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A description of how to use the LAT flight software MOC file tools found within the SIIS package. Command line parameters, user interface functions, constants, and unit tests are discussed.
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0 Introduction

The MOC file tools within the SIIS package consist of utilities to create and examine MOC level-0 data files, as well as an interface library that can be used to create additional tools. The MOC level-0 data files contain CCSDS packets extracted from telemetry frames and sorted by Application Process ID (APID).

0.0 MOC Level-0 Data Files

The GLAST Mission Operations Center (MOC) will produce several level-0 (L0) data files from the telemetry found within a virtual channel frame file. Each L0 file contains ITOS annotation headers and CCSDS packets for a single APID. The naming convention for these L0 files is as follows:

PKT_YYYYDOYhhmm_nnnnn_VCNN_ppppp.0.gz

where:

· ‘PKT’ is a fixed value

· ‘YYYDOYhhmm’ is the time tag (GMT) of the first telemetry transfer frame from which the L0 file was generated, where:

· ‘YYYY’ is the calendar year

· ‘DOY’ is the day of the year

· ‘hh’ is the hour

· ‘mm’ is the minute

· ‘nnnnn’ is the pass number, in decimal, in which the transfer frame was received

· ‘VC’ is a fixed value

· ‘NN’ is the virtual channel ID, in decimal

· ‘ppppp’ is the APID, in decimal, of the packets contained within the file

· ‘0’ is a fixed value

· ‘.gz’ is a fixed value indicating that the file is compressed with gzip

The data within an L0 file is organized as Packet Data Units (PDUs). Each PDU consists of a 12-byte annotation header followed immediately by a CCSDS packet. Table 1 describes the format of the annotation header.

Table 1 – Packet Annotation Header Format

	Field
	Word
(16-bit)
	Bit Location
	Description/Values

	Frame version
	1
	Bits 0-1
	Copied from transfer frame header

	Frame spacecraft identifier (SCID)
	1
	Bits 2-11
	Copied from transfer frame header

	Frame VCID
	1
	Bits 12-14
	Copied from transfer frame header

	Reserved
	1
	Bit 15
	

	Reed-Solomon enabled
	2
	Bit 0
	0 =
RS error detect and correct disabled

1 =
RS error detect and correct enabled

	Reed-Solomon error
	2
	Bit 1
	0 =
no uncorrectable RS error detected

1 =
uncorrectable RS error detected

	Reed-Solomon corrected
	2
	Bit 2
	0 =
no RS error detected

1 =
RS corrected one or more error

	Reserved
	2
	Bit  3
	

	Time format
	2
	Bits 4-7
	Defines time code format.

	Packet header error
	2
	Bit 8
	0 =
packet from frame without CRC error

1 =
packet from frame with CRC error

	Data direction
	2
	Bit 9
	0 =
data received in forward order

1 =
data received in reverse order

	Packet sequence error
	2
	Bit 10
	0 =
no discontinuity found in packet sequence count

1 =
this packet’s sequence count not successor of previous packet with same APID on same VC

	Frame CRC error
	2
	Bit 11
	0 =
no CRC error detected

1 =
CRC error detected in one or more frames from which this packet is extracted

	Frame error checking enabled
	2
	Bit 12
	0 =
frame error checking not enabled

1 =
frame error checking enabled

	Incomplete packet
	2
	Bit 13
	0 =
packet is complete

1 =
packet is incomplete and filled to specified length (see “location of fill”)

	VC sequence error
	2
	Bit 14
	0 =
no discontinuity found in frame VC sequence count

1 = 
transfer frame’s VC sequence count is not successor of previous frame on same VC

	Frame header error
	2
	Bit 15
	0 =
no error

1 =
SCID or transfer frame version was not the expected value

	Location of fill
	3
	Bits 0-15
	0 to 65,535 (unsigned value); identifies first byte of fill data in byte offset from end of packet primary header

	Ground receiving time
	4-6
	Bits 0-15
	Local processing time in format defined in “time format”, word 2, bits 4-7 above


0.1 MOC Level-0 Data File Support

The SIIS package includes two utilities and one interface library that create and examine MOC level-0 data files, as described in Table 2.

