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Introduction

The Sorcerer Program processes CCSDS Packet Telemetry spacecraft data received by an Earth Observing System (EOS) ground station and stored in computer files. Sorcerer reads the EOS Level-0 input data files, examines the CCSDS Packet Headers and writes each packet to a corresponding Level-1 compatible destination file. 

The CCSDS Packet Telemetry Format partitions downlinked spacecraft data into packets. Each packet includes a header describing its source and its destination. To retrieve the information in each packet, these packets must first be grouped by destination and then placed in sequential order after removing duplicates. Further, ground stations may generate annotation blocks prefixing each packet. These blocks must be discarded. 

Sorcerer must accommodate the multiple header and time formats described in the CCSDS Recommendation. This is accomplished by describing the format in a configuration file using a flexible syntax.  The configuration file also specifies the input file names, the action to take when bad packets are encountered, and other options.
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The program reads CCSDS Packet Telemetry Data as described in the configuration file and, for each packet source, generates a Production Data Set (PDS) or Expedited Data Set (EDS) File containing the processed packets, and a Construction Record File containing auxiliary statistical data. Each input telemetry source packet may contain an optional Packet Secondary Header and may be preceded by an optional annotation block. The Packet Secondary header contains packet time information. The annotation block contains statistical data generated by the receiving system and is not part of the CCSDS Packet. The processing to be performed by the Sorcerer Program is specified in an ASCII text configuration file. 

CCSDS Telemetry Packets and Secondary Packet Headers are described in the “Consultative Committee for Space Data Systems (CCSDS) Packet Telemetry, CCSDS 102.0-B-4 Blue Book”, (http://www.ccsds.org).  

Production Data Sets, Expedited Data Sets, the EDOS secondary header, Construction Record formats, and EDOS Service Header annotation blocks are described in the “Earth Observing System (EOS) Data and Operations System (EDOS) Interface Control Document” (ICD).
The configuration file format is described in the Appendix of this document. 
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The program extracts the packets from the input files by Application ID. An Application ID (appid) is a tag placed on the packet by the spacecraft instrument data source.

Input Packet File Format
A packet file contains a serial stream of CCSDS packets. An optional annotation block provided by ground station hardware may precede each packet.  

If present, annotation blocks may be in one of two formats: the “Standard Format” and the “EDOS Service Header (ESH) Format.  The Standard Format is now obsolete but is retained for compatibility.  

Each CCSDS Packet contains a Packet Primary Header, an optional Packet Secondary Header, and Source Data. 

The annotation block is described in the ICD, and the CCSDS packet format is described in the CCSDS 102.0-B-4 Blue Book. 


The optional Packet Secondary Header is described in the “Consultative Committee for Space Data Systems (CCSDS) Time Code Formats, CCSDS 301.0-B-2 Blue Book”.  The program accommodates CCSDS Unsegmented Time Code (CUC), CCSDS Day Segmented Time Code (CDS), CCSDS Day Segmented Time Code with microsecond-of-millisecond field, and the EDOS format field. The CCSDS Preamble Field (P-Field) is permitted, but the contained information is not used. The EDOS format is described in the ICD, Section 5.3.1 and contains an eight-byte time field, a Quicklook Flag, and 7 User Flags.

The source data formats are determined by the spacecraft instrumentation.

Configuration File 
The Configuration file is an ASCII text file describing input file names, CCSDS format details and processing options to the Sorcerer Program.  A more detailed description of the Configuration file and an example are included in the Appendix.  

Output Data Files

The Sorcerer Program generates Production Data Sets containing processed CCSDS Packets, Expedited Data Sets containing packets for quality assurance, and Construction Records containing statistical information.  The file naming conventions are included in the Appendix. 

Production Data Set and Expedited Data Set Files.

