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Innovative Use of DSP Technology in Space: FORTE Event Classifier
by

Scott Briles, KurtMoore, Rollin Jones,PhilippeBlain (EG&G), PhiUipKlingner,Daniel Neagley,Michael
Caffrey,KarenHennekeandWilliamSpurgen

Los AlamosNationalLaboratory
Los Alamos,NM 87545 USA

dbstract--TheFastOn-OrbitRecording of Transient ionospheric total electron content (TEC) will
Events (FORTE) small satellite will field a digital produce variations in the wideband frequency-
signal processor (DSP) experiment for the purpose dispersionprofile of the transient signals produced
of classif_ng radio-frequency (rf) transient signals below the ionosphere. The transient signals will be
propagating through the earth's ionosphere, obscurednot only by background noise, but also by
Designated the Event Classifier experiment, this man-made clutter (e.g., continuous-wave carriers,
DSP experiment uses a single Texas Instruments' burstcommunications,chirped-radarsignals, etc.).
SMJ320C30DSP to execute preprocessing,feature To study the reduction of telemetry signals to the
extraction, and classification algorithms on down-

ground,FORTE Utilizesan advancedsignal analyzer
converted, digitized, and bufferedfftransientsignals called the Event Classifier (EC). The EC
in the frequency range of 30 to 300 MHz. A incorporates a single Texas Instruments'
radiation-hardenedmicrocontroller monitors DSP- SMJ320C30 DSP, which will execute neural
abnormalities and supervises spacecraft command network-based classification schemes.
communications. On-orbit evaluation of multiple Communicating only with the Flight Payload
algorithms is supported by the Event Classifier Controller(FPC), the EC will receive raw data and
architecture. Ground-based commands determine

returnanalysis reports via a 16-bit parallel port, and
the subset and sequence of algorithms executed to receive commands/code uplinks and return state of
classify a captured time series. Conventional neural health reports via a serial port. Figure 1 shows a

- network classificationalgorithms willbe some of the partial block diagram of the interconnections
"classification techniques implemented on-board between various subsystems of FORTE. The
FORTE while in a low-earth orbit. Results of all interconnectionsshow that the Event Classifieris a
experiments, after being stored in DSP flash generalpurpose DSP-based computation system.
memory,will be transmitted through the spacecra_
to ground stations. The Event Classifieris a versatile II. EC HARDWAREDESIGN
and fault-tolerant experiment that is an important .4. General Implementation
new space-basedapplicationof DSP technology. Radiationtoleranceis a primaryconsiderationin the

design of space-based hardware. With this
I. INTRODUCTION consideration taken into account, two processor

FORTE (Fast On-Orbit Recording of Transient elements are used in the design of the EC. A
Events) is a United States of AmericaDepartment of radiationhardenedversion of an 80C31 (SA3865)
Energy small-satellite experiment scheduled for serves as the microcontroller for the EC. A C30
launch in mid-1995. A 10-meter pseudo-log- DSP (SMJ320C30), which is less radiationtolerant
periodic boom antenna coupled to state-of-the-art than the microcontroller,performs all data analysis
analog and analog-to-digital electronics will capture tasks. By using the microcontroller to monitor the
Vt_ (30-300 MHz) electromagnetic transients, operation of the DSP and perform
From the space-based vantage point, the main command/housekeeping communications with the
sources of natural electromagnetic transients are FPC, a more robust system interface is achievedat
expected to be lightning signals[I]. Changes in the
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¥igure 1 Partial block diagram of subsystem interconnoctions for the Forte small satellite

the expensive of weight, power usage, and cost, as Programmable Gate Array (FPGA) via registers and
opposed to using the DSP alone. Figure 2 shows a interrupts. Interrupts are provided to both the
functional schematic of the Event Classifier. microcontroller and DSP when data is available to

be read. Memory-address decoding for the
Memory available to the 8-bit microcontroller microcontroller is performed in the FPGA.
consists of 8 Kbytes of radiation-hardened PROM Communication between the FPC and the
and radiation-hardened SRAM. There is no shared microcontroller is conducted using one of the serial
memory between the microcontroUer and the DSP.
Communication between the microcontroller and the ports of the microcontroller at 9600 baud.
DSP is conduc;.ed through an Actel 1280 Field DSP memory accesses and communications are

