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A description of how to use the LAT flight software SIIS archive file interface library. User interface functions, constants, and unit tests are discussed.
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0 Introduction

The SIIS Archive File Interface Library contains functions for extracting and interpreting records found within an AstroRT archive file. The AstroRT system collects telemetry data from the SIIS spacecraft simulator and stores the data as records in an archive file on a PC.

0.0 Archive Record Data Flow

Archive file records begin life as spacecraft telemetry in the form of CCSDS packets. Figure 1 shows the path followed by a telemetry packet as it makes the journey from the spacecraft to the archive file.

Figure 1 – Archive Record Data Flow

Each processing element within the path encapsulates the telemetry data by prepending a header and appending a trailer. By the time the data reaches the archive file, it has the format shown in Figure 2.

· Starting at the lowest level of the record, the SIIS concatenates one or more CCSDS Packets to form a VCDU Frame. In addition to the array of CCSDS Packets, the SIIS includes a VCDU Header and a VCDU Trailer in the VCDU Frame.

· AstroRT uses the VCDU Frame as a Raw Telemetry Record Body and prepends to it a Raw Telemetry Record Header. The result is a Raw Telemetry Record.

· AstroRT next uses the Raw Telemetry Record as an Archive Record Body and adds to it an Archive Record Header and an Archive Record Trailer. The result is the Archive File Record that is stored in the archive file.

Figure 2 – Archive File Record Format
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In addition to Raw Telemetry Records, an archive file may contain several other types of archive records. In particular, the first record within the file is usually a File Information Record, which contains the time at which the archive file was created and the name of the SIIS system that delivered the VCDU Frames. Unlike the Raw Telemetry Record described in Figure 2, though, the File Information Record is not split into a File Information Record Header and a File Information Record Body. 

0.1 Interface Library Support

The SIIS Archive File Interface Library provides functions and constants for traversing the data found within archive files and extracting information from its various headers, records, frames, and packets. The library is divided into several constituents, which handle different portions of the file structure. Figure 3 is a summary of the constituents and their responsibilities.

Figure 3 – SIIS Package Constituents

	Constituent
	Functionality

	SIIS_file
	Extracts records from archive files.

	SIIS_rec
	Extracts information from archive file records, including Raw Telemetry Records and File Information Records.

	SIIS_vcdu
	Extracts information from VCDU frames.


1 SIIS File Interface

The SIIS_file constituent of the SIIS package provides functions that interpret SIIS archive files at a high level. Currently, there is a single function implemented within SIIS_file:
· SIIS_fileHdrSizeof ()
Returns the length, in bytes, of the header of a SIIS archive file.

The first Archive File Record begins immediately after this file header. Therefore, the library user can use this function to determine how many bytes to ignore (and skip over) at the beginning of an archive file.

2 SIIS Record Interface

The SIIS_rec constituent of the SIIS package provides functions that interpret SIIS Archive File Records. Two of the functions describe the lengths of the header and trailer portions of the Archive File Record. These are:

· SIIS_recHdrSizeof ()
Returns the length, in bytes, of an Archive Record Header.

· SIIS_recTrlSizeof ()
Returns the length, in bytes, of an Archive Record Trailer.

The library user can calculate the total length of an Archive File Record by adding the values returned by these two functions to the SIIS_Rec_Hdr->body_bytes value returned by SIIS_recGetHdr().

The remaining functions each take three parameters:

1. A pointer to a record buffer that contains a portion of the archive file,

2. The length of the record buffer, in bytes, and

3. A pointer to an information structure in which information about the archive record can be stored and returned to the caller.

Note that the SIIS_rec functions do not read data from an archive file, 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 data that the caller read from the archive file. Using the information provided by SIIS_rec, the caller can easily determine the type of record contained within the memory buffer and, perhaps most importantly, how much data to skip over to reach the start of the next record within the archive file.

