment, thus no
corrections were applied

• The analysis showed an average error of 0.02°
DISC Star Camera Image Analysis
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Image Analysis
• Additional efforts to build the
custom lens would have
improved the accuracy more than
an order of magnitude
• As seen in the diagrams, the spot
size for the COTS lens is 200×
larger than the diffraction limit for
this system
• The custom lens could have
produced images at least 25×
more accurate than the COTS
lens that was flown for the
experiment
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Image Analysis, Attitude Verification
• In order to verify the star identification an independent
measurement of attitude was used.
• The DISC aspect solutions were then compared with ISS
expected attitude solutions derived from STK and NASA/DoD
STP ephemerides.
• By combining several rotation matrices, a complete rotation
matrix from the J2000 reference frame to the internal DISC
camera reference frame was created
• Average deviation of <0.9 deg
• ISS attitude error sources include
– Orbital position
– Timing errors in image acquisition
– Unaccounted pointing offsets
• Thermal flexing of P3 truss
• Unaccounted for mounting offsets
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Conclusions
• The Digital Imaging Star Camera (DISC) was successfully
integrated, tested and flown on the STP-H3 compliment of
experiments on the ELC3 on the International Space Station
• The instrument passed Early Orbit Checkout
• Images are acquired routinely during eclipse portions of the orbit.
• The sensor has performed exceptionally with an average pointing
error of 0.02 deg meeting program expectations
– With future optics and processing upgrades we expect to improve this
by an order of magnitude

• There are several of sources of error in the expected ISS attitude
– Data was pulled from 3 different sources which may not be correlated
– Inherent errors in sources (orbital position, mounting offsets, and timing)

• Given these potential error sources, a deviation of < 1° is very
encouraging
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