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1 INTRODUCTION

1.1 Scope and Purpose of the Document

This document describes the PacketLib library for programmers who write applications able to handle
satellite telemetry having the Source Packets structure compliant to the ESA Telemetry and Telecommand
standard as defined by [3A] and [3B].

PacketLib is a C++ software library, running on Unix platform, which allows the applications to easily decode
the Source packets, down to the level of the single logical structure contained in the data field.

PacketLib is aimed at providing a reusable software library for satellite telemetry production and processing
and a rapid development for Test Equipment (TE), EGSE and Ground Segment applications.

The diagrams and the terms presented in this document are conformed with the UML-OMG 1.4 standard [2].
The Unified Modeling Language (UML) is a graphical language for visualizing, specifying, constructing, and
documenting the artifacts of a software-intensive system.

The UML offers a standard way to write a system's blueprints, including conceptual things such as business
processes and system functions as well as concrete things such as programming language statements,
database schemas, and reusable software components. The UML represents the culmination of best
practices in practical object-oriented modeling.

The architecture is described by means of the implementation diagrams. This diagrams shows aspects of
physical implementation, including the structure of components and the run-time deployment system. These
diagrams come in two forms:

e component diagrams show the structure of components, including the classifiers that specify them and
the artifacts that implement them;
e deployment diagrams show the structure of the nodes on which the components are deployed.

The package diagram gives a logical overview of the software architecture (a package is a grouping of
element as component, code, etc.).

Further details on the PacketLib are provided in [1].

Definitions, Acronyms, Abbreviations
The following is a list of definitions used throughout this document.

111 ACRONYMS

EGSE Electrical Ground Support Equipment
GSE Ground Support Equipment
Instrument SC Instrument Science Console
IP Integrated Payload

P/L Payload

PDHU Payload Data handling Unit
TBC To Be Confirmed

TBD To Be Defined

TC Telecommand

TE Test Equipment

™ Telemetry

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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[3A] “Packet Telecommand Standard”, ESA-PSS-04-107, Issue 2
[3B] “Packet Telemetry Standard”, ESA-PSS-04-106, Issue 1
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3 ARCHITECTURAL OVERVIEW

3.1 The main layers

Telemetry management

/O abstraction

Operating system

Figura 3.1: PacketLib layers

PacketLib is structured into two main layers: the Telemetry Management layer, which interfaces the
application, and the 1/0O Abstraction layer, which interfaces the Operating System. The former allows the
application to address the various elements forming the packet data stream, without having to deal with the
specific structure. The latter abstracts from the specific input and output mechanisms (e.g. sockets, files, and
shared memories).

This approach allows for a more rapid development of the user applications without having to deal with the
kind of input and output sources, that could be changed at run time. Indeed the library could be used either to
process or to generate a telemetry stream.

3.2 Package

PacketLib library should be divided into the following packages:
Main: contains the classes that manages the telemetry

IO: classes for I/O mechanism. See section 4.1 and chapter 3 and 8.
PacketLibException: class of exceptions

Utility: class with static methods of general utility. See [1].

Basic type: package with the basic type of the library.

3.2.1 BASICTYPE
The PacketLibDefinition.h file includes the definition of the following basic types:

#include <string>
#include <string.h>
#include <errno.h>
#include <iostream.h>
#include <stdlib.h>
#include <stdio.h>

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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#define TRUE 1
#define FALSE O
#define EOI -1
#define DEBUGMODE O
#define NULL O

//#define PRINTDEBUG(strprint) i1f(DEBUGMODE) cout << strprint << endl;
#define PRINTDEBUG(strprint) if(DEBUGMODE) printf("'%s\n", strprint);

typedef unsigned char byte; //1 byte
typedef unsigned short word; //2 byte
typedef unsigned long dword; //4 byte

typedef bool boolean;
using namespace std;
#define BIGENDIANITY O

DEBUGMODE-=1 enable us to switch on all the functionalities useful during the development of the library, for
example the use of the PRINTDEBUG macro.

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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PacketLibExce
)
PacketLib — ption
Basi \ B
asic type 0

Utility

W< <static>>
W< <static>>
S< <static>>
S< <static>>
S< <static>>
S< <static>>
W< <static>>
W< <static>>
W< <static>>
W< <static>>
P<<static>>
P<<static>>
W< <static>>
W< <static>>
W< <static>>
W< <static>>

binaryTolnteger()
convertTolnteger()
getbits()

getbits2()
convertTolnteger()
wordToBinary()
integerToString()
stringToHexadecimal()
strlen()
byteToHexadecimal()
hexadecimalTolnteger()
ftimeToChar()
ftimeToChar()
integerToString2()
extractFileName()
charcat()

Figur2 3.2: PacketLib architecture

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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4 DESIGN OVERVIEW
4.1 1/0O Abstraction layer

This section presents the general architecture of the 1/O system embedded into PacketLib. This layer allows
to develope the applications independently of the device which generates/receives the telemetry. This means
that it is possible to choose the specific I/O device at run time.

The main components are:

e Device hierarchy
e Input hierarchy
e Output hierarchy

In addition, the ByteStream class represents a stream of byte.
4.1.1 BYTESTREAM CLASS

This class is one of the core classes of the library. This class represents both the byte stream to be read and
the byte stream to be written. This class manages also the Endianity.

