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On-board data management R&D

SNAP generates prodigious amounts of data and determining how to handle it in the satellite is one activity during the R&D phase. Data generation time profiles, different processing options, telemetry rates, and ground station visibility hours all need to be modeled to arrive at an optimal conceptual design. The other research activity is to document all the control and command functions required by the instruments satellite and their interface to the satellite control system. This research will generate critical input into the satellite design: weight, power, and volume of processors and memories; required telemetry bandwidth; and the number and availability of ground stations required.

The R&D tasks described below are

· Develop concepts.

· Perform Implementation research.

· Develop requirements.

· CD1 planning.

Develop concepts

In this set of activities we identify what are the internal needs of the data management system, what are the impacts of external requirements and limitations, and establish the criteria for selecting between optional implementations. A preliminary concept will be available for the July 2001 ZDR.

Model data volume and rate

SNAP can generate 2 GB of exposure data in 20 seconds every 120 seconds when it is operating in optical photometry mode. This instantaneous data rate must be memory buffered to match any reasonable telemetry bandwidth. Lossless compression can be applied to the data before storage or algorithmic processing of multiple images can be performed to reduce the size of memory buffer required. Simple computer codes are being written to understand the size of this memory as a function of various observation programs, compression ratios, telemetry bandwidths, orbits, and ground station contact time profiles.

Study memory/CPU/telemetry impacts

SNAP images are formed by adding four or more exposures. The exposures are cross correlated to remove contamination by cosmic rays. There are two approaches on where to combine the exposures into cosmic-cleansed images, on the spacecraft or on the ground. Co-adding exposures on the ground would require very little satellite CPU

Preliminary concept for data acquisition and instrument control.
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resources and software, assuming data compression is done in hardware. But large memories and high telemetry rates are certainly required. Co-adding images in the satellite can reduce the telemetry rate requirements by a factor of four but requires sophisticated on-board software operating in several CPUs. For example, calibration codes would have to be executed in space since up-link rates are likely limited to a few tens of kilobits per second and transferring multi-gigabyte files is impractical. Another restriction is that only one cosmic ray cleanup algorithm can be used and this must be perfectly tuned prior to launch (reminder, because our CCDs are 300 m thick, an individual cosmic can impact pixel clusters in dramatically varying ways depending on incidence angle). It is interesting to note that certain on-board co-adding strategies can require more memory storage than the simple buffer and forward scheme of all exposures. This depends on how much memory is needed for exposure data, whether exposures are dithered, bad pixel masks, dark current table, flat fields, linearization, etc.

Develop data processing concepts

Here we need to compare the different data processing paths that we might execute in the satellite and understand their impact on the above. The metrics to be used include memory size, number of CPUs, quantity of software, telemetry rate, doing no harm to the data, inter alia.

Document SNAP instrument control

SNAP instrument control can be viewed from the top down or from the bottom up. Let’s pursue the former course here. On the ground, an observation command set will be assembled to direct the instruments’ autonomous activity for a period of time, a day, a week, or some other period to be worked out. The details of what needs to be accommodated in this command set needs to be worked through with the ground station concept team. Also, where in the satellite these instructions are executed needs to be negotiated between the spacecraft and instrument concept teams. Since the instruments will be developed in parallel at more than one site, weight should be given to a concept that allows multiple, local development efforts that are easily integrated into an instrument package very late in the construction phase.

To execute an observation program, the instruments are cycled through various modes of operation, for example, electronics configuration, sequencing shutters and filters, reading out detectors, flashing calibration lamps, erasing persistent images, and more. There will be health and environmental monitors in the instruments to insure data quality. Under this task we need to document instrument control and monitor needs. An early capture of these needs can allow us time to develop a common physical and logical interface to both the data collection system and the control system for all the instruments.

The information transferred across the interface to the spacecraft control and telemetry system needs to be defined. Clearly the observation command set must pass from the telemetry system to the spacecraft control and then to the instrument control unit. If an instrument control CPU is executing the observation commands, it needs to communicate back to the spacecraft control with information such as the desired pointing direction. An area requiring special attention is the how the fast star tracking data is handled to select starts and provide high rate updates to the satellite attitude control system.

Perform implementation research

In this set of activities we explore potential physical implementation of the data management system that match with a still fluid set of requirements.