Production Data Sets (PDS) and Expedited Data Set (EDS) files contain CCSDS format packets. Annotation blocks are removed.  The packets may be optionally sorted and duplicate or bad packets may be deleted as specified in the Configuration File.  Expedited Data Sets are summary Production Data Sets intended for quality assurance and must originate from a single Application Id. Expedited Data Sets may be selected by the quicklook flag set by the instrument in the CCSDS Secondary Header.

Construction Record Files

Construction Record Files contain statistical information derived from processing the data and from the annotation block.  A brief description of the format is provided in the Appendix.  A detailed explanation may be found in the ICD. 

Program Execution Environment

Sorcerer executes on an IBM-compatible personal computer running the Microsoft Windows NT 4.0 Operating System.  The program, sorcerer2.exe is invoked from the command prompt.  The configuration file and path name may be optionally specified in the command line as:


sorcerer2 pathname/configuration_file_name

 If the configuration file is not specified in the command line, it is assumed to have the name “config.ini” and to reside in the same directory as the executable program.   The packet file names are specified in the configuration file.  The configuration file format is described in more detail in the appendix of  this document.

The output production data sets and construction records are named according to the ICD conventions and are stored in the same directory as the executable program. The appendix describes the file naming conventions. 

Program Development Environment

The program is written in Microsoft Visual C++ 5.0 and developed using Microsoft Developer Studio 97. The workspace structure is shown here.


The Edos folder contains classes for generating the Construction Records and the Production Data Sets and includes classes for maintaining statistical information. The Lib folder contains dynamic array, string, and exception utility classes. The Script folder contains classes for parsing and accessing the configuration information in the config.ini file. The main folder contains classes for sorting and processing packets.   

Appendix 1 - Configuration File

General

The configuration file is an ASCII text file describing the processing to be performed by the Sorcerer Program. The file name and location may optionally be included in the command line as:


sorcerer2  pathname/filename

If the file is not included on the command line, it is assumed to be named “config.ini” and to reside in the same directory as the Sorcerer Program.  The file contains:

· pkt statements describing the input CCSDS packet data stream and the processing to be performed by the Sorcerer Program, 

· pds statements describing the output Production Data Sets,

· comments delimited by a “#” as the first character, 

· blank lines for clarity, and 

· the *end statement. 

Statements may be continued by entering a dash (-) as the last non-whitespace character on a line. An example of a configuration file follows:

# Example Configuration File

pkt sort (1) discardDup(1) deleteBadPackets(0) annotation(E) hdr2type(E)

pds major(1) minor(1) test(1) spid(42) KBperFile (0) dscount(0)

pds.SCSstart day(250) seconds(0) milliseconds(0) microseconds(0)

pds.SCSstop  day(250) seconds(1800) milliseconds(0) microseconds(0)

pkt.p1 type(PDS)

pkt.p1.appid id(64) length(642) vcid(42)

pkt.p1.file name(D:\charlie\charlie.esh)

*end

Configuration File Syntax

# Primary Packet Statements

pkt annotation(c:S) sort(1or0:1) verbose(1or0:0) discardDup(1or0:1) -

    deleteBadPackets(1or0:1) hdr2type(c:N) -

    dayBitLength(16or24:16) fineWidth(n:3) coarseWidth(n:3) hasPfield(1or0:0)

# Primary Production dataset Statements

pds major(n:0) minor(n:0) test(1or0:0) spid(n:42) quicklook(1or0:0) -

    dscount(n:0) KBperFile(n:0)

pds.SCSstart day(n:0) seconds(n:0) milliseconds(n:0) microseconds(n:0)

pds.SCSstop  day(n:0) seconds(n:0) milliseconds(n:0) microseconds(n:0)