ByteStream
(from PacketLib)

E&bigendian : bool
&3mem _allocation : bool
E&mem _allocation_constructor : bool

WByteStream (bigendian : bool = false)
WByteStream (size : long, bigendian : bool)
WByteStream (stream : byte*, dim : long, bigendian : bool, memory_sharing : bool = true)
WByteStream (b0 : ByteStream*, bl : ByteStream*, b2 : ByteStream*)
%~ ByteS tream ()
WgetStream() : byte*
SgetOutputStream() : byte*
BendOutputStream () : void
MgetSubByteStream (first : word, last : word) : ByteStream*
ByetSubByteStream Copy(first : word, last : word) : ByteStream*
SsetStream(b : byte*, dim : unsigned, bigendian : bool, memory_sharing : bool = true) : bool
WsetStream(b : ByteStream*, first : word, last : word) : bool
WsetStreamCopy(b : byte*, dim : unsigned) : wid
WsetW ord (start : unsigned, value : word) : bool
WsetByte(start : unsigned, value : word) : void
WgetByte(byteNumber : unsigned) : byte
WyetValue(start : unsigned, dim : unsigned) : long
SgetDimension() : unsigned
BprintStreaminHexadecimal() : char*
SgetM emAllocation() : bool
W<<const>> isBigendian() : bool
Bswap() : void
iP¥setM emory Allocated(allocated : bool) : void
iF¥deleteS tream Memory() : void

Figure 4.1: ByteStream class

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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4.1.2 DEVICE HIERARCHY

This hierarchy includes all the classes representing an 1/O system, with their characteristics. It is noted that
only few elements are common through the class interfaces. This is because the possible devices (file,

socket, shared memory and so on) may be very different.

Device
(from PacketLib)

fikzeof : bool
fkzclosed : bool
figgbigendian : bool
igzendsession : bool

HDevice()

S<<const,itual>> isClosed()
S<<const,irtual>> isEOF()
S<<virtual>> setEndSession()
S<<const,vitual>> getEndSession()
S<<const,vitual>> isBigEndian()

File
(from PacketLib)

abyte_read : unsigned long
gichar_read : unsigned long
fizslastLineRead : chart
M : FILE*
fzbookmarkPos : long
fistartPosition : long
ikzilename : char*

Brile(
Srile(
S<<virtual>> open()
S<<virtual>> getByte()
S<<virtual>> getNByte()
S<<virtual>> getLine()
S<<virtua>> close()
S<<virtual>> is Closed()
SgetLastLineRead()
B<<virtual>> setpos()
B<<virtual>> getpos()
S<<virtual>> memB ookmarkPos()
S<<virtual>> setLastBookmarkPos()
V<<virtuab>> s EOF()
SsetFirstPos()
Schdir)
$ind()
ShriteS tring()
ShwriteByteStream()
S<<virtual>> getFileName()

Socket
(from PacketLib)

fksm_sock : int
fksm_addr : sockaddr_in

MSGQ
(fom PacletLib)

SHM
(from PacketLib)

omsgaid : int
gmsgagkey : long
gcreated : bool
@dimmsg : long

Wsocket()

S<<virtual>> ~Socket()
Y<<const virtual>> is_valid()
Y<<const virtual>> send()
S<<irtual>> recv()
S<<virtual>> connect()
S<<irtual>> create()
Y<<virtual>> close()

fgshmid : int
fzshmkey : long
ficreated : bool

$SHM()

$MSGQ()
S<<virtual>> ~MSGQ()
S<<virtual>> create()
Si<<virtual>> open()
S<<virtual>> close()
Si<<virtual>> destroy()
8<<const virtual>> isCreated()

S<<virtual>> writeMessage()

\ (

|

S<<virtual>> readMessage()

S<<virtual>> ~SHM()
S<<virtual>> create()
S<<virtual>> open ()
S<<virtual>> close()
S<<virtual>> destroy()
S<<const virtual>> isCreated)
< <virtual>> writeSlot()
B<<virtual>> readSlot()

SocketServer
(from PacketLib)

/
/ §SocketS

/ §SocketS
B<<virtual

SocketClient .
(from PacketLib) ‘blnd()

®set non
Saccept()

SSocketClient()

§<<const>> listen()

ener()
ener()
>> ~SocketSener()

_blocking()

Figure 4.2: Device hierarchy

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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41.2.1 Fue

This class represents a generic file with all the required methods (open, close and create). Some methods
are present for reading and writing the strings and ByteStream. See Chapter 6 for some example.

4.1.2.2 DISCoSSHM

This device is used to connect the DISCoS shared memory (usable only with —-D WITHDISCOS compile
option).

4.1.2.3 Socket

This device represents a generic socket (client o server).

4124 SHM

With this class it is possible to create, connect, read and write from/to a shared memory. It is necessary to
create a struct that represents the structure to be read or to be written. It manages a structure organized in
slots. This means that it is possible to manage a list of data of the same format. The dimension of each slot is
determined by the definition of the struct.

In order to write, it is necessary to assign to this struct the value to be written, and to use the writeSlot()
method. With readSlot() it is possible to read a slot.

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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4.1.3 INPUT HIERACHY

Within this hierarchy are present all the classes that represent an 1/0O system for the PacketLib. With these
classes it is possible to read a ByteStream or a Packet from Input. See chapter 8 for some examples.

The main methods are:

e open(char** parameters): open the input with the correct parameters (file name for the InputFile, IP
address and port for InputSocket)

e close(): close the input

e ByteStream* readByteStream(int dim)

e char* readString(): read a string

Input
(from PacketLib)
eof : bool
fgzclosed : bool
izbigendian : bool

Finput()
<<virtual>> ~Input()
W<<abstract>> open() SocketServer
Y<<abstract>> readByteStream() (from PacketLib)
W<<abstract>> readString()
File W<<abstract>> close()

Vi
(from PacletLib) W<<abstract>> getType() -nev tsever
B<<virtual>> isClosed() \

el W< <virtual>> iSEOF()
W<<virtual>> isBigendian()

i

InoutFile InputSerial InputSocketServer
(fmmiacletLib) (from PacketLib) (from PacletLib)
figadevice : char* iggport : int
. *
| TamEe ¢ e lizzflag : int likzaccepted : bool
@ )
‘Tﬁui:l:e”(e)() BInputSerial() FinputSocketSerner)
Q<<\'/::rtual>> open() %~ InputSerial() %~ InputSocketSener()
— P cI%se() S<<virtual>> open() W<<virtual>> open()
8 <<virtuab> readByteStream ) W< <virtual>> close() W<<virtual>> close()
it readsiln'n 0 S<<virtual>> readByteStream() W<<virtual>> readByteStream ()
. <irtuab> el eog S<<virtual>> readString() $<<virtual>> readString()
getlyp W<<virtual>> getType() B<<virtual>> getType()
#serial\
Serial

(from PacketLib)

Figure 4.3: Input hierarchy

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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4.1.4 OUTPUT HIERARCHY

Output abstraction layer. See Chapter 6 for some example.

