
IITransport Stream MonitoringThis hapter starts with the disussion of the MPEG-2 Transport Stream(TS) struture and some issues related with the information transported bythe same. There are in fat parameters, as it will be made lear, that an bemonitored and will be helpful when trying to quantify transport impairmentsand hene, the e�etiveness of the error orretion ode for given hannel har-ateristis. Suh Transport Stream derived parameters will atually indiatethe quality of the stream arriving at the deoder, whih may vary aording tothe hannel oding tehnique employed. When transmitting video over IP, thedelivered Transport Stream might be subjet to impairments whih inludejitter or paket drops.The Transport Stream struture understanding is fundamental for theexperimental set up presented in Chapter IV. It is worth mentioning that thispaking method, whih organizes the information to be transported � video,audio and ontrol data � strutured as a TS, has been employed in mostprofessional IP video transmission systems up to date.MPEG-2 Transport Streams an be lassi�ed as Single Program Trans-port Stream (SPTS), arrying audio, video and data servies assoiated to oneprogram only or Multi-Program Transport Stream (MPTS), arrying serviesassoiated to multiple programs.As far as the video bit rate is onerned, a TS an present data at eithervariable bit rate (VBR) or at onstant bit rate (CBR) � these aspets willbe disussed later on.A desription of the struture of a Transport Stream Paket (TSP) andits omposition is next ensued.
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Chapter II. Transport Stream Monitoring 20II.1 Transport Stream StrutureA Transport Stream is a string of Transport Stream Pakets, TSP'sfrom now on. Eah TSP is a 188 1 bytes long paket, whih enapsulates dataprovided by the soure enoder, i.e., bytes drawn from, typially, an MPEG-2or MPEG-4 ompressed A/V data.For the purpose of this study, the message generated by the soure ofinformation, whih is to be transmitted to a remote user through the IPhannel2, onsist of two sequenes of bytes arrying audio and video (A/V)information. Let us designate this messages by the vetors mA and mV ,respetively.Figure II.1 shows the omponents of the three main bloks onerningproessing of audio and video (A/V) information into a Transport Stream andfurther into IP pakets, subjet to transmission.In the Soure Coding blok, mA and mV are proessed by the or-responding soure enoders, typially MPEG-2 or MPEG-4, for the videosequene and AAC (Advaned Audio Coding) or AC3 (Audio Coding 3) forthe audio sequene. The soure oding blok provides the so alled ElementaryStreams, represented by eA and eV .Next, in the System Coding blok, ea and ev are fed to Paketizers whihenapsulate this information into strings designated Paketized ElementaryStreams (PES), uA and uV , arrying audio and video information, respetively.Eah PES arries information from a single audio or video servie and isfed to the Transport Stream multiplexer (TS MUX) sub-blok, whih distrib-utes the symbols from uA and uV aross the TSP's and adds the assoiatedheader and programming information.The TS MUX sub-blok also multiplexes TSP's arrying informationfrom di�erent servies and auxiliary data into a single string of TSP's,originating the Transport Stream (TS), represented herein by the string ts.Finally, in the Channel Coding and IP Paketizing blok, the multipleTSP's will be enoded with an erasure protetion ode, a Fountain Code hereinand enapsulated into the network protools (RTP/UDP/IP) for transmission.1some standards de�ne an intra-paket Reed-Solomon ode, in whih ase the TSP willbe larger than 188 bytes, i.e. 204 byte pakets upon protetion with an RS[204,188℄.2 The IP hannel onsidered herein omprises single or multi-hop IP links, the Internet,a Loal Area Network (LAN) or a Wide Area Network (WAN), all subjet to paket dropsand jitter.
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21 II.1. Transport Stream Struture

Figure II.1: Composition and paketizing of Transport StreamsDe�nition II.1 (Paketized Elementary Stream � PES) The streams
uA =

(
ua(0), . . . ,ua(i), . . . ,ua(L− 1)

)and
uV =

(
uv(0), . . . ,uv(i), . . . ,uv(L− 1)

)of pakets of variable length derived from the streams uv and ua are denomin-ated Paketized Elementary Streams.Figure II.2 shows the TSP struture, represented by the onatenation oftwo main bloks: header, represented by sh and payload, represented by sp. Athird blok might be present inside the payload and is denominated AdaptationField. It arries relevant information onerning synhronization of the deoderand spliing 3.The header part of the paket is 4 bytes long. In this setion we areinterested in the header elements whih provide information onerning thequality of the inoming stream and these are listed as follows.1. (sh(0), . . . , sh(7)) � the �rst 8 bits of the header ompose the SynByte,whih is a bit pattern equal to '47'HEX.3Spliing onsists of swithing between di�erent Transport Streams, reating a newstream that may be deoded with minimal artifats around the spliing point. Spliingthat results in an unbroken sequene of frames is said seamless, whereas spliing resultingin a broken sequene of frames is said non-seamless. More details on spliing an be foundin [13℄.