EVENT CLASSIFIER

+5v for DSP
Rid-H|rd BootProm Address TMS320C30 Latch-upOetector

Address0-3FFF Data OSP
_ : 16KWords

FlashMain 1
Address 100000-13FFFF

256K Words ExpansionBus
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FlashMain 2 16bites
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PowerSupply
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AddressCO0000-C07FFF L
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8K Bytes 32 K Bytes
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AddressDOOO00-OFFFFF
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Figure 2 Functional schematic of FORTE Event Classifier.



conducted using the two-bus architectureof the C30 Using the expansion bus, the DSP is required to
DSP, which allows 32-bit accesses to physical "ping," at least once a second, a watchdog timer
memoryover the primarybus and 16-bitaccesses to circuit in the FPGA. The "ping" operation consists
the FPGA over the expansion bus. Primary-bus of writing to a specific memory location and
memory varieties include PROM, SRAM, and Flash subsequentlyresetting the watchdog counter. If the
memory. The 16 Kwords of rad-hard PROM watchdog times-out, the microcontroller is
memorycontain boot and upset-recovery firmware, interruptedand then attempts to communicate with
SRAM memory includes 32-Kwords of radiation- the DSP. Failure of communication forces the
hardened memory and 1 Mword of radiation- microcontroller to reset the DSP and reinitialize
susceptiblememory. The Flash memory is used for data-analysis operations. The watchdog timer can
data-analysiscode execution and for analysis report deal effectively with non-destructive latchup of the
storage before transmissionto the ground. Address DSP.

decoding for the DSP primary bus is performed by However, the DSP is also susceptible to destructive
the FPGA. latchup failure. The microcontrollerwould not be
The FPGA interfaces with both address and 16-bit able to respond fast enough should destructive
data to the DSP expansion bus. Data from the latchup occur. To prevent a destructive latchup
expansionbus is forced to 16 bits by using only the failure from progressing to the destruction of the
lower half of a 32-bit word. Communicationswith DSP, a current-monitoring latchup-protection
the microcontrollerand FPC are conducted over the circuit, shown in Figure 3, supports the DSP. The
expansion bus and then through the FPGA via iatchup-protectioncircuit autonomously disconnects
registers. A 16-bitbi-directionalparallel port to the power from the DSP and interrupts the
FPC is used to input data to the DSP and output microcontroller should the current level exceed
analysis reports to the FPC. Since the DSP threshold. Some adjustment of the current-level
operatingwith a 25-MHz clock is significantlyfaster threshold is provided to the microcontroller. This
than the FPC, the only handshakingperformed on inventive circuit prevents catastrophic events from

- , the parallelport is to interruptthe DSP that the FPC terminatingthe Event Classifierexperiment.

'has either written or read data. This handshaking Some on-orbit device testing of the DSP is
protocol provides the least burden to the FPC, contemplatedprovidedmission related issues do not
which must contend with demands from the other overshadow the testing. Testing would involve the
payloadsubsystems, exercising of DSP internal memory, which is not
B. Additional Radiation Design Issues used in normal operations, for the detection of bit
A 5-K fads (Si) total-dose radiation-exposure upsets. The DSP also containstwo serial ports and
specification has been determinedfor the FORTE two timersthat may be interconnectedfor testing of
mission[2]. Previous radiation testing of their operationsin orbitalconditions. Other testing
TMS320C30 DSPs[3], both commercialand military is presentlyundetermined.

grades, revealedprocessor failurebetween 4- and 5- In addition to the DSP being susceptible to
K rads (Si) total-dose exposure. The EC uses the radiation, the l-Mword block of SRAM that
military-gradel-micron version of the TMS320C30, supports the DSP is also susceptible to bit upsets.
SM.I320C30,at a slower clock rate thanthe testing, To combat this bit upset problem, error control
which may degrade radiationhardness. In orderto coding will be implemented on access to the
minimize the burden to the FPC, a mission-defined memory. Extended double-error-correcting codes
radiation-hardmicrocontrollerwas incorporatedinto will be implementedfor codewords of length 128-
the EC designto monitor the DSP. bits and possibly 512-bits. Both codes will be block

codes of some implementation.
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Figure 3 Latch-Up Detector circuit.