The main methods are:

File
(fom PacletLib)

#file\

open(char** parameters): open the output (see 4.1.3)
close(): close the output
writeByteStream(ByteStream* b): write a ByteStream to the output
writeString(char* c): write a string

Output
(from PacketLib)

fais closed : bool
fizabigendian : bool

Boutput ()

®<<abstract>> close()
®<<abstract>> open()
S<<virtual>> isClosed()
S<<virtual>> isBigendian ()
$<<abstract>> writeByteStream()
$<<abstract>> writeString ()
B<<abstract>> getType()

OutputFile
from PacketLib)

‘&sfilename : char*

SoutputFile()

S<<virtual>> ~OutputFile()
$<<virtual>> close()
$<<virtual>> open()
Y<<virtual>> writeByteStream()
S<<virtual>> writeString()
S<<virtual>> getType()

4.2 Main Layer

421 PACKETSTREAM

I

OutputSerial
(from PacketLib)

fagdevice : char*
fagiag : int

$output Serial()

$<<virtual>> ~OutputSerial()
S<<virtual>> close()
S<<virtual>> open()
Si<<virtual>> wiiteBy teStream()
S<<virtual>> wiiteString()
S<<virtual>> getType()

i
#serial |
V

Serial
(from PacketLib)

Figure 4.4: Output hierarchy

SocketClient
(from PacketLib)

®SocketClient()

#socket&ent

\

\
\
\

OutputSocketClient
(from PacketLib)

fghost : char*
fkzport : int

BoutputSocketClient()
B<<virtual>> ~OutputSocketClient()
B<<virtual>> close()

S<<virtual>> open()

B<<virtual>> writeByteStream()
B<<virtual>> writeString()
S<<virtual>> getType()

PacketStream is the hierarchy that represents the telemetry stream. Two main classes are present:
InputPacketStream: it represents a packet stream as input. This is useful for reading a stream
OutputPacketStream, it represents a packet stream as output. This is useful for writing a stream.

Before using a PacketStream, it is necessary to create the structure of the stream in memory, by means of

the createStreamStructure(*.stream file name) method.

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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The list of packets is contained into the *.stream file. In the following example (more details in the Interface
Control Document) 3 types of packets are created into the memaory.

[Configuration]
--prefix

true

--stream format bigendian
true

—--dimension of prefix
2

[Header Format]
headerESATM.header
[Packet Format]
BURST . packet
TC_CAL_start.packet
TC_CAL_stop.packet

Before to use a packet, it is necessary to get a reference to it:
Packet* p = ops.getPacketType(2);

The index that is passed to the method depends on the content of the .stream. The first packet (in this case
the BURST.packet) has index 1. The index 0 is reserved to an object of the class PacketNotRecognized.

The input and output objects of the Input and Output hierarchy should be connected to OutputPacketStream
and to the InputPacketStream via setOutput() or setinput() methods (see example).

The method InputPacketStream::readPacket() read a telemetry packet from the input.
The method OutputPacketStream::writePacket() write a telemetry packet to the output.

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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‘ PacketHeader ‘
rReference

PacketStream

<=filenameConfig : char*
Sk=numberOfPacketType : byte
S&Zprefix : bool

fZ=bigendian : bool

#packetType

|I¥P ac ketStream ()

=P ac ketStream ()

= PacketStream ()

s etFile NameConfig(

=ec reateStream Structure()
=getPacketType()

W< <static>> packetLibVersion()
|isBigEndian(

=t herels Prefix ()

=g etNum berOfP acket Type()
=<<const>> getPrefixDimension(
< <const>> getHeaderDimension(

SR\

InputPacketStream
NV P
<<typedef>> WInputPacketStream () OutputPacketStream
word =nputPacketStream ()
=~ InputPacketStream () FWOutputPacketStream ()
- |detPacketType() FLOutputPacketStream ()
— |detPacketType() LWwriteP acket ()
o Wsetinput() s etO utput()
. — ®WreadPacket() T
T |
————— #in 4 |
1 |
|
f \
InputPacketStreamFile ‘out
ZlistOfFileStreamPointer : list<FileStreamPointer>
%ﬁleNameStream . char* S |
E&linitialP osition : long I

EZnumberOfFileStreamPointer : long

TWnputPacketStreamFile()
LnputPacketStreamFile()

=~ InputPacketStreamFile()
WsetFileNameStream ()
openinputStream ()
closelnputStream ()
FisInputStreamEOF()
WgetPacketFromStream()
WgetNumberOfFileStreamPointer()
TfreeRun()
WgetPacketFromFileStreamPointer()
WgetFileStreamPointer()
WsetlnitialPosition()

Figura 4.5: PacketStream hierarchy

4.2.2 PACKET

Packet class is the core of the library because it represents a TM or TC packet. The structure of a packet is
described by some configuration files (with .header, .packet and .rblock extension, see Interface Control
Document) provided by the Programmer.

4.2.2.1 Common STRUCTURE: PARTOFPACKET

A telemetry packet should be basically divided into sections. Each section is basically compound by a list of
fields.

This structure is represented by the PartOfPacket class that contains all the methods for the basic
elaboration of a list of fields or single fields.

