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Fig. 2C
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CHIP FOR CCSDS COMPATIBLE SERIAL
DATA STREAMS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application now formalizes and incorporates herein
by reference Provisional Application Ser. No. 60/029,333,
“Service Processor Chip,” Jason Dowling, filed on Oct. 30,
1996. Applicant claims the priority date thereof under 35
U.S.C. 119¢e).

The instant application is also related to application Ser.
No. 08/921,666 “Parallel Integrated Frame Synchronizer
Chip.,” Parminder S. Ghuman et al, filed on Sep. 2, 1997,
mcorporating by reference and claiming the priority of
Provisional Application Ser. No. 60/028,733, “Parallel Inte-
grated Frame Synchronizer Chip,” Parminder S. Ghuman et
al, filed on Oct. 15, 1996, these applications also being
incorporated herein by reference.

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA contract and is subject to the
provisions of Section 305 of the National Aeronautics and
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42
U.S.C. 2457), and may be manufactured and used by or for
the Government for governmental purposes without the
payment of any royalties thereon or therefor.

TECHNICAL FIELD

This invention relates generally to apparatus for process-
ing digital data and more particularly to a service processor
for processing a serial data stream such as that received from
an airborne vehicle such as a spacecraft.

BACKGROUND ART

Airborne vehicles, such as spacecraft have been used to
both relay data and to generate data. When functioning as a
relay, it may receive data from a source, such as a ground
transmitter, i.e.,, on an up-link, store the data, and then
transmit the data, on instruction, to a ground station, i.e., on
a return- or down-link. When functioning as a data
generator, the spacecraft may have one or more instruments
functioning as sensors with the sensor information being
stored and transmitted, on instruction, to a ground station on
a down-link. With a plurality of instruments, the sensor
information will be multiplexed. Whether functioning as a
relay or a generator, with or without multiplexing, the
spacecraft will typically convert and store information in
binary form and thereafter down-link a serial data stream.
The serial data stream contains the binary information that
is embedded in the transmitted RF signal through a number
of modulation schemes.

Regardless of spacecraft configuration and design
particulars, a ground station receiving spacecraft transmis-
sions will be receiving a continuous RF serial data stream
which must undergo signal processing of some kind to
extract information from the data stream. The configuration
and complexity of the signal processing will be determined
by the complexity of the serial data stream signal.

Relatively inexpensive, less complex systems include a
low data rate transmitter, transmitting a signal in the order of
kilo bits per second (Kbps), to a spacecraft. The transmitter
signal includes transmitter identification (ID). The space-
craft functions to receive, store, and “dump” (transmit) on
command. The spacecraft receiver typically will include
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demodulation and error correction after which the data is
stored until the dump instruction is received. Thereafter, the
spacecraft will transmit to a ground station. These spacecraft
will often transmit at Ka, Ku, S or X bands, where the low
data rate information is embedded on the RF employing
simple phase modulation. In some cases, more sophisticated
modulation schemes are employed, such as binary phase
shift keyed (BPSK) or quadrature phase shift keyed (QPSK)
modulation. These spacecraft are typically in low earth orbit
(LEO) where the orbit is known and transmissions to the
spacecraft from the data source, e.g., ground, and from the
spacecraft to the ground station, can be appropriately timed.
Some of these systems employ relay satellites as well.

When the spacecraft transmission, including the ID, is
received at the ground station, it must be suitably processed.
While ground stations vary in terms of complexity, modern
ground stations normally will contain some common fea-
tures. These would include, in the order of the direction of
signal flow, an antenna followed by a receiver with an RF
gain stage, down conversion to an intermediate frequency
and a demodulation stage. The output of the demodulator
would then be fed to a bit synchronizer to synchronize the
bit stream to a system clock. At this point, a serial data
stream exists that is, in essence, the same as that received at
the ground station, except that it is at a much lower
frequency, i.e., a binary series of ones and zeros. As yet,
however, no useful information can be extracted because the
beginning and end of the encoded information is unknown.
The return- or down-link processing from this point gener-
ally involves the extraction of framed digital data from the
bit stream, correction of the fame to frame data, validation
of the protocol structures within the frame, and the extrac-
tion of user data. For these purposes, the data stream is
inputted into a frame synchronizer followed by frame error
detector and corrector, often a Reed-Solomon type, and
thereafter followed by a service processor.