Table 2 – SIIS Package MOC File Tools

	Name
	Functionality

	siis2moc
	Utility that extracts CCSDS packets from a SIIS archive file and writes the packet data to one or more MOC level-0 data files.

	siis_moc_dump
	Utility that dumps the contents of an MOC level-0 data file.

	SIIS_moc
	Interface library that extracts information from an MOC level-0 data file.


1 Siis2moc

The siis2moc utility extracts CCSDS packet data from a SIIS archive file, creates a Packet Data Unit (PDU) from each one, and writes the PDUs to one or more uncompressed MOC level-0 (L0) data files. The format of the PDUs within the L0 files produced by siis2moc is described in section 0.0.

	siis2moc [-h] [-i <apid>] [-x <apid>] [file-name]


The command line to invoke siis2moc is shown above. The available options include:

· -h
Display a message that describes the available options.

· -i <apid>
Include CCSDS packets with the specified APID. This option can be used more than once to include multiple APIDs. If this option is used one or more times, siis2moc excludes CCSDS packets with APIDs that are not specified as part of a ‘-i’ option.

· -x <apid>
Exclude CCSDS packets with the specified APID. This option is not needed if the ‘-i’ option is used at least once, since the use of ‘-i’ implies that non-specified APIDs are to be excluded.

· file-name
The name of the SIIS archive file to read. If ‘file-name’ is not provided on the command line, siis2moc reads from stdin.

The L0 files produced by siis2moc are created in the current working directory, using the naming convention described in section 0.0. To generate the file names, siis2moc assumes the pass number is ‘00000’. Since the siis2moc does not compress the L0 files, it omits the ‘.gz’ extension from the file name.

The siis2moc utility uses the unix time format for the ‘ground receive time’ values that it stores in the PDU annotation headers. In this format, the first 4 bytes of the ‘ground receive time’ are a 32-bit value that represents the number of seconds since 00:00:00 UTC 1 Jan 1970, which is the start of the sun-gcc time epoch. The last 2 bytes of the ‘ground receive time’ value are set to 0 (zero).

The siis2moc utility always sets the following values to 0 (zero) within each PDU annotation header that it writes:

· frame error checking enabled

· frame CRC error

· Reed-Solomon enabled

· Reed-Solomon error

· Reed-Solomon corrected

· Packet header error

· Packet sequence error

· Data direction

· Time format

2 SIIS MOC Interface

The SIIS_moc constituent of the SIIS package provides functions that interpret and create Packet Data Units (PDUs) within MOC level-0 data files. One of these functions describes the length of the PDU annotation header. This is:

· SIIS_mocHdrSizeof ()
Returns the length, in bytes, of a PDU Annotation Header.

The library user can calculate the total length of a PDU by adding the value returned from this function to the length of the CCSDS packet that immediately follows the annotation header. The functions within the CCSDS_pri and CCSDS_pkt constituents can be used to interpret the contents of CCSDS packets and extract information from them, such as the lengths of the packets.

The remaining functions each take three parameters:

1. A pointer to a header buffer that contains an annotation header for a PDU

2. The length of the header buffer, in bytes

3. A pointer to an information structure in which information about the header can be passed between the caller and the library function

Note that the SIIS_moc functions do not read or write MOC level-0 data files directly, nor do they allocate memory. Instead, they expect the caller to do these tasks and provide a pointer to the memory buffer that contains the header data.

There are no alignment or byte-ordering restrictions on the buffers passed to the SIIS_moc functions. Each function accesses the buffers one byte at a time and interprets them in the byte-order defined by the L0 file structure definition.