Any information contained in this document is property of INAF/IASF Bologna (Italy). All rights reserved
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PartOfPacket
(from PacketLib) Field

@nopName : char* (from Packetib)

SpartOfPacket()

S<<virtual>> ~PartOfPacket()

ByteStream

(from PacketLib)

S<<virtual>> loadFields|)
————touiptesiream

SDFRBBlock  (&*
(from PacketLib)#

SDFBVBlockVariable
from PacletLib)

SDFBVBIock

S<<virtual>> printStructure()
B<<virtual>> printValue()
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S<<virtual>> loadFieldsBuffer() +previoyis
S<<virtual>> getDimension()
Bc<<virtual>> getFields()
+ived S<<virtual>> getFieldValue()
S<<virtual>> setFieldValue()
S<<virtual>> getNumberOfFields ()
S<<virtual>> setByteStream|)
S<<virtual>> generateStream()
S<<virtual>> setOutputStream)
EdeleteFields()
S<<virtual>> getFieldvalue 5 1()
S<<virtual>> setFieldvalue 5 1()
S<<virtual>> getFieldValue_4_14()
S<<irtual>> setFieldvalue_4_14()

/

é pre\ﬂm“ \
\
\

(from PacketLib)

f \
/ \
| \
/ \
| \
DataFieldHeader \
(from PacketLib) \\\
\
\
\
\
\
\
SDFBVBIockFixed
from PacletLib)

gname : char*

gtherelsPredefinedValue : bool
gpredefinedValue : int
gprogressiv: int

#ie|d8iField)
$-Field)

SDFBFBIock

SDFNBVFixed
fom PacletLib)

(from PacketLib)

— SDFNBVarable
(from PacketLib)

PacketHeader
(from PacketLib)

SourceDataField
(from PacketLib)

PacketDataField
(from PacketLib)

details about these section see 4.2.2.5.

In the Figura 4.6 are shown all the methods and the sections foreseen for a telemetry packet. For more

Figura 4.6: PartOfPacket and the derived class
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4.2.2.2 THE CLASS PACKET

The class Packet represents a telemetry packet.

Packet
(from PacketLib)

figapacketiD : byte
figzname : char* |
figatype_of_identifier : bool [3] |
f&anumber_of_identifier : unsigned |
figzbigendian : bool |
f&sthereisprefix : bool ‘
B5first_output_stream_setted : bool |

PacketNotRecognized Spacket() |
(from PacketLib) W<<virtual>> ~Packet() \‘
®<<virtual>> createPacketType() -tempﬂail
WP acketNotRecognized() S<<virtual>> setAndVerifyPacketValue() “
S<<virtual>> ~PacketNotRecognized() S<<virtual>> setAndVerifyPacketValue() -tempDataFie dHe?der
W<<virtual>> createPacketType() W<<virtual>> setPacketValue() Vi

®<<virtual>> setPacketValue() S<<virtual>> setPacketValue() D i
\ empDataField] gy ieStream
BverifyPacketValue() moym PacketLib)
SverifyPacketValue() P
—[®<<virtual>> printPacketValue() ////*fggﬁ@

SgetDimension() -
®getMaxDimension()
WgetinputStream () i P
S<<virtual>> getName()  —
W<<virtual>> printldentifiers() .
W<<vi >>

Packetldentifier  gidentifiers / ‘get\norLLtl;Ltst(ri;;t‘e(:)lExtemaIByleStream()

(from Packetl ib) — S<<virtual>> setPacketD()
&type : byte S<<virtual>> getPacketID()
- - StherelsPrefix()
Packelldent|f|gr() P<<virtual>> generateStream()
$-Packetidentifier() [@<<virtual>> loadldentifiers()
¥setPacketValuePrefix()
setPacketValueVerify()

[F¥setPacketValueDataFieldHeader()
setPacketValueSourceDataField()
[¥setPacketValueHeader()
FmemByteStream()
@memByteStream()
S<<virtual>> printPrefixStream ()
S<<virtual>> printHeaderValue()
S<<virtual>> printHeaderStream()
®<<virtual>> printDataFieldHeaderValue()
W< <virtual>> printDataFieldHeaderStream()
®<<virtual>> printSourceDataFieldValue()
W< <virtual>> printSourceDataFieldStream()
S<<virtual>> printTailValue()
S<<virtual>> printTailStream()
setPacketValueTail()

Figure 4.7: The Packet class hierarchy

The method print() are useful to print to stdout the content of a section of the packet.

4.2.2.3 NAVIGATION METHOD OF THE PACKET AND HOW TO WORK WITH FIELD VALUES
It is possible to set and get the value of the fields by means of the setFieldValue() and getFieldValue()
methods applied to the various sections of the packet.

For example, if p is a pointer to a packet obtained from a PacketStream,

p->header: enables us to access to the header of the packet
p->dataField->dataFieldHeader: enables us to access to the data field header of the packet
p->dataField->sourceDataField: enables us to access to the source data field of the packet
p->dataField->tail: enables us to access to the tail of the packet.
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header

PacketHeader
(from PacketLib)

Pac ketDataField
(from PacketLib)

+dataFieldHfeader

DataFieldHeader
(from PacketLib)

WDataFieldHeader()

+sourceDataField

SourceDataField
(from PacketLib)

fezisblock : bool

‘Z=fixed : bool

f==numberOfBloc kFixed : bool*
fEzreset_output_stream : bool
f&=rblock : bool

=S ourceDataField()
W< <abstract>> getMaxDimension()

W< <virtual>>

getM axDimension()

®<<abstract>> loadFields()

W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>
W< <virtual>>

isBlock()

isFixed()
isNumberOfBlockFixed()
getM axNumberOfBlock()
getM axNumberOfElements()
getDimension()
getDimension()

getindexO NBlock()
setNumberOfRealDataBlock()
getSubFromNBloc k()
getNumberOfRealDataBlock()

W< <abstract>> getFields ()

W< <virtual>> getFields()

< <abstract>> getFieldValue()

W< <virtual>> getFieldValue()

W< <abstract>> setFieldValue()

W< <virtual>> setFieldValue()

W< <virtual>> getNumberOfFields()

W< <virtual>> getNumberOfFields()

W< <virtual>> setNumberOfRealElement()
W< <virtual>> getNumberOfRealElement()
W< <const>> get_reset_output_stream()
®set_reset_output_stream ()

W< <virtual>> isRBlock ()

W< <virtual>> getFieldValue_5_1()

W< <virtual>> getFieldValue_4_14(

Figure 4.8: Packet and main sections

Some example follows. If we want to set the value 257 to the field 3 of the header:

p->header->setFieldvalue(3, 257);

It is noted that if a predefined value is specified in the .stream, the setFieldValue has no effect, and the value
contained in the .stream is used.