# Packet  Source Definition Statements.

# Define a set of packet statements for each source.

pkt.<name> compare(c:a) file(name) sort(1or0:x) verbose(1or0:x) -

           discardDup(1or0:x) deleteBadPackets(1or0:x) -


   length(n) minLength(n) maxLength(n) length1(n) length2(n) -


   length3(n) discardBadLenPkt(1or0:1) -

           type(s:PDS) major(n:x) minor(n:x) test(1or0:x) spid(n:x) -


   quicklook(1or0:x) dscount(n:x) KBperFile(n:x) create(yydddhhmmss:x)

# Packet Appid Statements 

#One appid statement must be specified for each appid in the source.

pkt.<name>.appid id(n) step(n:1) vcid(n:0) vcid2(n)

# Packet File Name Statements

# The file(name) argument plus the file statements specify the input packet

# files. They are processed in the order they appear. There must be at least

# one input file per source.

pkt.<name>.file name(inputFileName)

Primary Packet Statements

pkt


annotation (c:S)

S
=
standard (this format is obsolete; it is retained for compatibility

N
=
none

E  =  ESH Hardware annotation of packets.

sort (1or0:1)

Sort packets using method specified in compare.

Verbose(1or0:0)

Print intermediate information during processing

discardDup (1or0:1)

Discard duplicate packets using method in compare.

deleteBadPackets (1or0:1)

Delete bad packets as defined by the annotation blocks.

hdr2type (c:N)

N
=
none

U
=
unsegmented

D
=
daysegmented

X
=
daySegmented + microseconds

E
=
EDOS

Time tag field. Options N through X specify a CCSDS secondary header. Option E specifies an EDOS header. See CCSDS Document “Time Code Formats, CCSDS 301.0-B-2”.

dayBitLength (16or24:16)

Length of CCSDS day-of-year register in bits.

coarseWidth (N:3) 

Number of bytes in a CCSDS register specifying seconds.

fineWidth (N:3)

Number of bytes in a CCSDS register specifying fractions of a second.

hasPfield(1or0:0) 

specifies the presence of  a CCSDS preamble describing the clock register format. 

Packet Source Definition Statements

These statements define packets for each source.“:x” is the value defined in the primary pkt statements

pkt.<name>

compare(c:a)

a
=
appid, time, sequence

b
=
time, appid, sequence

Packet comparison method. Appid is the Application Id.  Time is the packet time in hdr2type. Sequence is the order of packet arrival. 

file (name)

Optional input file name. If not given here, the file name must be specified in a Packet File Name Statement.

sort(1or0:x) 

Sort using method specified in compare.

verbose(1or0:x)

Print intermediate information during processing

discardDup (1or0:x)

Discard duplicate packets 

deleteBadPackets (1or0:x)

Delete bad packets as defined by the annotation blocks.

minLength(n)

maxLength(n)

Specify a range of valid packet length. All other length arguments are ignored. 

length(n) 

length1(n)

length2(n)

length3(n)

Specify  one to four discrete valid packet lengths. All arguments are optional.  If no length arguments are specified (including minLength and maxlength, all packet lengths are valid. 

discardBadLenPkt(1or0:1)

Discard packets with invalid lengths as defined by the length arguments. 

type(s:PDS)

PDS
= Production Data Set

EDS
= Expedited Data Set

Expedited Data Sets may be based on Application ID or on the Secondary Packet Header Quicklook Flag.  (see quicklook option).

major(n:x)

EDOS Software Version Number – major release (0-255).  This appears in construction record, item 1.

minor(n:x)

EDOS Software Version Number – minor version of major release. This appears in construction record, item 1. 

test(1or0:x)

Flag set to 0 = operational data,  1 = test data.  This appears in construction record, item 6.

spid(n:x)

Spacecraft ID

quicklook(1or0:x)

This option only affects Expedited Data Sets (see type option).  If this option is set to 1, the Expedited Data Set is based on Application ID and packets are not sorted by the program.  If  this option is set to 0, the Expedited Data Set will be based on the quicklook flag in the Secondary Packet Header and packets with a quicklook flag set to 0 will be discarded. 

create(yydddhhmmss:x)

File creation date. The default is the current date. 