2.0 SIIS_mocGetHdr()

This function interprets a data buffer as a PDU annotation header, extracts information from it, and stores the extracted information in a SIIS_Pdu_Hdr structure supplied by the caller. It returns to the caller a SIIS MSG value. SIIS_mocGetHdr() operates only on the annotation header portion of a PDU, so the CCSDS packet data portion of the PDU need not be present in the data buffer.

	unsigned int
SIIS_mocGetHdr (
const unsigned char
*
hdr_buf,

const unsigned int

hdr_buf_bytes,

SIIS_Pdu_Hdr
*
hdr_info
);


The following parameters are required by this function:

· hdr_buf 
Pointer to the data buffer containing the annotation header.

· hdr_buf_bytes
Length of the buffer to which hdr_buf points, in bytes.

· hdr_info
Pointer to the SIIS_Pdu_Hdr structure into which SIIS_mocGetHdr() should store the extracted annotation header information.

	typedef struct
_SIIS_Pdu_Hdr
{
unsigned int

frame_version;


unsigned int

frame_spacecraft;


unsigned int

frame_channel;


unsigned int

frame_err_enabled;


unsigned int

frame_crc_error;


unsigned int

frame_hdr_error;


unsigned int

frame_seq_error;


unsigned int

rs_err_enabled;


unsigned int

rs_error;


unsigned int

rs_corrected;


unsigned int

pkt_hdr_error;


unsigned int

pkt_seq_error;


unsigned int

pkt_incomplete;


unsigned int

fill_offset;


unsigned int

direction;


unsigned int

time_format;


unsigned int

rcv_time_hi;


unsigned int

rcv_time_lo;


}
SIIS_Pdu_Hdr;


The SIIS_Pdu_Hdr structure contains the information found within the annotation header fields described in Table 1, as follows:

· frame_version
The ‘frame version’ value

· frame_spacecraft
The ‘frame spacecraft identifier (SCID)’ value

· frame_channel
The ‘frame VCID’ value

· frame_err_enabled
The ‘frame error checking enabled’ value

· frame_crc_error
The ‘frame CRC error’ value

· frame_hdr_error
The ‘frame header error’ value

· frame_seq_error
The ‘VC sequence error’ value

· rs_err_enabled
The ‘Reed-Solomon enabled’ value

· rs_error
The ‘Reed-Solomon error’ value

· rs_corrected
The ‘Reed-Solomon corrected’ value

· pkt_hdr_error
The ‘packet header error’ value

· pkt_seq_error
The ‘packet sequence error’ value

· pkt_incomplete
The ‘incomplete packet’ value

· fill_offset
The ‘location of fill’ value

· direction
The ‘data direction’ value

· time_format
The ‘time format’ value

· rcv_time_hi
The most-significant 4 bytes of the ‘ground receiving time’ value

· rcv_time_lo
The least-significant 2 bytes of the ‘ground receiving time’ value

2.1 SIIS_mocPutHdr()

This function creates a PDU annotation header from the contents of a SIIS_Pdu_Hdr structure supplied by the caller. It returns to the caller a SIIS MSG value. SIIS_mocPutHdr() creates only the annotation header portion of a PDU, so the buffer supplied by the caller does not need to be large enough to include the CCSDS packet data portion of the PDU.

	unsigned int
SIIS_mocPutHdr (
unsigned char
*
hdr_buf,

const unsigned int

hdr_buf_bytes,

const SIIS_Pdu_Hdr
*
hdr_info
);


The following parameters are required by this function:

· hdr_buf 
Pointer to the data buffer in which the annotation header should be built.

· hdr_buf_bytes
Length of the buffer to which hdr_buf points, in bytes.

· hdr_info
Pointer to the SIIS_Pdu_Hdr structure containing the information to be stored in the annotation header.

3 Siis_moc_dump

The siis_moc_dump utility uses the features of the SIIS_moc constituent to dump the contents of an MOC level-0 data file. This utility can format the dumped data in two ways: simple columns and XML. This utility is really intended as an example of the use of the SIIS_moc library, so its capabilities are fairly limited.

	siis_moc_dump [-h] [-c] [-x] [file-name]


The command line to invoke siis_moc_dump is shown above. The available options include:

· -h
Display a message that describes the available options.

· -c
Dump the data in column format.

· -x
Dump the data in XML format.