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

The SIIS_rec functions do not provide the capability to create Archive File Records. They are intended only for extracting information from existing records.

SIIS_recGetHdr()

This function interprets a data buffer as an Archive Record Header (see Figure 2), extracts information from it, and stores the extracted information in a SIIS_Rec_Hdr structure supplied by the caller. It returns to the caller a SIIS MSG value. SIIS_recGetHdr() operates only on the Archive Record Header portion of a record, so the Archive Record Body and Archive Record Trailer need not be present in the data buffer.

	unsigned int
SIIS_recGetHdr (
const unsigned char
*
hdr_buf,

const unsigned int

hdr_buf_bytes,

SIIS_Rec_Hdr
*
hdr_info
);


The following parameters are required by this function:

· hdr_buf 
Pointer to the data buffer containing the Archive Record Header.

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

· hdr_info
Pointer to the SIIS_Rec_Hdr structure into which SIIS_recGetHdr() should store the extracted Archive Record Header information.

	typedef struct
_SIIS_Rec_Hdr
{
SIIS_Rec_Type

type;


unsigned int

time_tag;


unsigned int

body_bytes;


}
SIIS_Rec_Hdr;


The returned SIIS_Rec_Hdr structure contains the following types of information:

· type
The type of the record, as enumerated by SIIS_Rec_Type.

· time_tag
The time at which the record was written to the archive file, converted to seconds since 00:00:00 UTC 1 Jan 1970, which is the start of the sun-gcc time epoch.

· body_bytes
The length of the Archive Record Body that immediately follows the Archive Record Header within the archive file.

	typedef enum
{
SIIS_REC_TYPE_RAW_TELEM,


SIIS_REC_TYPE_FILE_INFO,


SIIS_REC_TYPE_UNKNOWN,


} SIIS_Rec_Type;


The SIIS_Rec_Type enumeration describes the types of records that are recognized by the SIIS_recGetHdr() function.

· SIIS_REC_TYPE_RAW_TELEM
This record contains a Raw Telemetry Record.

· SIIS_REC_TYPE_FILE_INFO
This record contains a File Information Record.

· SIIS_REC_TYPE_UNKNOWN
This record is not recognized by SIIS_recGetHdr(). The time_tag and body_bytes values are still valid, though, which the caller can use to find the beginning of the next record in the archive file.

2.0 SIIS_recGetFileInfo()

This function interprets a data buffer as a File Information Record, extracts information from it, and stores the extracted information in a SIIS_Rec_File_Info structure supplied by the caller. It returns to the caller a SIIS MSG value. SIIS_recGetFileInfo() operates only on the Archive Record Body portion of the record, so the Archive Record Header and Archive Record Trailer need not be present in the data buffer.

	unsigned int
SIIS_recGetFileInfo (
const unsigned char
*
body_buf,

const unsigned int

body_buf_bytes,

SIIS_Rec_File_Info
*
file_info
);


The following parameters are required by this function:

· body_buf 
Pointer to the data buffer containing the File Information Record.

· body_buf_bytes
Length of the buffer to which body_buf points, in bytes.

· file_info
Pointer to the SIIS_Rec_File_Info structure into which the extracted File Information Record information should be stored.

	typedef struct
_SIIS_Rec_File_Info
{
unsigned int

time_tag;


unsigned int

sys_id_bytes;


unsigned int

sys_id_offset;


char

sys_id [32];


}
SIIS_Rec_File_Info;


The SIIS_Rec_File_Info structure contains the following types of information:

· time_tag
The time at which the record was written to the archive file, converted to seconds since 00:00:00 UTC 1 Jan 1970, which is the start of the sun-gcc time epoch.

· sys_id_bytes
The length of the system ID string that is stored in sys_id.

· sys_id_offset
The offset, from the start of the File Information Record, at which the system ID string was found.

· sys_id
The null-terminated system ID string. If the system ID string found in the record is too long to fit within the sys_id buffer, SIIS_recGetFileInfo() will truncate the system ID and return the SIIS_ILONGSRC status value.