Set the value 1257 to the field 2 of the data field header and the value 127 to the field 32 of the source data
field:

p->dataField->dataFieldHeader->setFieldvalue(2, 1257);
p->dataField->sourceDataField->setFieldValue(32, 127);
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Get the value of the field 10 of the data field header:
word w = p->dataField->dataFieldHeader->getFieldValue(2);

Some specialized methods exists for some particular PTC, PFC:
virtual float getFieldValue 5 1 (word index)

virtual void setFieldValue_5 1 (word index, float value)

virtual long getFieldValue_4 14 (word index)

virtual void setFieldValue_4 14 (word index, long value)

See Reference Guide for more details.

In addition, if a source data field is organized into blocks, it is possible to have the following methods:
virtual word getFieldValue (word block, word index)

virtual void setFieldValue (word block, word index, word value)

These methods works for Layout 2, 3.

To work with the fixed part of the source data field of the Layout 4 it is enough to use the basic version of the
getFieldValue() and setFieldValue() methods.

If we want to access a rblock, it is necessary to use the following method:

virtual SDFRBBlock * getBlock (word nblock, word rBlocklndex)

We obtain the block of number nblock of the group of blocks of the rblock with the index rBlockindex (see the
Interface Control Document). Now, we can use the method setFieldValue() and getFieldValue() of the
SDFRBBIock class to access to the fixed part of this rblock, and use the getBlock() to access to the variable
part. See the related example in this document.

4.2.2.4  GET THE FIELD

It is possible to get the entire field using the method getField() applied to the various part of packet shown in
the section 4.2.2.3.

4.2.2.5 PACKET STRUCTURE

In the Figure 4.9 is shown the overall view of the packet. The class orange is the class for the telemetry
layout 1, the red classes are used for the telemetry Layout 2, the yellow classes are used for the telemetry
Layout 3 and the green classes are used for the telemetry Layout 4 (see Interface Control Document).
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Figure 4.9: Overall view of the packet
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5 OVERVIEW: HOW THE LIBRARY WORKS

The real working of library can be easily understand with a little coding example that process the input.

1. InputPacketStream ps;

2. char* parameters; //set the parameters of input

3. Input *in = new InputSocket(parameters);

4, in.open();

5. ps.createStreamStructure("conf.stream™);

6. ps.setinput(in);

7. Packet* p = ps.getPacket();

8. cout << "The packet reads from input is" << p->name << end];

9. cout << "The value of field 4 of header is " << p->header->getFieldValue(4) << endl;

10. cout << "The value of field 2 of source data field is " << p->dataField->sourceDataField-

>getFieldValue(2) << endl;

Line 1 instantiates the object that represents the input byte stream, and line 5 loads the configuration files
and creates into memory the byte stream structure and the packets structure (header, data field and fields).
Lines 2, 3, and 4 create an input source and open it. To change the input source without modifying the rest
of the code, it is only necessary to modify the line 3 by instantiating another type of input (e.g. InputFile
instead of InputSocket), and opening it with the correct parameters.

The line 6 links the input byte stream with the input source, and the remaining code extracts the required
packet information from the input stream. In particular, line 7 reads a complete packet, whereas lines 8-10
print the value of the various fields.

Summarizing, lines 2-4,6 provide the 1/O Abstraction layer, while lines 1,5,7-10 are related to the Telemetry
Management layer.

From this example it is evident that with a few lines of code it is possible to connect with an input source and
obtain an object representing a packet with all the field value decoded starting from a byte flow. The library is
able to manage either big-endian and little-endian format.

For a full comprehension of how the library works, it is necessary to understand how the input is processed.
After having read the packet Header (which is of fixed length), the library knows the length of the following
Data Field. The actual structure of the Data Filed is derived by its identifier which consists of one or more
fields containing some predefined values. Typically, the APID field of CCSDS standard is used, but the library
has not limitation, and allows identifiers which include others fields (e.g.: in the AGILE case the Type/Subtype
fields of the Data Field Header).

The identification of the various packets is performed by looking in the packets for one of the possible
identifier defined in the *.packet ASCII file. Identified packets are unpacked and the various fields are read
into the packet structure defined in the *.packet files, where can be directly addressed as shown in lines 9,10.
In the negative case, an object representing a generic not recognized packet is created, where the Data Field
byte sequence is copied without any structure.
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6 DEVICE EXAMPLES

This section presents some examples that use the device hierarchy. Note that the device behaviour depends
by the device.

6.1 File

The file declaration is the following:

bool bigendian;
bigendian = ... //true or false

File f(bigendian);
The bigendian parameter is useful only if we work with a stream of byte..

Open the file:

char* filename = “prova”;
f.open(filename);

Open the file in writing mode:
f.open(filename, “w”);

If a file is opened in reading mode, it is possible to read the content with the following methods:

int val;

ByteStream* b;

char* str;

val = f.getByte(); //read single byte

b = f.getNByte(200); //read 200 bytes and return a ByteStream

str = f.getLine(); //if 1t is a text file, read a string

If the file is opened in writing mode:

f.writeString(str); //write a string

f.writeByteStream(b); //write a ByteStream

Use isEOF() to know if we are a the end of file, or use bool isClosed() to know if the file is closed.

Methods that are useful to change the position into the file:

e long getpos()
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¢ long setpos(long offset)
e bool memBookmarkPos(): saves the current position in the file
e bool setLastBookmarkPos(): moves in the last saved current position

Close the file with:
f.close()

These method should be closed into a try...catch block and should be managed the exception
PacketExceptionlO*.