The frame synchronizer determines the telemetry frame
boundaries from the bit stream by detecting sync markers
embedded in the bit stream. The output of the frame syn-
chronizer will then be inputted to the error detection and
correction circuitry that detects and corrects frame-to-frame
errors caused by transmission disturbances, in essence, with
parity checks, Thus, the output at this point is a corrected
telemetry frame that, as yet, has no extraction of any
particular data. For this purpose, the corrected telemetry
frames are inputted to a service processor. While a service
processor may perform a number of functions, its basic
function is packet extraction which refers to the extraction,
and possible reconstruction, of packets of data from the
frame synchronizer. A packet is, by definition, associated
with a single instrument or other signal source. A packet of
data not only contains data related to a single instrument or
other source, it contains “overhead” data relating to the
source. The overhead data includes such things as packet
Iength as well as spacecraft and application IDs from which
the particular source ID may be derived. These IDs are
contained in a transfer frame and it is the information in the
transfer frame that makes it possible for the service
processor, the subject of the instant application, to extract
packets relating to a given, predetermined source at a given
time. More precisely, a transfer frame contains information
pertaining to a transmitting spacecraft as well as a data area
containing data from a particular instrument or other source.
Spacecraft information includes spacecraft and channel
sequence identifiers. Telemetry ground stations use the chan-
nel sequence count to check for the receipt of all data from
a specific channel. Specifically, the ground stdtion service
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processors use the spacecraft and instrument IDs and the
sequence count to check for errors in terms of the proper
receipt of data. el

Prior to the 1980°s, the National Aeronautics and Space
Administration (NASA) did not have standards for data
transmission formats. Each spacecraft mission had its own
protocol. The Consultative Committee on Space Data Sys-
tems (CCSDS) was formed to develop a set of recommended
space data system standards and these were implemented in
the mid-to-late 1980’s. These standards impacted the design
of both frame synchronizers and service processors. The last
set of standards published by the Committee was in a
document entitled “Advanced Orbiting Systems, Networks
and Data Links: Architectural Specification,” CCSDS 701.0-
B-2, Blue Book, November 1992. This document is on the
Internet and is generally known to those involved in space-
craft systems design.

Service processing was implemented with a relfance on
software. Both the real time data path as well as the decision
making process were completely embedded in software that
functioned to extract packets of data with given IDs and then
carry out the particular algorithms for processing that data
The hardware portion of the processor was responsible for
data movement or routing. This implementation was capable
of processing 100’s of Kbps in real time. This kind of
software implementation is still sufficient for current,
inexpensive, low data rate spacecraft. The improvement in
related hardware has not significantly improved the use of
these software based service processors with the higher data
rate systems. The processing of the frame data was, in
essence, all accomplished by inherently slow serial opera-
tions. In addition to packet extraction and algorithm appli-
cation to the data, service processors detect packet errors and
provide the option of using or not using the data. There is no
error correction function associated with service processors.

One of the significant problems with the prior art archi-
tecture is the low bandwidth utilization of the data path. This
is due to the slow response time of software embedded
decision making algorithms. For each packet, the fields must
be extracted from the data path and analyzed one by one.
This serial chain of events causes the data path to stall. Once
a decision has been made, the data flow proceeds at a high
rate. Software simply cannot keep up with the time that it
takes to move the data. Further, there is the possibility of
high packet rates. While a packet can be of any bivbyte
length, a packet may be from 7 to 65542 bytes as specified
by the CCSDS. However, the overhead for processing a
packet is constant regardless of the size of the packet
because large and small packets are transmitted at the same
data rate, i.c., higher packet rates cause the fixed amount of
overhead to be performed more frequently per unit time.
Thus, the decision making process can quickly become
overwhelmed by a burst of small packets. -

While the prior art has taken some advantage of VLSI
technology with the development of application specific
integrated circuits (ASICs), the prior art has not included,
and there remains the need for, the development of service
processors, preferably in the form of ASICs, that eliminate
all software from the service processor functions while
operating at the highest current data rates.

SUMMARY OF INVENTION

Accordingly, it is an object of the present invention to
provide an improvement in apparatus which receives a
digital data stream from airborne vehicles, such as space-
craft.