SIIS_recGetRawTelem()

This function interprets a data buffer as a Raw Telemetry Record (RTR), extracts information from the RTR Header portion of the record, and stores the extracted information in a SIIS_Rec_Raw_Telem structure supplied by the caller. It returns to the caller a SIIS MSG value. 

SIIS_recGetRawTelem() operates only on the RTR portion of the record, so the Archive Record Header and Archive Record Trailer need not be present in the data buffer. The data buffer does need to include both the RTR Header and RTR Body, which allows SIIS_recGetRawTelem() to verify that the RTR Body is long enough to contain all of the data specified by the frame_bytes value within the RTR Header. If the RTR Body is too short to contain the frame data, SIIS_recGetRawTelem() returns the SIIS_WSHORT status value.

	unsigned int
SIIS_recGetRawTelem (
const unsigned char
*
body_buf,

const unsigned int

body_buf_bytes,

SIIS_Rec_Raw_Telem
*
raw_telem
);


The following parameters are required by this function:

· body_buf 
Pointer to the data buffer containing the Raw Telemetry Record.

· body_buf_bytes
Length of the buffer to which body_buf points, in bytes.

· raw_telem
Pointer to the SIIS_Rec_Raw_Telem structure into which the extracted Raw Telemetry Record information should be stored.

	typedef struct
_SIIS_Rec_Raw_Telem
{
unsigned int

sat_id_bytes;


unsigned int

sat_id_offset;


char

sat_id [32];


unsigned int

frame_type;


unsigned int

sync_status;


unsigned int

time_tag;


unsigned int

frame_bytes;


unsigned int

frame_offset;


}
SIIS_Rec_Raw_Telem;


The SIIS_Rec_Raw_Telem structure contains the following types of information:

· sat_id_bytes
The length of the satellite ID string that is stored in sat_id.

· sat_id_offset
The offset, from the start of the Raw Telemetry Record, at which the satellite ID string was found.

· sat_id
The null-terminated satellite ID string. If the satellite ID string found within the record is too long to fit within the sat_id buffer, SIIS_recGetRawTelem() will truncate the satellite ID and return the SIIS_ILONGSRC status value.

· frame_type
The frame type value found in the record.

· sync_status
The sync status value found in the record.

· time_tag
The time at which the record was written to the archive file, converted to seconds since 00:00:00 UTC 1 Jan 1970, which is the start of the sun-gcc time epoch.

· frame_bytes
The length, in bytes, of the Raw Telemetry Record Body of this record, which is a VCDU Frame.

· frame_offset
The offset, from the start of the Raw Telemetry Record, at which the VCDU Frame starts.

3 SIIS VCDU Interface

The SIIS_vcdu constituent of the SIIS package provides functions that interpret VCDU Headers and VCDU Trailers. Two of the functions describe the lengths of the header and trailer. These are:

· SIIS_vcduHdrSizeof ()
Returns the length, in bytes, of a VCDU Header (includes the synchronization marker and M_PDU header).

· SIIS_vcduTrlSizeof ()
Returns the length, in bytes, of a VCDU Trailer (includes 1 byte of padding).

The library user can calculate the total length of the array of CCSDS Packets within a VCDU Frame by subtracting the values returned from these two functions from the SIIS_Rec_Raw_Telem->frame_bytes value returned by SIIS_recGetRawTelem().

Like the SIIS_rec functions, the SIIS_vcdu functions do not read data from an archive file, 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 data that the caller read from the archive file.

There are no alignment or byte-ordering restrictions on the buffer passed to the SIIS_vcdu functions. The functions access the buffer one byte at a time, and interpret it in the byte-order defined by the archive file structure definition.

The SIIS_vcdu constituent does not provide the capability to create VCDU Frames. It is intended only for extracting information from existing VCDU Frames.