This is an example that came from the QpacketViewer. This code write into a log file the content of a
telemetry packet.

fo.writeString('"\n\nHeader:\n ");
cl = p->header->stream->printStreamlnHexadecimal();
fo.writeString(cl);
fo.writeString("\n'");
c = p->header->printvValue(''\r\n");
for(int 1=0; c[i] !'= 0; i++)
fo.writeString(c[i]);

fo is the input file. p is an object of class Packet. c1 is a char*.

6.2 SHM

This example is divided into two parts: SHM Server that creates and writes the shared memory, SHM Client
that connects and reads the shared memory.
6.2.1 SHM SERVER

#include <iostream.h>
#include <stdlib.h>

#include "PacketExceptionlO.h"
#include ""SHM.h"

using namespace PacketLib;
typedef struct s {
long pointer;

char filename[200];
} str_idl;

#define SHM_PROCESSOR_SYNC 10000
#define KEY_SYNC(acq_type, ch) SHM_PROCESSOR_SYNC+#acq_type*100 + #ch

int main(int argc, char *argv[])
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{

try {
cout << '""Create the shared memory" << endl;
SHM* shm = new SHM(true);
int i;
shm->create(100000, 1, sizeof(shm_sync));
shm->open();
str_idl* s = (str_idl*) new str_idl;
s->pointer=10;
shm->writeSlot(0, (void*) s);
scanf("'writed ... %d", &i);
shm->close();
scanf("'%d", &i);
delete shm;

}

catch(PacketExceptionlO* e) {
cout << e->geterror() << endl;

}
}

6.2.2 SHM CLIENT

#include <iostream.h>
#include <stdlib.h>

#include "PacketExceptionlO.h"
#include "SHM.h"

#include <unistd.h>

using namespace PacketLib;

typedef struct sl {

long pointer;

char filename[200];
} str_idl;

typedef struct s {
unsigned short status;
unsigned long fits_raw_number;
unsigned long run_id;
char filename[500];

} shm_sync;

int main(int argc, char *argv[])

{
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try {
//2

cout << '""Connect with the shared memory" << endl;
SHM* shm = new SHM(true);
int i;

shm->0pen(10301, 1, sizeof(shm _sync));
while(true) {
shm_sync* arr = (shm_sync*) shm->readSlot(0);
cout << arr->status << endl;
cout << arr->fits_raw_number << endl;
cout << arr->run_id << endl;
cout << arr->filename << endl;
cout << Mmoo " << endl;
sleep(1);
}
scanf("'%d™, &i);
shm->close();
delete shm;
}
catch(PacketExceptionlO* e) {
cout << e->geterror() << endl;

}

}
6.3 MSGQ

6.3.1 MSGQ SERVER
#ifdef HAVE CONFIG_H
#include <config.h>
#endif

#include <iostream.h>
#include <stdlib.h>
#include ""MSGQ.h"

#include "PacketException.h"

using namespace PacketLib;

#define SENDER_MSGQ_LEN 255
#define SENDER_MSG_TYPE 10

int main(int argc, char *argv[])
{

try {
char* buf;
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MSGQ msgqg(true);
msgq.create(10000, SENDER_MSGQ_LEN);
cout << "Wait for a message..." << endl;

buf = msgq.readMessage(SENDER_MSG_TYPE);

for(int 1=0; i< SENDER_MSGQ LEN; i++)
cout << buffi];

msgq.-destroy();
cout << "End of the program” << endl;
}
catch(PacketException* e) {
cout << e->geterror() << endl;
}
}

6.4 MSGQ Client
#ifdef HAVE_CONFIG_H
#include <config.h>
#endif

#include <iostream.h>
#include <stdlib.h>
#include "MSGQ.h"

#include "PacketException.h"

using namespace PacketLib;

#define SENDER_MSGQ LEN 255
#define SENDER_MSG_TYPE 10

int main(int argc, char *argv[])
{

try {
char* mtext = new char[SENDER_MSGQ LEN];

MSGQ msgq(true); //create the object
msgqg.-open(10000, SENDER_MSGQ LEN); //open the msgq
//set the values

for(int i = 0; i < SENDER_MSGQ_LEN; i++)

mtext[i] = 35;

//write the message
msgq-writeMessage(mtext, (long)SENDER_MSG_TYPE);
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cout << "End of the program” << endl;
}
catch(PacketException* e) {
cout << e->geterror() << endl;
}
by
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7 OUTPUT EXAMPLES

7.1 General description

The main steps to create an output data flow are the following:

1) create an OutputPacketStream object;

2) create an object of the Output hierarchy

3) open the .stream file. This create the structure of the telemetry packets that should be generated.
4) open the Output object with the correct parameters

5) connect the OutputPacketStream object with the Output object created and opened

6) elaborate the Packets and ByteStreams objects

7) close the output (if it is necessary).

7.2 Example 1
#ifdef HAVE_CONFIG_H
#include <config.h>
#endif

#include <iostream.h>

#include <stdlib.h>

#include "OutputSocketClient.h"
#include "OutputPacketStream.h"
#include "ByteStream.h"

#include "Output.h"

#include "OutputFile.h"

using namespace PacketLib;

int main(int argc, char *argv[])

{
Output* out;
OutputPacketStream ops;

/[create the structure of the telemetry in memory
ops.setFileNameConfig("../../../CAL-DFE-TE_configuration/BURST.stream");
ops.createStreamStructure();

/lparameter for the output: socket client

out = (Output*) new OutputSocketClient(ops.isBigEndian());
cout << "OUTPUT: SOCKET CLIENT 20001" << endl;
char** param = (char**) new (char*)[3];

param[0] = "localhost"; //host

param[1] = "20002"; Ilport

param[2] = O;
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/lopen output
out->open(param);

/lconnect the output
ops.setOutput(out);

/lget a packet and set some fields

Packet* p = ops.getPacketType(2);
p->header->setFieldValue(3, 257);
p->header->setFieldValue(5, 1);

/Isend the packet
ops.writePacket(p);

cout << p->packet_output->printStreaminHexadecimal() << end];
/[close the output
out->close();

}

If we want to send a ByteStream:

/Isend a byte stream to the output
ByteStream* bl = new ByteStream(10, ops.isBigEndian());
for(int i=0; i< 10; i++)

bl->setByte(i, i);

out->writeByteStream(bl);
If we want to use a file as output:

/Iparameter for the output: file

out = (Output*) new OutputFile(ops.isBigEndian());
char** param = (char**) new (char*)[2];

param[0] = "../../test.raw"; //file name

param[1] = O;
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8 INPUT EXAMPLES

8.1 General description

The main steps to create an output data flow are the following:

1) create an InputPacketStream object;

2) create an object of the Input hierarchy

3) open the .stream file. This create the structure of the telemetry packets that should be generated.
4) open the Input object with the correct parameters

5) connect the I'lnputPacketStream object with the Input object created and opened

6) elaborate the Packets or ByteStreams objects

7) close the input (if it is necessary).