Packet Appid Statements.

pkt.<name>.appid id(n) step(n:1) vcid(n:0) vcid2(n)

appid 
- CCSDS Application ID

step

- Sequence counter step size. Value may be negative but not zero. 

vcid

- Virtual Channel Id. 

vcid2
- Second Virtual Channel Id. Omit if there is only one Virtual Channel ID.

One appid statement must be provided for each application Id in the source. 

Packet  File Name Statements

pkt.<name>.file name (inputFileName)

Optional Input file name. More than one statement may be used to specify multiple files.  Files are read in the order presented after the file optionally specified in the Packet Source Definition Statement. If this statement is not present, the input file must be given in the Packet Source Definition Statement.

Primary Production Dataset Statements

pds

major(n:x) major(n:x)

EDOS Software Version Number – major release (0-255).  This appears in construction record.  

minor(n:x)

EDOS Software Version Number – minor version of major release. This appears in construction record.

test(1or0:x)

Flag set to 0 = operational data,  1 = test data.  This appears in construction record

spid(n:x)

Spacecraft ID

KbperFile(0)

Maximum allowed file length.  Zero indicates only one file will be created. 

dscount(0)

Dataset Creation Count – ranges 0-9, establishes order of  file creation

pds.SCSstart  day(n:0)  seconds(n:0)  milliseconds(n:0)  microseconds(n:0)

pds.SCSstop   day(n:0)  seconds(n:0)  milliseconds(n:0)  microseconds(n:0)

Spacecraft Contact Session (SCS) start and stop

End Statement

*end

  End of configuration file; remaining text is ignored. 

Appendix 2 -Output File Naming Convention

A summary of the output file naming convention follows.  A more complete description may be found in the ICD, Table 8.1.2.10-1.

Item 
Name



Size (bytes)

1
File Id. Character

1

“E” = EDS, “P” = PDS

2
First APPID in Dataset

7

Spacecraft ID 3 Bytes,  APPID 4 bytes.

3
2nd    APPID in Dataset

7

Spacecraft ID 3 Bytes,  APPID 4 bytes.

4
3rd    APPID in Dataset

7

Spacecraft ID 3 Bytes,  APPID 4 bytes.








(fill with AAAAAAA if no APPID)

5
Time of  PDS creation

11

GMT time

6
Numeric Identification

1

generated by dataset counter

7
Unique File Number

2

generated by file counter

8
File Name Extension

4

“.PDS” or “.EDS”

File names are 40 bytes in length. Name examples are:

P04202890420291AAAAAAA95030231459001.PDS and

E0420193AAAAAAAAAAAAAA95133235959100.EDS
Appendix 3 Construction Record Format

A brief description of the Construction Record Format follows. A more detailed description may be found in the ICD Table 8.1.2.7-1, PDS/EDS Construction Record. Item numbers refer to the ICD.

Bytes

Type

 Item  Description

2

Uint

  1    EDOS Software Version Number first  byte,





       EDOS Software Version Number second byte

1

Uint

  2    Construction Record type. See ICD 8.1.2.7:







       1=PDS, 2=EDS based on APPID, 3=EDS 

1

Uint

  3    spare

36

char   
  4    Id, not null-terminated. See ICD 8.1.2.8

1

bool
        5-6  flag, 0=operational data, 1=test

1

Uint
 
  7-1  spare

8

Uint  
  7-2  spare

2

Uint

  8    number of scheduled SCS start/stop
times.





1

Uint

  8-1  spare

7

byte

  8-2  SCS start time PB-5 code

1

Uint

  8-3  spare

7

byte  
  8-4  SCS stop  time PB-5 code


8

Uint 
    
  9    byte count of EDOS generated fill data, 8-bytes.

4

Uint
       10    packet header vs. true length error count. 