Survey available hardware/interfaces

It is undesirable to develop a new untried data acquisition system for SNAP unless absolutely required. A survey of existing space memory, CPUs, and architectures needs to be performed, including consultation with vendors.

For control and monitoring, we will look for existing protocols and physical implementations and study their suitability for SNAP instruments.

Survey of existing/proposed systems

SNAP is not alone in learning how to deal with large satellite data sets. We will spend time to research what has been done in other satellites and what is being considered for the future. There is a wealth of information being generated by the NGST on this issue. It is interesting to note that even though the instruments are operated differently, SNAP has large exposure sizes but potentially high telemetry rates while NSGT has small exposure sizes but very limited telemetry rates, the issues and trades are similar.

For compression studies, a variety of algorithms are available. One that is much discussed for space imaging is the Rice algorithm; it is available in both software and hardware forms. For space images, compression efficiency is often determined by read noise. We can use dark images from our CCD test stand to measure how well they compress. Access to 16-bit unprocessed Hubble images will also be useful.

Develop requirements

At the end of the R&D phase we will have made the decision on the extent of on-board data processing we require based on tradeoffs of CPU versus memory versus telemetry. Implicit in this is the choice of a data compression scheme.

A requirements document capturing all the interfaces to instrument data and control, spacecraft control and telemetry, and ground station instrument control messages will be generated. A block diagram of the architecture will be developed showing these interdependencies and data rates.

CD1 planning

A major deliverable at the end of R&D is a cost and schedule for the engineering and construction of the on-board data management electronics. This will be supported with a requirements document and block conceptual design.

Planning for long lead procurements

At this time, no long lead procurements are anticipated.

R&D deliverables

The table below highlights deliverables generated during the R&D effort.

Deliverable
Completion Date

System conceptual design with

   block diagram
1-Jul-2001

Requirements document
2-Oct-2002

Construction cost and schedule
2-Oct-2002

Risk assessment

One of the purposes of this research is to minimize the probability that custom solutions will need to be designed and qualified during the construction phase. Our architecture will be strongly influenced by available commercial or other space-proven hardware.

Manpower

The table below shows the manpower estimates that have been derived from a resource load schedule.

Personnel
Category
FTE



FY01
FY02

H. von der Lippe
Engineer
0.20
0.20

C. McParland
Engineer
0.20
0.20

Scientist
Scientist
0.50
0.50

A brief description of the personnel follows:

· Henrik von der Lippe is head of the LBNL IC design group and has experience in managing electronics projects both in industry and in a laboratory environment.

· Chuck McParland is an LBNL engineer with a background in real-time data collection systems and large scale computing centers.

· The scientist is a graduate students or post doc. No one has been identified.

Budget summary 

The table below contains the budget summary in k$ excluding scientist salaries.

WBS

FY01


FY02



EDIA
Material
Total
EDIA
Material
Total

A.1.16
101
0
101
159
0
159

Schedule summary

A schedule summary is shown below which tracks the narrative above. The fully expanded schedule is provided elsewhere.
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Task Name

Duration

Start

Finish

1

CD0

0 days

1/27/01

1/27/01

2

ZDR/MDR

0 days

7/1/01

7/1/01

3

CD1

0 days

10/1/02

10/1/02

4

5

OBDM

610 days

6/1/00

10/2/02

6

7

Develop concept & block diagram

282 days

6/1/00

7/1/01

8

Model data volume and rate

395 edays

6/1/00

7/1/01

9

Study memory/CPU/telemetry impacts

395 edays

6/1/00

7/1/01

10

Develop data processing concepts

395 edays

6/1/00

7/1/01

11

Document SNAP instrument control

395 edays

6/1/00

7/1/01

12

13

Perform implementation research

326 days

7/1/01

10/1/02

14

Survey available hardware/interfaces

457 edays

7/1/01

10/1/02

15

Survey of existing/proposed systems

457 edays

7/1/01

10/1/02

16

17

Develop requirements

325 days

7/1/01

9/29/02

18

Develop architecture

260 days

7/1/01

7/1/02

22

Generate requirements doc

65 days

7/1/02

9/29/02

25

26

Develop CD1 cost/schedule

128 days

4/5/02

10/2/02
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