25

30

35

40

45

55

65

4

It is another object of the invention to provide an improve-
ment in apparatus for return link signal processing of a serial
data stream from spacecraft.

It is a further object of the invention to provide an
improvement in apparatus for implementing service pro-
cessing of spacecraft originated, return link serial data
streams.

Tt is still another object of the invention to provide an
improved, hardware implemented service processor.

It is a still further object of the invention to provide an
improved, low cost, high speed, flexible, VLSI/ASIC service
processor for real time processing of high data rate, return
link serial data streams.

It is yet another object of the invention to provide an
improved service processor with a flexible configuration that
allows for the extraction of data that satisfies both CCSDS
and CCSDS-like protocols.

It is a' yet further object of the invention to provide
improved, lower cost ground stations that are less expensive
to both purchase and maintain.

1t is a still further object of the invention to provide an
improved service processor that is configurable in terms of
frame and packet quality checking as well as data routing.

The foregoing and other objects of the invention are
achieved by the provision of solely hardware based service
processor architecture. By this, it is meant that the means for
configuring the service processor for particular spacecraft
characteristics, i.e., the means for data management
configuration, the means for data routing within the service
processor, and the means for processing the data according
to a particular transfer function or algorithm, are all per-
farmed without software.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electronics block diagram of an embodiment
of service processor apparatus for frame and packet extrac-
tion and processing according to the subject invention;

FIG. 2A is the flow diagram for the input subsystem
shown in FIG. 1 for inputting data into said subsystem;

FIG. 2B is the flow diagram for the input subsystem
shown in FIG. 1 for counting bytes inputted into said
subsystem in FIG. 1;-

FIG. 2C is the flow diagram for the input subsystem
shown in FIG. I for allowing processing of discontinuous
data inputted into said subsystem;

FIG. 3A is the flow diagram for the autocapture subsystem
shown in FIG. 1 for all autocapture mechanisms;

FIG. 3B is the flow diagram for the autocapture subsystem
shown in FIG. 1 for some autocapture mechanisms;

FIG. 4A is the flow diagram for the frame quality check-
ing and lookup subsystem shown in FIG. 1 for deciding
whether or not to perform the frame lookup process.

FIG. 4B is the flow diagram for the frame quality check-
ing and lookup subsystem shown in FIG. 1 for performing
the frame lookup process.

FIG. 5 is the flow diagram for the static and frame service
output subsystem shown in FIG. 1;

FIG. 6 is the flow diagram for the packet quality checking
and lookup subsystem shown in FIG. 1; and

FIG. 7 is the flow diagram for the packet service output
subsystem shown in FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

The hereinafter described service processor takes advan-
tage of available VLSI densities in a VLSI application
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specific integrated circuit (ASIC) component. It is usefull
for return link data processing and, in the embodiment
described, it is usefull in processing the widely adopted
packet telemetry protocols recommended as space data
standards by the CCSDS as well as CCSDS-like protocols.
These protocols have been adopted for most future space-
craft missions, particularly for NASA related missions.

This service processor advances the state of the art in
many ways, one of the more important of which is the
capability to process very high data rates associated with a
number of the more recent spacecraft that typically transmit
in the 50 Mbps to 150 Mbps range. The instant service
processor more than meets current needs by providing up to
and beyond 400 Mbps operation with packet throughput
rates in the area of millions of packets per second.
Fundamentally, this capability is achieved by the elimination
of software, the use of VLSI/ASIC architecture, config-
urability of the service processor for various missions
through the use of variable microprocessor or
microprocessor-like setups, and the use of some parallel
operations, rather than serial operations, within the proces-
sor. The VLSI/ASIC architecture is very cost effective in
production.