8

int  

 11  
 first pkt Spacecraft time format,

8

int  

 12  
 last  pkt

1

Uint

 13
 spare

7

byte
  
 14    First packet GMT time, PBS-5 format, see ICD table 8.1.2.4-1.

1

Uint

 15    spare

7

byte
  
 16    Last  packet GMT time, PBS-5 format.

4

Uint
  
 17    Packets corrected Reed-Solomon decoding 

4

Uint

 18    Number of packets in dataset.

  

4

Uint

 19    Number of bytes in dataset

4

Uint
  
 20    No. packets with Source Sequence Counter (SSC)discontinuities.

1 

Uint

 21    spare

7

byte
  
 22    GMT time PBS-5 format (ICD table 8.1.2.4-1)Data set completed.

7 

Uint

 23    spare3

1

Uint

 24    number of APPIDs in PDS. (1-3)

For each APPID, repeat items 24-1 to 24-19:

4

Uint
 
 24-1   spare 

3

Uint
 
 24-2   SCID and APPID, see ICD Table 8.1.4.1.1-1.

8

Uint
 
 24-3   index (byte offset) to first packet in PDS.

3

Uint

 24-4   spare

1

Uint

 24-5   number of VCIDs in PDS. 

Repeat next two items for next VCID. See ICD Tables 8.1.2.5-1 and 8.1.4.1.1-2.:

2
 
Uint

 24-5.1 spare 

2

Uint

 24-5.2 SCID and VCID. 

4

Uint

 24-6   pkts. with Source Seq. Ctr discontinuities

Repeat items 24-6.1 through 24-6.9 for each missing packet Source Sequence Counter Gap:

4

Uint

 24-6.1 first Missing Packet Source Seq. Ctr.

8

Uint

 24-6.2 index into data to missing packet

4

Uint

 24-6.3 no.  of packet Source Seq. Cnts missed in gap

8

int

 24-6.4 time code from secondary hdr. just before gap.

8

int

 24-6.5 time code from secondary hdr. just after  gap.

1

Uint

 24-6.6 spare

7

byte

 24-6.7 ESH date & time just before gap.

1

Uint

 24-6.8 spare

7

byte 

 24-6.9 ESH date & time just after  gap.

4

Uint

 24-7   Number of packets containing fill data.

Repeat for each fill packet identification, repeat items 24-7.1 through 24-7.3:

4

Uint

 24-7.1 Source Sequence Cnt. of packet containing fill

8

Uint 

 24-7.2 index into dataset to fill packet

4

Uint 

 24-7.3 index to first fill byte

8

Uint

 24-8   number of bytes of fill data

4

Uint

 24-9   no. of packets with header length and actual length mismatches.

Repeat item 24-9.1 for each packet with length mismatch:

4

Uint 

 24-9.1 Source Sequence Cnt. of packet with mismatch

8
formatted int
 24-10 Spacecraft format time code from first pkt.

8
formatted int
 24-11 Spacecraft format time code from last  pkt.

1

Uint

 24-12 spare

7

byte

 24-13 PB-5 time code of first packet in data set.

1

Uint

 24-14 spare

7

byte

 24-15 PB-5 time code of last  packet in data set.

4

Uint

 24-16 packets from RS-corrected VCDUs

4

Uint

 24-17 count of pkts in dataset for this APPID

8

Uint

 24-18 size for this APPID

8

Uint

 24-19 spare

3

Uint

 25    spare

1

Uint

 25-1  no. of files for pds.

Repeat items 25-2 through 25-4.5 for each file

40

char

 25-2  PDS 36-byte filename + ".PDS" or ".EDS"

3

Uint

 25-3 spares

Repeat items 25-4.1 through 25-4.5 for each APPID:

1

Uint

 25-4.1  spare 

3 

Uint 

 25-4.2  SCID and APPID

8  formatted int

25-4.3 first pkt. time CCSDS binary time code

8  formatted int

25-4.4 last  pkt. time CCSDS binary time code 

4 

Uint

25-4.5 spare




 Appendix 4 EDOS Service Header (ESH) Annotation Format

This is the annotation block currently used.  The “Standard Annotation”, also described in this Appendix is obsolete but retained for compatibility. 