DBD
PUC-Rio - Certificação Digital Nº 0711234/CA



Chapter II. Transport Stream Monitoring 222. sh(8) � Transport Stream Error Indiator (TEI), a single bit that maybe set by a lower level protool or a demodulator, if the TSP hasunorretable errors.3. sh(10) � Transport Priority. When this bit is set, it means that theurrent paket has a higher priority than other pakets with the samePID.4. (sh(11), . . . , sh(23)) � Paket Identi�er (PID), a 13 bits �eld identifyingthe type of information being arried by the inoming TSP. 45. (
sh(26), sh(27)

)� Adaptation Field Presene. When present, this �eld isarried in the payload blok and provides information for synhronizationof the deoder or spliing. The Adaptation Field is of high importanesine its absene or orruption auses more severe impairment in thedeoding of the inoming stream. We will review the signi�ane of theinformation arried in this �eld in the next sub-setions of this doument.The two-bit indiator an present the following states:� 01: no presene of adaptation �elds, payload only;� 10: presene of adaptation �eld only;� 11: presene of both the adaptation �eld and the payload.6. (
sh(28), . . . , sh(31)

) � Continuity Counter, a ounter that arries thepayload paket number.Further in the TSP, in the Adaptation �eld, if present, the following �eldsare of interest:1. (sa(0), . . . , sa(7)) � Adaptation �eld length;2. sa(10) � Elementary Stream priority, whih is set when the ES beingarried is of higher priority;3. sa(11) � Program Clok Referene (PCR)5 �ag, indiating the presene(PCR) �eld. This �eld will be explained in detail in the next sub-setion;4 All PIDs present in the stream and its assoiated meaning are desribed in ProgramSpei� Information Tables (or PSI tables) whih are also arried within the stream. CertainTSPs arry, in the Payload Field, information whih are not really payload but tables andother types of ontrol information. There are 4 types of PSI, namely, Program AssoiationTable (PAT), Program Map Table (PMT), Conditional Aess Table (CAT) and NetworkInformation Table (NIT). Detailed explanation of these tables ontent an be found in [3℄.5The OPCR is equally important when the stream is re-multiplexed. Sine we are notworking with re-multiplexed streams in the simulations herein, the OPCR will not beonsidered.
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23 II.1. Transport Stream Struture4. (sa(16), . . . , sa(58) � The PCR �eld;The PCR �elds are fundamental for the synhronization of the deoderand will be explained in the sub-setion that follows. The TS so built is theinformation that will feed the erasure hannel enoder, whih in our ase is aFountain enoder.

Figure II.2: Transport Stream strutureAt the reeiving end, the reeived TS is proessed in order to retrieve thesoure A/V information. Fig.II.3 shows the reeiver end with the deoding andde-multiplexing work�ow. The hannel enoded paket string that transversethe hannel is the string that reahes the hannel deoder � a Fountaindeoder herein.The output of the erasure hannel deoder is the string of TSP's, whihmay have been orrupted by the hannel, delivered to the Transport Streamde-Multiplexer. The role of the de-multiplexer is then to de-enapsulate thevarious PES's � or more formally, to retrieve the pair (uA,uV

) reovered atthe reeiver end. The (
uA,uV

) pair is forwarded to the orresponding souredeoders. Proper funtioning of the soure deoders is heavily dependenton synhronization information, whih has been reovered from the reeivedTS in the proessing performed by the demultiplexer. This synhronizationinformation is transferred to the lok ontrol module, whih interfaes with
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Chapter II. Transport Stream Monitoring 24both the video and audio soure deoders.

Figure II.3: Transport Stream de-multiplexingAs far as re-multiplexing apabilities onern, both the multiplexer andde-multiplexer presented provide the ability of re-multiplexing programs inthe streams as demanded by the user. For instane, it is possible to selet oneservie from an inoming MPTS and make a new SPTS out of it. It is alsopossible to selet any subset of programs from an inoming MPTS and makea new di�erent MPTS with these programs. Finally, it is possible to ombineservies from multiple streams into a new MPTS.So far we reviewed the Transport Stream struture, its multiplexing andde-multiplexing work�ows and its main �elds for deoder synhronization anderror indiation at the reeiving side. The next sub-setion will present moredetails onerning synhronization.II.2 Transport Stream SynhronizationTransport Streams are intended for transmission over mediums wherethe end-to-end delay is onstant. That being said, the rate at whih thesignal is being output from the deoder is equal to the rate at whih thatsame signal was input to the enoder. The Transport Stream deoder needsinformation present in partiular positions of the inoming stream in order forit to synhronize itself and present the audio and video ontents appropriately.The end-to-end delay is the sum of the individual delays assoiated toeah of the steps omprised in enoding, transmitting and deoding. Delaysare inurred in the following steps:
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25 II.2. Transport Stream Synhronization� bu�ering in the TS multiplexer;� transmission or storage of the Transport Stream in a media;� bu�ering in the TS de-multiplexer;� soure deoding and A/V exhibition.The onstant rate onstraint enforement while deoding a given pro-gram, has to be alulated at the deoders, diretly from the reeived stream(without any further external referene) by means of data obtained at spei��elds in the stream. This aspet will be explained in the sequel.The program being deoded is a sequene of segments with a bit rate,measured in terms of the System Clok Frequeny, spei� to the time intervalassoiated to eah segment. The notation System Clok Frequeny is usedto refer the frequeny of a lok, with value fscr = 27 MHz, onstrained toa maximum allowed deviation of 810Hz and a deviation rate that has to besmaller than 0.075.The time ti at whih the i-th byte has to enter the deoder is de�ned bythe bits loated in �elds designated by Program Clok Referene (PCR). Thebits of the PCR are loated in the appropriate �eld within the AdaptationField of the Transport Stream pakets whih arry the PCR �eld, referred toas PCR TSP. It should be realled that PSI tables inluded in the streamidentify the PCR PIDs. The spei� loation is indiated in �gure Fig. II.2.(a) Rate alulation at the deoderThe PCR provides su�ient information to the deoder for estimatingthe arrival time for eah byte. This arrival time information is used by thedeoder for managing the input bu�er. Network jitter may ause the bytes toarrive in the wrong time intervals, not expeted by the deoder, whih mayause the input bu�er of the deoder to under�ow or over�ow.The equation
t(ℓ) =

