APPENDIX C

Data Processing Unit Conceptual Design



A conceptual design f or an instr ument Da ta Pr ocessing Unit (DPU) w as completed as par tof the
STEREO Pr e-Phase A study. Although the cur rent spacecr aft baseline does notinc lude aDPU, a
design has been de veloped for use should ther e be instr uments pr oposed tha t could benef it from
one. A DPU would be benef icial in two cases. In the first case, the pr oposed instr ument is an
existing design tha tis incompa tible with the STEREO spacecr aft bus. A DPU would be used to
adapt the instrument to the STEREO spacecraft and minimize instrument redesign costs. In the

second case, the pr oposed instr umentis a ne w design with modest da ta pr ocessing r equir ements. A
DPU would be shar ed among m ultiple instr uments tor educe total spacecr aft cost.

The DPU would act as an interf ace unit betw een the instr uments and the f ixed interf aces of the
STEREO spacecr aft. Four ofthe instr uments def ined inthe STEREO Instr ument Announcement of
Oppor tunity (A O) ar e consider ed candida tes for utilizing an instr ument DPU . These ar e the
Magnetometer , Radio Bur st Tracker, Ener getic Par ticle Detector and the Solar  Wind Plasma Analyzer.
These instr uments ha ve relatively low data band widths and da ta pr ocessing r equir ements making
them suitable candidates for sharing a common DPU.

The interf aces betw een the DPU and the STEREO spacecr aft ar e limited to one pr imary power
circuitatanominal +28 VDC and a MIL-STD-1553 da ta bus for commands, telemetry and time
distr ibution. The interf aces betw een the DPU and the instr uments will be def ined only after final
instr ument selections ha ve been made . For the pur poses of this stud vy, it has been assumed tha tthe
instr uments r eceive formatted dig ital commands and outputf ormatted dig ital telemetr y. A science
data path consisting of analog signals between an instrument and the DPU could be accommodated

butis notr ecommended due to inte gration, calibr ation and noise issues.

The primary task of the DPU w ould be to r eformat instr ument commands and telemetr vy for
compat tibility with the STEREO spacecr aft MIL-STD-1553 da ta bus. In ad dition, the DPU w ould
provide data pr ocessing and da ta compr ession ser vices (if necessar y) to the instr uments as DPU
processing capability and band width per mit. The DPU would also time ta g instr ument da ta as
requir ed and accommoda te a limited amount of v oltage, currentand temper atur e monitor ing for the
instruments.

The design of the STEREO Instrument DPU is a second-generation design based upon the instrument

DPU designed f orthe Near Ear th Aster oid Rendez ous (NEAR) spacecr aftand used onthe Advanced
Composition Explor er (ACE) and Cassini spacecr aft. Itis a modular computer system consisting of

a cor e set of boar ds with custom instr ument interf ace car ds ad ded as r equir ed. The cor e set of
boar ds consists of a pr ocessor boar d, a MIL-STD-1553 interf ace boar d, a housek eeping voltage,
currentand temper atur e monitor ing boar dand a DC/DC con verter boar d. The instr umentinterf ace
boar ds would be a pplication specific and would be based upon f ield pr ogramma ble gate ar rays
(FPGAs) with memor y components ad ded as needed to b uffer instr ument da ta. Second-g ener ation
enhancements to these boards include updated memory components, updated FPGAs and stacking
inter -boar d connector s. The stac king inter -boar d connector s eliminate the system motherboar d
thereby reducing system size, mass and cost.

The modular nature of the design is enhanced with a modular electronics chassis similar to that

used by the APL Command and Da ta Handling System in Your P alm pr oject. Eac h four-inch by
four inc h electr onic boar d, with stac king inter -boar d connector , is housed in a fr ame. When stac ked
and connected with the other electronic boards in the system the boards form the top, bottom, front
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and bac k walls of the electr onic chassis. End pla tes ar e added and the entir e assemb ly is thr ough-
bolted to gether to f orm a completed unit. This appr oach minimiz es chassis design costs because
only three piece parts need be designed: the 0.50 inch thick board frame used by most boards, the
0.75inch thick boar d frame used b y the DC/DC con verter boar ds and the endpla te.A system with
any number of boar ds can be b uilt fr om these piece par ts. The boar d frames will be modif ied by
machining openings for right angle micro-miniature “D” connectors as required for each board.

A block diagram of the DPU is shown in Figure C-1. Power and mass figures are given in Table
C-1. The DPU consists of the four core boards and two application specific instrument interface
boards. The processor board is based upon the 16 bit RTX2010RH processor operating at 6 million
instructions per second (MIPS). It contains 64 Kbytes of Programmable Read Only Memory (PROM),
256 Kbytes of Electrically Erasable Programmable Read-Only Memory (EEPROM), 256 Kbytes
of Static Random Access Memory (SRAM), an FPGA for processor support and interface func-
tions and a customizable external interface connector. The MIL-STD-1553 interface board is based
upon the United Technologies Microelectronics Center (UTMC) Summit DX protocol processor
and data transceiver with an FPGA for interface functions and 64 Kbytes of buffer SRAM. The DC/
DC converter board is based upon hybrid converter and filter modules. It incorporates in-rush cur-
rent limiting circuitry, under-voltage lockout circuitry and output noise filtering. The housekeeping
voltage, current and temperature monitoring board uses input multiplexers and signal conditioning
operational amplifiers to feed a single analog to digital converter (ADC). An FPGA is used to
control data acquisition and interfaces the system to the processor.
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Figure C-1 DPU Block Diagram
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Table C-1 DPU Power and Mass

Board Weight | Chassis Weight Power Thickness
Unit (grams) (grams) (watts) (inches)
Processor Board 125 25 1.00 0.50
MIL-STD-1533 Board 125 25 0.50 0.50
Housk eeping Boar d 125 25 0.50 0.50
DC/DC Con verter Boar ¢ 175 55 1.50 0.75
Instr ument Interf ace 125 25 1.00 0.50
Board
Instr ument Interf ace 125 25 1.00 0.50
Board
Chassis End Plate 0 60 0.00 0.06
Chassis End Plate 0 60 0.00 0.06
Total 800 300 5.50 3.37
Estimated Power: 5.50 watts

Estimated Weight: 1.10 kg
Estimated Dimensions4.2 x 4.2 x 3.4 incheéot including mounting feet)

Three of the four core boards in the system are based upon existing designs. The processor board is
very similar in design to the processor board used in the instrument DPUs that were flown on the
NEAR, ACE and Cassini spacecraft. The updated memory components for this processor board are
used in the High Energy Neutral Atom (HENA) instrument DPU currently qualified and awaiting
launch. The MIL-STD-1553 interface board is similar in design to the interface board used on the
NEAR spacecraft and would be software compatible with the existing unit. The DC/DC converter
board uses the same components and circuit design as used in the HENA and GUVI instruments.
The change in connectors and board size necessitates a new board layout. The housekeeping board
would be a new design and could be tailored to the requirements of the selected instruments. Circuit
design of this board would be based upon similar boards developed for NEAR, Cassini and HENA.

Area studies of the processor board, MIL-STD-1553 interface board, and the DC/DC converter
board were completed to verify the feasibility of packaging these functions onto the four inch
square board form-factor. A detailed printed circuit board routability study of the processor board
was completed to insure that the parts packing assumptions used in the area studies were valid.
Both studies indicated that the system is feasible and would not present packaging problems.

C-3