when working with flight hardware. The emulator-
C. Emulator-Port Buffering buffercircuitis shown in Figure 4.
The DSP incorporates an extremely useful emulator
port for software development and hardware III. ECSOFTWAREDESlON
debugging. However, upon using this XDS510 PC- The EC relies on the microcontrollerto intercept all
based emulator with prototype hardware, the need commands from the FPC. Operating on bytes, the
for tri-state buffeting became apparent. The flight microcontroller parses out commands, which are
Actel FPGA is a one-time programmabledevice, so provided over the serial link, and places them in
a Xilinx FPGA was used for development. This FPGA registers. The same procedure occurs when

prototype FPGA configured unreliably with the recently developed classification-algorithm codes
emulatorconnected. This problemwas traced to a and algorithm sequences, intended for execution on
0.8 Vdc voltage that was observed on the dormant the DSP, are uplinked to the EC. Housekeeping and
prototype target system, due to a stray voltage that state-of-heath information are collected and
originated from the emulator. To solve this problem, formattedby the microcontroller for once-a-second
a tri-state buffer was placed on the emulator port. transmission over the serial link to the FPC. Also
The stray voltage would have been unacceptable the microcontroller formats requests from the DSP
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Figure4. Emulatorbuffercircuit.

to the FPC. While the microcontroller is conducting baseband bandwidth of 20 MI-Iz, and 12 bits of
communications tasks, it continuously monitors the quantization. Both formats are mixed down to their

DSP for latchup occurrence, relative baseband bandwidth from the frequency
range of I0 to 320 MHz. The duration of the time-

The DSP is held in reset until the microcontroller series records can be extremely large (e.g., several
releases it. Once released, the DSP executes boot milliseconds). However, the EC is constrained to
and test operations. Instructions from the ground, time-series lengths of 256k samples or less.
transmitted through the microcontroller, command
the DSP t.o upload new code/algorithm sequences, The conventional pattern-classification paradigm
execute algorithms, or download computational or consists of the following functional blocks: (I)
memory-test results. Preprocessing and Enhancement, (2) Interest-Point

Location, (3) Feature Extraction, (4) Classification,
Executable code for the algorithms is held in Flash and (5) Parameter Estimation, which is shown in

- , :memory along with values of pre-defined variables.
A function table is used to reference individual Figure 5. Even with such a paradigm, no general

algorithms. Thus a sequence of algorithms can be methodology exists for selecting and implementing
assembled from the function table to operate on the specific pattern-classification techniques. Each
data. The results of the computations are placed in application of pattern classification requires an

Flash memory for downloading to a ground station application-driven solution. As knowledge is gainedthrough greater exposure to real-world data, the
at some later time. algorithms for each of the functional blocks can be
The time-series data provided to the EC can be in redeveloped and improved.
two different formats. One format consists of a The current baseline algorithm sequence consists of:
sample rate of 300 Msps, a baseband bandwidth of a sub-band trigger for interests-point location; a
90 MHz, and 8 bits of quantization. The other spectrogram generator for feature extraction; and a
format consist of a sample rate of 50 Msps, a neural-network self-organizing map for

Preprocessing t Interest Point Feature Neural NetworkLocation
Enhancement i Extraction Classification Results

I I
Figure 5 Pattern-Classificationparadigm.
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classification. Preproeessing is not implementedin IV. SUMMARY
the baseline algorithm sequence. However, a unique The Event Classifier experiment on the FORTE
device, known as the Adaptive Pre-whitener,will be small satellite will provide DSP technology the
place at the rf front-end to reduce carrier signals, opportunity to expand its role in space-based
The software sub-band trigger is necessary for applications. Having the capability to program the
interest-point location because the acquisition DSP fromthe ground allows for a versatile test bed
systemmay false trigger, to evaluate pattern classification techniques and

The spectrogram generator provides a time- radiation-hardnessissues.
frequency representationof the signal. This type of ACKNOWLEDGMENTS
representationprovides a very clear interpretationof The authors wish to thank gollin Jones for the uses
the frequency-dispersive nature of the ionosphere, of his circuit design in Figure 3, and Daniel Neagley
which is conveyed in the signal.. Performed forthe use of his circuit design in Figure 4. Also the
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The Event Classifier is a versatile pattern
classification test bed that is an innovative uses of

DSP technology in space.
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