Referring now to the drawings and more particularly to
FIG. 1, shown thereat is a high level block diagram 10 of the
subject service processor wherein a microprocessor (not
shown) drives a microprocessor interface 12 at input/output
port 14. The microprocessor functions to program setup
registers 16, through the microprocessor interface 12. The
setup registers, in turn, set up various electronic blocks
shown in FIG. 1 (the “blocks”) in the service processor for
particular functions by providing an output and inputs 18
(connections not shown) that customize or setup those

blocks, for instance, for a particular spacecraft instrument,

whose data is about to be processed by service processor 10.
The status counters 20 provide a mechanism for data quality
accounting. This means that certain critical events are con-
tinuously tracked. To this end, the status counters obtain
information from various blocks via input/outputs 22
(connections not shown) and outputs the status of those
blocks to the microprocessor through microprocessor inter-
face 12. The blocks furnishing status information to status
counters 20 are the input subsystem 24, the static and frame
service output subsystem 44, and the packet quality check-
ing and lookup subsystem 66. Status counters 20 store such
information as total number of frames inputted and
outputted, and total number of packets outputted. The micro-
processor is also employed to setup external lookup tables
(not shown), through interface 12. These lookup tables are
frame and packet lookup tables that are configured by the
microprocessor to contain frame and packet information that
specifically relate to the particular spacecraft instrument data
being processed. One such subsystem to which the output 18
of setup registers 16 is connected is input subsystem 24.
The basic function of the input subsystem is to move
frame data from an external source to an internal FIFO
memory. This subsystem is also responsible for counting the
length of the input frames, and additionally, it provides a
timeout mechanism that counts the number of clocks that
data is available. If the count reaches a selectable threshold,
a timeout event will be generated. To this end, an external
input 26, providing corrected frame data, is connected,
through the input port, to input subsystem 24. Input 26
inputs frame synchronizer data and clock after frame error
detection and correction. It is read into input 26 from an
external synchronous FIFO (not shown). The output 28 of
input subsystem 24 contains frame data and is passed on for
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frame and packet processing and extraction, both to the
pipeline FIFO 30 and the autocapture subsystem 32.

FIG. 2A is the algorithm for inputting data from input 26
into input subsystem 24. The term “online™ refers to the
service processor being ready to process; “byte” refers to 8
bits while “word” refers to 16 bits. If a byte is present, the
path is different than that for a word and two bytes are then
stacked to form a word. EOD means that the input sub-
system 1is to keep writing into the pipeline FIFO 30 until the
end of the data is reached. The term “wait for frame out
done” refers to an instruction not to accept a new frame for
processing until the completion of processing of the current
frame being processed. As with the other flow diagrams,
including those carrying out algorithms, it is irrelevant what
logic is employed.

FIG. 2B is the algorithm for counting bytes coming into
input 26. It determines the accuracy or inaccuracy of the
“frame length” where the frame length is inputted from the
microprocessor. The algorithm checks for long or short
length if the length check is enabled. The input subsystem 24
is configured to make this check by the setup registers 16. If
the length check is enabled and the frame length does not
conform to the requirement, the frame is labeled as inaccu-
rate and rejected, but only if required.

FIG. 2C is the algorithm allowing input subsystem 24 to
process discontinuous data. This algorithm takes the data
clock portion of input 26, counts data clock cycles, and then
decides whether the clock count exceeds the preselected
count stored in setup register 16 and inputted to the input
subsystem at 18. The preselected count in the setup register
is obtained from the external microprocessor. If the actual
count exceeds the predetermined count, all data in the
service processor is transferred out all output ports.

The pipeline FIFO 30 captures and stores frame data. It is
simply a memory device. Pipeline FIFO 30, after accepting
data on line 28, takes that data and places it in its 2Kx18
memory and outputs that data in a FIFO fashion on output
34 to the static and frame service output subsystem 44 and
to the packet header extraction and boundary determination
subsystem 48. .

The input subsystem 24 also has its output 28 connected
to the autocapture subsystem 32. While data transfer into the
pipeline FIFO 30 is occurring, the autocapture subsystem 32
captures information such as frame header and quality
annotations using reference points that are generated and
then stored in the setup registers to locate these fields within
the frame. These fields are used for frame identification,
frame quality determination, and frame and packet annota-
tions. The autocapture subsystem 32 implements seven
autocapture mechanisms. Four among the seven are used for
capturing quality annotations added by the frame synchro-
nizer to the frame data. The annotations may be prepended
or appended to the frame data The quality annotations may
include the frame synchronizer status structure and the error
correction status structure which may have been attached to
the frames during upstream processing, i.e., prior to service
processing. The fifth autocapture mechanism is used to
capture multiplexed protocol unit header or bitstream pro-
tocol data unit header. The sixth mechanism is used to
capture the primary frame header which contains informa-
tion such as spacecraft ID. The last mechanism is used to
capture time information indicating the time a frame was
received from a spacecraft.