· file-name
The name of the MOC level-0 data file to read. If ‘file-name’ is not provided on the command line, siis_moc_dump reads from stdin.

All output from siis_moc_dump is sent to stdout.

4 Error Reporting

The SIIS_moc constituent functions support the MSG status reporting system. The following message codes are defined.

Table 3 – SIIS_moc Interface Library MSG Codes

	MSG Code
	Description
	Parameter

	SIIS_SUCCESS
	Function succeeded.
	None.

	SIIS_EPARM
	A function call parameter is invalid. This can occur if a pointer parameter is NULL or a buffer length parameter is too short to include the minimum length of an annotation header.
	The name of the invalid parameter.

	SIIS_UNKNOWN
	An unexpected error occurred – probably due to a software bug.
	None.


5 Library Examples

The example below shows the use of the SIIS_moc library to read an MOC level-0 data file and display the timestamps from each PDU within it. Some error checking and array bounds checking are omitted to avoid cluttering the example.

#include <stdio.h>

#include <time.h>

#include "CCSDS/CCSDS_pkt.h"

#include "CCSDS/CCSDS_pri.h"

#include "MSG/MSG_pubdefs.h"

#include "SIIS/SIIS_moc.h"

int

main ()

{

  unsigned int  status = SIIS_SUCCESS;

  FILE         *moc_file;

  /* open the L0 file */
  moc_file = fopen ("MOC_Example.dat", "rb");

  /* read and interpret each PDU in the file */
  if (moc_file == NULL)

    printf ("Unable to open MOC L0 file\n");

  else while (!feof (moc_file) && _msg_success (status))

    {

    unsigned char  hdr_buf [128];

    size_t         hdr_bytes;

    SIIS_Pdu_Hdr   hdr_info;

    /* read the annotation header into hdr_buf and interpret it */
    hdr_bytes = fread (hdr_buf, 1, SIIS_mocHdrSizeof(), moc_file);

    status    = SIIS_mocGetHdr (hdr_buf, hdr_bytes, &hdr_info);

    /* display the time stamp from the annotation header */
    if (_msg_success (status))

      {

      struct tm      *time_p = localtime ((time_t *)&hdr_info.rcv_time_hi);

      unsigned short  ccsds_length;

      printf ("%4d-%02d-%02d %02d:%02d:%02d\n",

              time_p->tm_year + 1900, time_p->tm_mon + 1, time_p->tm_mday,

              time_p->tm_hour,        time_p->tm_min,     time_p->tm_sec);

      /* skip over the CCSDS packet data to get to the next PDU */
      status = get_ccsds_length (moc_file, &ccsds_length);

      if (_msg_success (status))

        fseek (moc_file, ccsds_length, SEEK_CUR);

      }

    }

  return (_msg_success (status));

}

unsigned int

get_ccsds_length (FILE           *moc_file,

                  unsigned short *ccsds_length)

{


  unsigned short  hdr_buf [128];

  size_t          hdr_bytes;

  unsigned int    status = SIIS_SUCCESS;

  /* read the CCSDS primary header */
  hdr_bytes = fread (hdr_buf, 1, CCSDS_priHdrSizeof(), moc_file);

  /* validate the CCSDS header and extract the packet length */
  status = CCSDS_priHdrVerify (hdr_buf);

  if (_msg_success (status))

    status = CCSDS_priHdrGetLength (hdr_buf, ccsds_length);

  return (status);

}

6 Unit Testing

The SIIS package contains a test that exercises the SIIS_moc constituent of the package.

6.0 Unit Test Coverage

The SIIS_moc test performs two classes of test on the constituent functions: tests for fault handling and tests for basic functionality. The fault handling tests ensure that all of the library functions reject out of range parameters with the proper error codes. The basic functionality tests ensure that all of the library functions can properly interpret the PDUs found within a MOC level-0 data file.

6.1 Running the Unit Test

The SIIS_moc test may be run directly on UNIX hosts by typing siis_moc_test at the command shell. An LTX script is also provided, which defines a test called siis_moc_test. This test does not run on VXWorks targets.
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