PCR(ℓ′′)

fscr
+

ℓ− ℓ′′

Trate(ℓ)
. (1)yields t(ℓ), the orret time of entrane in the deoder of the ℓ-th payload byte,bearing in mind that:� ℓ′ is the index of the byte ontaining the last bit of the immediatelyfollowing Program Clok Referene Base �eld (PCRbase), with value

PCRb, appliable to the program being deoded;
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Chapter II. Transport Stream Monitoring 26� ℓ′′ is the index of the byte ontaining the last bit of the most reentPCRbase �eld appliable to the program being deoded;� ℓ, ℓ′′ ≤ ℓ ≤ ℓ′, is the index of any byte in the TS;� PCR(ℓ′′) is the time obtained from the values stored on the �elds knownas PCRbase and PCRext.The time interval between two PCR (two time stamps) annot exeed40ms. The PCR is used to reonstrut the system lok employed in the enoderat the deoder. The values of two onseutive PCRs, namely PCR(ℓ) and
PCR(ℓ+ 1), do provide the means for the deoder to alulate the TransportRate Trate(ℓ) assoiated to a partiular segment (the ℓ-th segment) of theprogram:

Trate(ℓ) =
(ℓ′ − ℓ′′)fscr

2
PCR(ℓ

′)− PCR(ℓ
′′) (2)

(b) Transport Stream MeasurementsThe set of Transport Stream measurements of the Standard presentedin [23℄, simply known as ETR101290, is widely adopted by measurement andprobing equipment manufaturers. The standard also de�nes measurementsat RF levels, but these are not of our interest for the present work. Theparameters spei�ed provide information about the quality and deodabilityof the inoming TS. In [6℄ and [26℄ pratial PCR measurement guides arepresented. The parameters onerning Transport Streams presented by theAdvaned Television Systems Committee, In. in [2℄ are also useful for thepurpose herein.The ETR101290 groups the Transport Stream related measurements inthree levels of priority:Priority 1 omprises a list of parameters onsidered indispensable for properdeoding;Priority 2 omprises the parameters onsidered reommended for periodimonitoring;Priority 3 omprises parameters whih monitoring might be of interest de-pending on the appliation.The �rst two alarms of our interest are listed as Priority 1 alarms anddenominated TS_sync_loss and TS_sync_error. Both are assoiated to
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27 II.2. Transport Stream Synhronizationthe presene of the Syn Byte in the header of the TSP. The Syn Bytewas de�ned in the previous setion about Transport Stream struture. If twoor more onseutive Syn Bytes are orrupted, a TS_sync_loss alarm isdelared by the Transport Stream analyzer. If only one Syn Byte is orruptedor missing, a TS_sync_error is delared. The Syn Byte measurement isritial, sine this �eld is neessary for the deoder to "lok" itself to theinoming stream and start deoding the pakets sequene. Aording to thesystem standard presented in [3℄, �ve onseutive Syn Bytes should be enoughfor the deoder to synhronize itself to the inoming stream.The next alarm onsidered herein is denominated Continuity Error andis also lassi�ed as Priority 1. This parameter monitors the inrementing ofthe Continuity Counter, explained in the previous sub-setion. It is expetedto inrement by one as a new paket for a given PID reahes the deoder andloops from the value 'one' through '�fteen'. The Continuity Counter alarm isuseful in our ase beause it indiates the absene of a partiular TSP, whatwill happen in the event of an IP paket drop. The Continuity Error alsoindiates that pakets are arriving out of order, whih may not be handled bythe bu�er in the deoder. Finally, the Continuity Error identi�es pakets thatare transmitted dupliated, indiating a problem at the enoding side.
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