FIGS. 3A and 3B depict the algorithms that provide the
seven mechanisms and four mechanisms, respectively, in the
autocapture subsystem 32. The FIG. 3A algorithm is used to



US 6,178,470 Bl

7

capture frame information such as the frame header and
quality information. The inputs are the data on line 28 from
the input subsystem and line 18 from the setup registers 16.
The register information enables the algorithm. If there is no
enablement, data is not processed. If there is enablement,
frame synchronizer information indicates the start of each
frame, a byte count is started and continues until a prede-
termined count is reached, The predetermined count comes
from the setup registers on line 18. The data is then captured
and stored in registers (not shown) within the autocapture
subsystem. A done flag is generated when the data capture
is completed with an error flag being generated if an EOD
occurs before the autocapture is completed.

FIG. 3B, as previously indicated, depicts the algorithm
used solely for autocapture mechanisms one through four. It
is employed to capture quality annotations which may have
been prepended or appended to incoming frame data. Shown
are input lines 18 and 28 that include setup information and
the frame data, respectively. Setup mask and value came

from setup register 18. Comparison checks are made for »

equal or unequal values corresponding to quality. If equal.
captured data is marked as good, if unequal, the captured
data is marked as bad, :

After processing is completed as shown in FIGS. 3A and
3B, the autocapture subsystem 32 outputs frame quality
information on line 36 to the frame quality checking and
lookup subsystem 38. With respect to subsystem 38, frame
quality checking includes the verification of the frame
version (CCSDS specifies version 1 and version 2 frames),
frame sequence counts and fame length (compared to antici-
pated count and length), as well as the quality of annotations
applied by the upstream hardware, e.g.. the frame
synchronizer, and embedded in the frames. This subsystem
is capable of processing two different frame versions at the
same time. The lookup function refers to the ability to form
addresses for accessing an external memory device. After
capturing frame header information, the first two bytes of
information which contain frame version, spacecraft ID and
virtual channel ID are used to form an address. This address
is used to look up desired information from an external
memory device. The information that is fetched from this
memory device is used to instruct subsystem 38 how to
process the frame.

FIG. 4A depicts the algorithm responsible for carrying out
the frame quality checking function of subsystem 38. Inputs
are from the setup registers, line 18, and quality information
on line 36 from the autocapture subsystem 32. The algorithm
is set up for both version 1 and version 2 frames. In some
cases, the version is unimportant. In other cases, the version
must be known in order to continue processing. In either
case, the setup registers contain this information and this is
communicated to the frame quality checking and frame
lookup subsystem on line 18 as shown in this figure. The
other input is on line 36 from the autocapture subsystem 32.
If the version expected is “none”, then a comparison is made
between the value expected and the value actually observed
from line 36. If both values do not compare to expected
values, then a frame version error flag is generated. The term
“autocapture 6" refers to mechanism 6 as described above.
If a given version finds a match, only that version is further
processed, i.e., at most, there can be only one correct
version. On the other hand, there may be neither, in which
case a frame version error flag is generated and there is no
further processing. When further processing is appropriate
because there is a match, the process then performs other
quality checks on line 36 data, including a master channel
sequence count check using line 18 setup data. The master
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channel sequence count refers to a count of sequential
frames using the frame numbers assigned and stored in each
frame header. This functions to detect a gap in frames
received. If the quality checks are enabled, then data cap-
tured values and setup values are compared for a match. If
there is no match, then the master channel sequence error
flag is generated. Whether or not there is a match, the frame
sequence count is incremented by one and stored in registers
(not shown) located within this subsystem 38. This incre-
mented value is needed to process the next incoming frame,
as it indicates the next expected frame by number.