 Note: item 11 below is not used; length checks are made against script values.

       This format is selected by script option: "annotation(E)"

--- ESH ANNOTATION FORMAT (20 BYTES)


(see ICD 5.1.3)

 Byte  0

 item  1  4  bits  uint
ESH Version Number.


0 to 15

 item  2  4  bits  uint
SDU Type.




0 =  VCDU


 








1 =  CCSDS Pkt











2 =  CLCW

 Byte  1-7

 item  3  7  bytes PB-5
GMT in NASA PB-5 format.

 Byte  8

 item  4  1  byte  uint
EDOS Physical Port ID.


0 to 63

 Byte  9

 item  5  1  bit   bool
Source VCDU Sequence Counter.








Discontinuity.
1 = true

 item  6  1  bit   bool
VCDU contains Playback data.

1 = true

 item  7  1  bit   bool
Recovery Processing indicator

1 = true

 item  8  1  bit   bool     Test data indicator.

1 = true

 item  9  1  bit   bool     Cyclic Redundancy Check Fail.  

 item 10  1  bit   bool
Path SDU Source Sequence.

1 = true








Counter Discontinuity.

 item 11  1  bit   bool   Packet Length Error.


1 = true

 item 12  1  bit   bool
Packet Fill Indicator.


1 = contains fill

 Byte 10 - 11

 item 13  2  bits  uint
spares.

 item 14 14  bits  uint
Spacecraft ID. 

 Byte 12 - 13

 item 15  2  bytes uint   Location of first byte of EDOS








fill data. 

 Byte 14 - 17

 item 16  4  bytes uint   spare

 Byte 18 - 19

 item 17  1  bit   bool   Reed-Solomon Error Control

0 = passed RS decode 











1 = failed RS decode

 item 18  5  bits  uint 
Source VCDU Header Error
0 = error free

 item 19 10  bits  uint
Source VCDU error Decode

0 = error free

 ---NASA PB-5 Code Format frame time (see ICD page 5-7)

  1  bit      1

  14 bits     truncated Julian day (0-9999) epoch: 8-10-95.

  17 bits     seconds of day (0-86,399)

  10 bits     milliseconds of second (0-999)

10 bits     micro of millisecond (0-999)

   4 bits     zero.

 Appendix 5 Standard Packet Annotation Format

 Note: This was original format and is retained for compatibility. The current

       format is in eshPkAnno.h.  This format is select by script: "annotation(S)"

 STANDARD ANNOTATION FORMAT (14 BYTES)

 Byte  0:

 byte    routing byte (not used)

 Byte  1:

 bit     1=long

 bit     1=short

 bit     1=unrouteable

 bit     1=uncorrectable

 bit     1=uncorrectable block

 bit     1=uncorrectable header

 bit     1=found RS error in block

 bit     1=found RS error in header

 Byte  2:

 bit     1=packet length error (header vs. expected)

 bit     1=packet sequence error

 bit     1=no packet service selected

 5 bits  error codes (don't care)

 Byte  3:

 bit     msb of expected length

 bit     msb of received length

 bit     packet service 1

 bit     packet service 2

 bit     packet service 3

 bit     1=active source

 bit     reject service

 bit     packet has fill data

 Byte  4-5:

 uint16  fill start location, byte offset into packet

 Byte  6-7:

 uint16  Julian day

 Byte 8-11:

 uint32  millisecond of day

 Byte 12-13:

 uint16  microsecond of millisecond

 ---time format details:

 16 bits     Julian day

  5 bits     spare (should be zero)

 26 bits     millisecond of day

  6 bits     spare (should be zero)

10 bits     micro of millisecond
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