8.2 Example 1

lin this example the stream is read from file.

#ifdef HAVE CONFIG_H
#include <config.h>
#endif

#include <iostream.h>

#include <stdlib.h>

#include "InputSocketServer._h"
#include "InputPacketStream.h"
#include "Input.h"

#include "InputFile.h"
#include "Packet._h"

int main(int argc, char *argv[])

{

Input* in;

InputPacketStream ips;
ByteStream* bs;
bool endcycle = false;

//2) create input
in = (Input*) new InputFile(false);

//3) create the structure of the telemetry in memory
ips.setFileNameConfig('"../../../CAL-DFE-TE_configuration/BURST.stream);
ips.createStreamStructure();

//parameter of the input: file
cout << "INPUT: FILE"™ << endl;
char** param = (char**) new (char*)[2];
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param[0]
param[1]

“../../test.raw';
0;

//open input
in->open(param);

//5) set a particular input
ips.setlnput(in);

//6) input data elaboration

//7) close input
in->close();

8.3 Reading from a socket
Modification required in order to read the input from a socket::

//2) create input
in = (Input*) new InputSocketServer(true);

//4) parameter for input: socket server

cout << "INPUT: SOCKET SERVER 20001" << endl;
char** param = (char**) new (char*)[2];
param[0] = '20001"; //port

param[1] = O;

8.4 Reading a ByteStream
//6) elaboration of the input data

//read the byte stream from the input
while(lendcycle) {
cout << "Waiting data..." << endl;
bs = in->readByteStream(10);
if (bs 1=0) {
cout << bs->printStreamlnHexadecimal() << endl;

COUL << Mmoo " << endl;
}
else {
if(in->isEOF(Q))
endcycle = true;
}
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8.5 Reading a Packet

To read a packet from input:
Packet* p = ips.readPacket();

If the data read don’t contain a recognized packet, a pointer to PacketNotRecognized is obtained.
If p is correct, it is possible to elaborate the packet:

cout << p->getName() << endl;
cout << p->header->getFieldValue(4) << endl;

8.6 InputPacketStreamFile example
See the code of the QPacketViewer as example of the use of the InputPacketStreamFile class.
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9 EXAMPLE OF LAYOUT 4

The Layout 4 (see Interface Control Document) is the most complex layout of the PacketLib. The code
provided in this Chapter is useful to understand how to work with this type of layout. The example provided
comes from a telemetry generator.

This example illustrates in particular how to navigate a Layout 4 packet.

The example is based on the Layout 4 example and .packet and .rblock files described in the Interface
Control Document.

ByteStream* make3901() {

ByteStream* b;

SDFRBlock* sdf;

SDFRBBlock* bi, *bcX, *bcz, *TAA1l, *mcal;
static unsigned int sec = 0;

static unsigned short msec = 0;

//get the packet to elaborate
Packet* p = opstream->getPacketType(PACKET_3901); //3901

p->dataField->dataFieldHeader->setFieldvalue(3, 39); //type: the value 39 in the field 3
p->dataField->dataFieldHeader->setFieldvalue(4, 1); //subtype

//Get a pointer to the source data field
sdf = (SDFRBlock*) p->dataField->sourceDataField;

//set the number of blocks of the sdf
sdf->setNumberOfRealDataBlock(block_3901_events, 0); //N blocks for rtype 0O

//set the fixed part of the source data field - - ————————— -
sdf->setFieldvalue(0, 10); //set the value 10 in the field 0O
sdf->setFieldvalue 5 1(0, 12.3);

sdf->setFieldvalue_4_14(8, 123456789);

sdf->setFieldvalue(15, 1); //orbital phase
sdf->setFieldvalue(17, 3); //Grid conf mode

//work with variable part of the sdf ------------—— -

//for each block of the sdf, set the number of sub-blocks
for(int i=0; 1 < block_3901_events; i++) {
//get the block i of type 0 of the source data field
bi = sdf->getBlock(i, 0);
//set the number of blocks of sub-block of type 0 of block i of the sdf
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bi->setNumberOfRealDataBlock(block 3901_1, 0);
//set the number of blocks of sub-block of type 1 of block i of the sdf
bi->setNumberOfRealDataBlock(block 3901 _2, 1);
//set the number of blocks of sub-block of type 2 of block i of the sdf
bi->setNumberOfRealDataBlock(block 3901_3, 2);
//set the number of blocks of sub-block of type 3 of block i of the sdf
bi->setNumberOfRealDataBlock(block _3901_4, 3);
3

//EXAMPLE: work with the first block of the sdf

//get the first block of the sdf, bi
bi = sdf->getBlock(0,0);

//set the fixed part of the of the first block of the sdf
bi->setFieldvalue(13, 2730); //ACTOPCON
bi->setFieldvalue(15, 182); //SAIE 1 Upper thres

//set the fixed part of the sub-blocks of type 0 (called ST cluster)

for(int i=0; i<block_3901 1; i++) {
bcX = bi->getBlock(i,0);
bcX->setFieldValue(0,0); //FEB O
bcX->setFieldvalue(1,2); //CHIP 2
bcX->setFieldvalue(2,100); //strip
bcX->setFieldValue(3,101); //total charge
bcX->setFieldValue(4,102); //total width
bcX->setFieldValue(5,105); //c3
bcX->setFieldValue(6,103); //cl
bcX->setFieldValue(7,104); //c2
bcX->setFieldValue(8,104); //c4
bcX->setFieldValue(9,103); //c5