The algorithm represented by FIG. 4B depicts the frame
lookup process. The input to this flow diagram includes
already performed quality checks. The flow diagram then
uses this quality check information to make a decision
whether to perform a frame lookup access. If the quality
check information indicates that the frame quality meets
predetermined specifications for the particular mission, then
the address for the particular frame lookup record is formed
using the particular frame identifiers embedded in the frame
header. When the address is obtained, then the frame lookup
table is accessed for such data as frame service information
and channel index information. Frame service information
includes information relating to how the frame is to be
processed, i.e., how data embedded in the frame is to be
extracted and processed. Channel index information is an
assigned, unique number which identifies a virtual channel,
the virtual channel including only those frames obtained out
of a multiplexed transmission that pertains to a single
particular instrument. )

Also fetched from the frame lookup table is the next
expected virtual channel sequence value. This is used to
check the virtual channel sequence count with the frame
header sequence count and compare their values to see if
they match. If they do not match, then a virtual channel
sequence error flag is generated. In any event, the next
expected virtual channel sequence value is calculated and
stored back into the frame lookup table via line 40. The
master channel sequence error and virtual channel sequence
error flags are ultimately combined in an “or” function, to
form a generic sequence error flag which is outputted on line
42 to pipeline FIFO 30, along with all autocaptured quality
information and frame lookup information.

The static and fame service output subsystem 44 takes the
output of the pipeline FIFO, including frame data, frame
quality, and lookup information and uses this information,
employing the frame lookup information, to output this
frame data on the frame service port 46 for forming parallel
outputs to further external destinations. The frame Iookup
and frame quality information is used as annotation which is
either prepended or appended to the frame data when
outputted. This subsystem determines whether the fame
annotation is to be prepended or appended to the output
frames. If prepended, the frame annotation is sent out the
frame output port followed by the frame data. If the anno-
tation is being appended, the frame data is sent out first
followed by the frame annotation. The flow chart depicted in
FIG. 5 shows the decision making process for carrying out
the functions of the static and frame service output sub-
system 44.

The packet header extraction subsystem 48 inputs the
output of pipeline FIFO on line 34 and, additionally inputs
channel state record data 50 from channel state table 68
indicating the state of the virtual channel. This specifically
includes the address of where to begin writing data into
external memory accessed through packet buffer port, line
60. The function of this block is to find the location of the



US 6,178,470 Bl

9
packet headers within the frame and thereafter extract those
headers. The extracted packet headers are outputted along
with packet length and packet address to header memories

52 on line 54. Packet headers with length and address and

other packet quality information form “packet header
records”. Additionally, all packet data is outputted on line 56
where it is inputted to the bidirectional packet buffer MUX
58. The MUX 58 multiplexes the incoming packet data and
outputs that data on line 60, at the packet buffer port, to an
external packet buffer memory (not shown). The MUX 58
also inputs data on line 60. This inputted data is also packet
data, this data being that temporarily stored in the external
memory. All this packet data is multiplexed by the MUX 58
and this multiplexed data is outputted on line 62 to the
packet service output subsystem 78. There is no capability in
the MUX for directly outputting packet data from line 56 out
line 62. It must first be stored externally over line 60.

Any algorithm performing the extraction function for
outputting extracted packet header records on line 54 must,
for all packets within the frame perform the following
functions: locate the packet header, determine packet length,
calculate the location of the next packet header employing
the previously determined packet Iength, check packet ver-
sion for CCSDS compliance, and determine the number of
packets per frame. The packet versions are a part of the
CCSDS standards.

The packet header memories 52 are buffers providing
temporary memory storage of packet header records that are
inputted on line 54 and outputted on line 64. The memories
are configured in two banks, each being 512x48 bits in size.
While the packet header records from one frame are being
written into one bank, the packet header records from the
previous frame already stored in the other bank are being
outputted on line 64. When these inputting and outputting
functions are completed, the memory bank that has just
stored the last incoming record is then switched to an
outputting function, and the memory bank just outputted is
then switched to an input or storage mode.

The packet quality checking and lookup subsystem 66
takes packet header records from the line 64 input and
processes each record. Channel state information data is also
inputted on bidirectional line 50 from the channel state table
68. This table is a 512x64 memory that temporarily stores
the state of all channels being processed during a particular
telemetry pass.

Subsystem 66 first reads the data from channel state table
68, and after all packet header records from a given frame
are processed, the channel state table 68 is updated by
passing information back from block 66 over bidirectional
line 50. FIG. 6 depicts the algorithm carried out by the
packet quality checking and lookup subsystem 66. For each
packet header, the first packet header record from the output
bank is identified and reconstructed with information from
the channel state table 58. This reconstruction results in
reconstituting the whole packet. Part of the reconstruction
process may or may not include reconstruction of a split
packet header. Reconstruction also includes adding packet
piece lengths together to verify the total length of the packet.
These processes are only done for the first packet header
record.