SIIS_vcduGetHdr()

This function interprets a data buffer as a VCDU Header (see Figure 2), extracts information from it, and stores the extracted information in a SIIS_Vcdu_Hdr structure supplied by the caller. It returns to the caller a SIIS MSG value. SIIS_vcduGetHdr() operates only on the VCDU Header portion of the record, so no other portion of the Archive File Record (such as the Archive Record Header, Raw Telemetry Record Header, CCSDS Packets, VCDU Trailer, and Archive Record Trailer) need be present in the data buffer.

	unsigned int
SIIS_vcduGetHdr (
const unsigned char
*
hdr_buf,

const unsigned int

hdr_buf_bytes,

SIIS_Vcdu_Hdr
*
hdr_info
);


The following parameters are required by this function:

· hdr_buf 
Pointer to the data buffer containing the VCDU Header.

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

· hdr_info
Pointer to the SIIS_Vcdu_Hdr structure into which the extracted VCDU Header information should be stored.

	typedef struct
_SIIS_Vcdu_Hdr
{
unsigned int

version;


unsigned int

spacecraft;


unsigned int

channel;


unsigned int

chan_count;


unsigned int

replay;


unsigned int

reserved;


unsigned int

second;


unsigned int

sub_second;


unsigned int

m_pdu_hdr;


unsigned int

data_offset;


}
SIIS_Vcdu_Hdr;


The returned SIIS_Vcdu_Hdr structure contains the following types of information:

· version
The AOS version.

· spacecraft
The spacecraft ID.

· channel
The virtual channel ID.

· chan_count
The VCDU sequence number for this channel.

· replay
The replay flag.

· reserved
The value of the reserved field.

· second
The seconds portion of the transmit time.

· sub_second
The subseconds portion of the transmit time, in units of 20uS.

· m_pdu_hdr
The 16-bit M_PDU header value.

· data_offset
The offset, from the start of the VCDU Frame, at which the first CCSDS Packet can be found. (Always the same as SIIS_VCDU_HDR_LENGTH).

4 Error Reporting

The SIIS Archive File Interface Library package supports the MSG status reporting system. The following message codes are defined.

Table 1 – SIIS Archive File Interface Library MSG Codes

	MSG Code
	Description
	Parameter

	SIIS_SUCCESS
	Function succeeded.
	None.

	SIIS_ILONGSRC
	A string value found in a record (system ID or satellite ID) was truncated because it was too long to fit in the SIIS_Rec_File_Info->sys_id or SIIS_Rec_Raw_Telem->sat_id buffer.
	None.

	SIIS_WSHORT
	The record data buffer supplied by the caller (hdr_buf or body_buf) is too short to contain a record header or header/body combination.
	None.

	SIIS_EBADVCDU
	A value found in a VCDU Header was not correct.
	The name of the invalid parameter, its expected value, and its actual value.

	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 a record header or header/body combination.
	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 Archive File Library to read an archive file and display the APID values from all the CCSDS Packets that are found. Some error checking and array bounds checking are omitted to avoid cluttering the example.

#include <stdio.h>

#include "CCSDS/CCSDS_pkt.h"

#include "CCSDS/CCSDS_pri.h"

#include "MSG/MSG_pubdefs.h"

#include "SIIS/SIIS_file.h"

#include "SIIS/SIIS_rec.h"

#include "SIIS/SIIS_vcdu.h"

int

main ()

{

  unsigned int  status = SIIS_SUCCESS;

  FILE         *arc_file;

  /* open the archive file and skip to the first record */
  arc_file = fopen ("Example_Archive.dat", "rb");

  fseek (arc_file, SIIS_fileHdrSizeof(), SEEK_SET);

  /* read and interpret each record in the file */
  while (!feof (arc_file) && _msg_success (status))

    {

    unsigned char  hdr_buf [128];

    size_t         hdr_bytes;

    SIIS_Rec_Hdr   hdr_info;