3

//set the fixed part of the sub-blocks of type 2 (called MCAL zero suppressed)
static int bar;
static int energy;
for(int i=0; i<block 3901 3; i++) {
mcal = bi->getBlock(i, 2);
mcal->setFieldvalue(l, bar++);
if(bar > 29) bar = 0;
mcal->setFieldvValue(3, energy++);
mcal->setFieldvValue(4, energy++);

}

//set the fixed part of the sub-blocks of type 2 (called TAAl triggered)
static int feb=0;
static int chip =0;
for(int i=0; i<block_3901 4; i++) {
TAAl1 = bi->getBlock(i, 3);
TAAl->setFieldvValue(l, feb++);
if(feb>11) feb = 0;
TAAl->setFieldValue(2, chip++);
if(chip>23) chip = 0;
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p->dataField->tail->setFieldvalue(0, 11);

//set the source sequence counter
p->header->setFieldvalue(5, ssc++);

//generate the packet
b = p->getOutputStream();

if(opstream->therelsPrefix()) {
if(opstream->getPrefixDimension() == 2)
b->setWord(0, p->getDimension());
T

return b;
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10 ANNEX A — CONSIDERATION ABOUT BYTESTREAM (ITALIAN)

Per gestire la memoria allocata da questa classe & necessario comprendere in dettaglio il funzionamento di
guesta classe e di tutti i suoi metodi. In particolare la classe puo lavorare in due modalita distinte dal punto di
vista della memoria:

¢ laclasse ha allocato la memoria necessaria per memorizzare lo stream di byte
e la classe non ha allocato tale memoria, ma gestisce solamente il puntatore byte*: la responsabilita
dell'allocazione di tale memoria €& esterna alla classe

A queste due modalita di funzionamento (allocazione/non allocazione) corrispondono anche due categorie di
costruttori:

1) costruttori che non allocano memoria

e ByteStream(bool bigendian=false): semplice costruttore.

e ByteStream(byte* stream, long dim, bool bigendian, bool memory_sharing): costruttore che richiede il
byte stream, la sua dimensione e la sua rappresentazione in bigendian format. Memory sharing indica
se la memoria deve essere condivisa tra piu ByteStream o meno. Se true la memoria viene condivisa
e quindi quando verra invocato il distruttore questo non deallochera memoria. Effettua lo swap dei
byte se necessario e memory_sharing=false.

2) costruttori che allocano memoria

e ByteStream(long size, bool bigendian): costruttore che alloca un byte stream di dimensione dim e con
una specifica rappresentazione

e ByteStream(ByteStream* b0, ByteStream* b1, ByteStream* b2): costruttore che unisce i ByteStream
passati come argomento (che pud anche essere 0, in questo caso non ha effetto) in un unico
ByteStream, allocando la memoria necessaria. La deallocazione dei ByteStream passati come
argomento rimane esterna alla classe.

Il distruttore dealloca la memoria occupata dal byte stream solamente se questa € stata da lui creata oppure
e stato passato dall'esterno un byte* con I'attributo memroy_sharing = false.

Sono presenti alcuni attributi statici per il monitoraggio del comportamento del programma

ByteStream risolve anche I'endianity. Questo implica che quando un byte* viene passato come argomento di
metodo o di costruttore, se I'architettura € little endian e si vuole un file bigendian viene effettuato lo swap
delle coppie di byte. Lo stesso nel caso di architettura bigendian e formato file little endian. Quando viene
restituito un byte*, prima di effettuare I'operazione viene rieffettuato lo swap.

Formato file Little-endian Big-endian
Architettura

Little-endian No Yes
Big-endian Yes no

L’attributo byte rimane per un accesso rapido, ma se si vuole inviare su output utilizzare
byte* getStream().

Non assegnare mai direttamente o leggere direttamente il byte* stream.
Questa classe € anche in grado di generare nuovi ByteStream a partire da ByteStream esistenti:

e ByteStream* getSubByteStream(word first, word last): non viene creata memoria. Consente a piu
ByteStream di condividere la stessa area di memoria, ottenendo un reference ad un sottoinsieme dello
stream iniziale (& attivo il memory sharing)
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e ByteStream* getSubByteStreamCopy(word first, word last): viene creata nuova memoria. Si ottiene un
ByteStream che dispone di una copia di parte dello stream (il memory sharing € disattivo)

e void ByteStream:: setStreamCopy (byte* b, unsigned dim): elimina lo stream presente e copia quello
passato come parametro. La classe ha la responsabilita di deallocare la sua copia locale, ma non il byte*
b passato come argomento. Effettua lo swap dei byte se necessario.

e bool ByteStream::setStream(byte* b, unsigned dim, bool bigendian, bool memory_sharing=true): elimina
lo stream presente e assegna direttamente il puntatore. La responsabilitd di deallocare la memoria
dipende dal valore del parametro memory _sharing. Effettua lo swap dei byte se necessario e
memory_sharing=false.

e bool ByteStream::setStream(ByteStream* b, word first, word last): elimina lo stream corrente e condivide
lo stream con un altro ByteStream. La responsabilita della gestione della memoria rimane del
ByteStream passato come argomento

mem_allocation indica se il distruttore deve deallocare il puntatore al byte*. True allora dealloca.

Per accedere direttamente allo byte* stream:
e hyte* getStream(): restituisce il byte* in rappresentazione big endian

Per le operazioni di output, sono presenti due metodi di basso livello, utilizzabili dai Device:

e byte* getOutputStream(): restituisce il byte* in rappresentazione dipendente dalla macchina
e void endOutputStream(): rimette il byte* in rappresentazione big endian

Richiamare il primo metodo, inviare lo stream ottenuto su output e quindi richiamare il secondo metodo.
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