For all packet header records, the following processes are
implemented. The channel index and the packet identifiers
from the packet header are combined to form a packet
look-up address. The address is used to fetch a packet lookup
record from an external packet lookup table via the packet
lookup port, line 70. The packet lookup record contains
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packet routing, processing, next expected packet sequence
and length, and the source ID that is the unique number
assigned to each packet source, e.g., a specific spacecraft
instrument. After these operations are completed, packet
length and sequence are verified and the next expected
sequence is calculated and stored back into the external
packet lookup table via line 70. Using the verified packet
length and the packet address from the packet header record,
packet output commands related to a single given packet are
generated and outputted to the packet output command
FIFO, block 74, via line 72. These are commands employed
to instruct the packe: service output subsystem 78 how to
locate and output a given packet. After all packet header
records are processed, the channel state data is written back
into the channel state table 68 on line 50.

Packet output command FIFO 74 is a memory which
temporarily stores packet output commands received from
subsystem 66 via line 72. It outputs those commands to the
packet service output subsystem 78 via line 76 when com-
mands are requested from subsystem 78. This memory is
512x64 in size. Using the commands received on line 76, the
packet service output subsystem 78 fetches packets from the
external packet buffer memory, inputted through line 60,
through MUX 58. These packets, in turn, are then placed on
line 62, and outputted through the packet service port. The
output on the packet service port, line 80, includes the
packets and any annotations related to that packet which
may be prepended or appended to the packet. The particular
packet at this service port at a given time is related to
commands received, these commands having included a
particular address.

The algorithm depicted in FIG. 7 provides the functions
for the packet service output subsystem 78. For each packet,
the packet output commands are read from the packet output
command FIFO 74 and inputted into and stored in temporary
registers. Next, if the annotation is to be prepended to the
packet, the annotation is now outputted on line 80 followed
by the packet data. Finally, if the annotation is to be
appended, it is outputted after the packet data on line 80.

The frame service port furnishes the inputted error cor-
rected frames and outputs these frames, with added
annotations, to various destinations for further processing.
At the same time, the packet service port furnishes packets
extracted from the inputted frames with annotations added
by the service processor. The packet service port also routes
the packet to other destinations for further processing.

What is claimed is:

1. A service processor for processing a serial data stream
comprising:

(a) an input subsystem for receiving synchronized frames

of the serial data stream;

(b) a pipeline first-in-first-out (FIFO) memory having an
input pipe and an output pipe, wherein the pipeline
memory receives data over the input pipe from the
input subsystem, said output pipe being electrically
coupled to both a static and frame service output
subsystem and a packet header extraction subsystem;

(c) an autocapture subsystem being electrically connected
to the input pipe of the pipeline memory so that data on
the input pipe is available to both the pipeline and
autocapture subsystem at the same time;

(d) the packet header extraction subsystem outputting data
to a packet buffer multiplexer (MUX);

(e) the static and frame service output subsystem, which
determines whether a frame annotation is to be
prepended or appended to output frames, further com-
prising a frame service port for transferring data; and
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(f) a packet service output subsystem for receiving data
from the packet buffer multiplexer, said packet service
output subsystem having a packet service port for
outputting data.

2. The service processor of claim 1 wherein the input
subsystem further comprises a timeout mechanism.

3. The service processor of claim 2 wherein the input
subsystem is capable of receiving data in byte or word
format and further comprises a byte stacker for putting bytes
into word format.

4. The service processor of claim 3 wherein the input
subsystem further comprises a frame length counter.

5. The service processor of claim 4 further comprises a
frame quality checking and lookup subsystem capable of
processing different CCSDS frame versions, said frame

12
quality checking and lIookup subsystem having an input for
receiving data from the autocapture subsystem, an output for
sending data to the pipeline FIFO, and a frame lookup port
for transferring data.

6. The service processor of claim 5 further comprises a
packet quality checking and lookup subsystem, a channel
state table memory and a header memory wherein the packet
quality checking and lookup subsystem reads data from the
header memory, said header memory inputting data from the
packet header extraction subsystem, and said channel state
table memory being read and being written to by said packet
quality checking and lookup subsystem.
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