    /* read the Archive Record Header into hdr_buf and interpret it */
    hdr_bytes = fread (hdr_buf, 1, SIIS_recHdrSizeof(), arc_file);

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

    /* if this is a Raw Telemetry Record, process the Archive Record Body, */
    /* otherwise skip over the Archive Record Body                         */
    if (_msg_success (status) && (hdr_info.type == SIIS_REC_TYPE_RAW_TELEM))

      status = parse_raw_telemetry_record (arc_file, hdr_info.body_bytes);

    else

      fseek (arc_file, hdr_info.body_bytes, SEEK_CUR);

    /* skip over the Archive Record Trailer to get to the next record */
    fseek (arc_file, SIIS_recTrlSizeof(), SEEK_CUR);

    }

  return (_msg_success (status));

}

unsigned int

parse_raw_telemetry_record (FILE         *arc_file,

                            unsigned int  body_bytes)

{


  unsigned char       body_buf [2048];

  SIIS_Rec_Raw_Telem  raw_telem;

  SIIS_Vcdu_Hdr       vcdu_hdr;

  unsigned char      *vcdu_start;

  unsigned int        vcdu_bytes;

  unsigned char      *ccsds_start;

  unsigned int        ccsds_bytes;

  unsigned int        status = SIIS_SUCCESS;

  /* read the Raw Telemetry Record into body_buf and interpret it */
  body_bytes = fread (body_buf, 1, body_bytes, arc_file);

  status     = SIIS_recGetRawTelem (body_buf, body_bytes, &raw_telem);

  /* interpret the VCDU Header that is now in body_buf */
  if (_msg_success (status))

    {

    vcdu_start = body_buf + raw_telem.frame_offset;

    vcdu_bytes = raw_telem.frame_bytes;

    status = SIIS_vcduGetHdr (vcdu_start, vcdu_bytes, &vcdu_hdr);

    }

  /* interpret the CCSDS Packets that are already in body_buf */
  if (_msg_success (status))

    {

    ccsds_start = vcdu_start + vcdu_hdr.data_offset;

    ccsds_bytes = vcdu_bytes – vcdu_hdr.data_offset – SIIS_vcduTrlSizeof();

    while ((ccsds_bytes != 0) && _msg_success (status))

      status = parse_ccsds_packet (&ccsds_start, &ccsds_bytes);

    }

  return (status);

}

unsigned int

parse_ccsds_packet (unsigned char **ccsds_start_p,

                    unsigned int   *ccsds_bytes_p)

{

  unsigned short  ccsds_hdr [128];

  unsigned short  apid;

  unsigned short  length;

  unsigned int    status = SIIS_SUCCESS;

  /* copy the CCSDS header to ensure that it is 16-bit aligned */
  memcpy (ccsds_hdr, *ccsds_start_p, CCSDS_priHdrSizeof());

  /* validate the CCSDS header and display the APID */
  status = CCSDS_priHdrVerify (ccsds_hdr);

  if (_msg_success (status))

    {

    status = CCSDS_priHdrGetApid (ccsds_hdr, &apid);

    printf ("APID = %d (%04x)\n", apid, apid);

    }

  /* skip to the next CCSDS Packet within this VCDU Frame */
  if (_msg_success (status))

    status = CCSDS_priHdrGetLength (ccsds_hdr, &length);

  if (_msg_failure (status) || (*ccsds_bytes_p < length))

    *ccsds_bytes_p = 0; /* abort this VCDU Frame */
  else

    {

    *ccsds_start_p += length + CCSDS_priHdrSizeof();

    *ccsds_bytes_p -= length + CCSDS_priHdrSizeof();

    }

  return (status);

}

6 Unit Testing

The SIIS package contains a single unit test that exercises all constituents of the package.

6.0 Unit Test Coverage

The SIIS package unit 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 Archive File Records.

6.1 Running the Unit Test

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