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Resumo

Foi estabelecida pelo grupo MPEG (Moving Picture Experts Group) uma norma que define a
representacéo codificada de video e 4udio associado para armazenamento ou transmissao
digital. A especificagio MPEG Sistema aborda a combinagdo de um ou mais fluxos, juntamente
com informacdo de sincronismo, num Gnico fluxo muitiplexado.

Este texto descreve o desenvolvimento de uma ferramenta em software para a simulagéo e
teste de fluxos conformes com a norma MPEG Sistema (mais precisamente, fluxos de
transporte MPEG-2).

E mencionada a motivacdo deste trabalho e o contexto em que se realiza. Apés uma breve
descrigéo do contelido e evolugéo da norma, passa-se & sua implementagéo prética, através da
construcdo de uma estrutura de multiplexagem e desmultiplexagem. S&o discutidos os aspectos

mais relevantes da norma e das opg¢des tomadas.

ABSTRACT

The MPEG (Moving Picture Experts Group) established a standard that defines the coded
representation of video and associated audjo, for digital storage and transmission. The MPEG
Systems specification addresses the problem of combining one ore more data streams with
timing information to form a single muitiplexed stream.

This text describes the development of a software tool for the simulation and testing of MPEG
System bitstreams (in particular, MPEG-2 transport stream).

The motivation for this work and its context is explained. After a brief description of the standard
contents and its evolution, one is taken to its practical implementation, through the building of a
multiplexing and demuifiplexing structure. Relevant aspects of the standard and options taken are

discussed.
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Introducéo

1. INTRODUCAO

1.1 Motivagdo

O interesse pelas novas tecnologias de informagéo e comunicagdo € generalizado. A
comunidade cientifica, fabricantes, governantes e a imprensa tém vindo a estimular o
surgimento de elevado numero de teleservigos com requisitos diferentes e por vezes dificeis
de prever, para satisfazer (e criar) as necessidades de uma populacdo heterogénea

constituida por clientes domésticos e pelo mundo empresarial.

A transicdo de ambientes analdgicos para ambientes digitais e os avangos significativos em
software, hardware e redes de comunicagdo, a par de um esforgo de normalizagéo a nivet
mundial, tém permitido conceber a combinagdo de dados, texto, graficos, imagens fixas,
video e som em aplicagdes multimédia cada vez mais adaptadas a comunicagdo humana.

Muitas destas aplicagdes, apesar da publicidade em torno delas, encontram-se ainda em
fase de desenvolvimento experimental. O fabricante, devido ao rapido evoluir dos
acontecimentos, enfrenta um elevado nimero de decisbes, desde o sistema de compresséo,
passando pelo sistema de transmisséo, até ao terminal do utilizador. Verifica-se que as
maiores dificuldades estdo no funcionamento do sistema na sua totalidade, mesmo que as

partes que o constituem se encontrem devidamente testadas.

A normalizagéo, para além de aumentar a economia e a compatibilidade, assume particular
relevancia na contribui¢do para a boa articulagfo entre as partes do sistema.

O video é um dos tipos de dados que tem maior interesse comercial, mas também
apresenta maiores exigéncias em termos de largura de banda. Assim, o assunto da
compress#o de video tem vindo a merecer grande atengéo. A norma MPEG (Moving Picture

Experts Group) surgiu para responder a essas necessidades.

Esta dissertacdo realiza-se no ambito da norma MPEG ao nivel de sistema, onde o centro
das atencBes se concentra na sincronizagdo entre video e audio e o transporte dos varios

tipos de dados necessarios para as aplicagbes multimédia.
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Introducac

1.2 Objectivos

Pretende-se o estudo da norma MPEG ao nivel de sistema, com vista ao desenvolvimento
de simuladores e de software de teste de fluxos bindrios codificados. A andlise da
arquitectura do instrumento produzido permitirda uma melhor compreenséo da abrangéncia
da norma e das suas possibilidades em termos de aplicagéo pratica.

Para o efeito, procedeu-se ao desenvolvimento de um sistema de muitiplexagem e
desmultiplexagem, possibilitando o sincronismo entre dudio e video, para a validagéo de
fluxos binarios concordantes com a norma, em ambiente UNIX ou MS-DOS.

A investigacdo feita baseou-se principaimente no documento da norma, devido & presente

escassez de outras publicagdes no que concerne os aspectos de sistema.

Quanto a estrutura da tese, € de referir:

« no capitulo 2 é feita uma breve referéncia a aspectos gerais do contexto que motivou o

desenvolvimento da norma.

e no capitulo 3 a norma MPEG é sumariamente descrita em termos do seu conteGdo e

evolugdo.

e nos capitulos 4 e 5 surge o projecto propriamente dito: como em consequéncia da
interpretacdo, organizagdo e condensagdo da norma se procedeu a construgdo de
soffware para a sua implementacdo parcial, descreve-se aqui 0 método adoptado na
elaboracéo da referida ferramenta, bem como as suas caracteristicas mais relevantes.
Finalmente, apresenta-se o codigo desenvolvido para facilitar a visualizag8o de tais

caracteristicas.

e no capitulo 6 séo feitas consideragdes finais e apontam-se possiveis evoluctes do tema.
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2. CONTEXTO

O surgimento de uma multiplicidade de novas aplicagdes audiovisuais multimédia & um
facto, e a norma MPEG desempenha um papel importante no seu desenvolvimento; cite-se
como exemplo a televisfo de alta definicdo HDTV (The Grand Alliance, 1995: Fox, 1995;
Ninomiya, 1995, Chiang, 1994).

Para se poder falar da norma MPEG é necessério referir o contexto que a motivou e onde se
processou a sua evolugdo. Aborda-se o conceito de DSM (Digital Storage Media), revéem-se
nogdes gerais de compressdo de dados e faz-se o enquadramento de acordo com o0s

organismos de normalizagéo.

2.1 Meios de Armazenamento Digital

A capacidade dos Meios de Armazenamento Digital (DSM) tem vindo a aumentar
rapidamente na dltima década. O conceito de DSM inclui ndo s6 os equipamentos de
armazenamento convencionais mas também os canais de comunicagdes. A sua capacidade
podera, portanto, ser caracterizada pelo armazenamento de bytes (ou bits) e/ou pelo déhito

da transferéncia de dados (bytes ou bits por segundo).

Em 1985, surgiu o CD-ROM (Compact Disc Read-Only Memory) como o0 meio de
armazenamento para distribuigdo de grandes quantidades de dados (cerca de 650 MBytes),
mais eficiente em termos de custo devido a sua popularidade. Em 1993, foram vendidos
cerca de 7 milhdes de leitores (Asthana, 1994). Relacionado com o CD para audio, suporta o
acesso directo a sectores individuais de dados, permitindo uma velocidade de transferéncia
entre os 1,5 Mbit/s e 5 Mbit/s.

Existern muitos outros meios de armazenamento, comegando pela simples diskette (1,5
Mbps), passando pelo Laser Disk e pelos discos Bernoulli, Floptical, WORM e Opto-
magnéticos. Anunciam-se j& novos desenvolvimentos, como o SD-DVD (Super Density
Digital Video Disc), talvez disponivel em 1986, com previsbes de vendas na Europa de 3

milhes de equipamentos de leitura (Fonseca, 1995).
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No que diz respeito as redes de comunicagdo, a variedade também é grande: Ethernet,
Token Ring e FDDI sdo as mais conhecidas. Verifica-se que as ligagbes de fibra optica sdo a
maneira mais eficaz, em termos de custo, para transmitir rapidamente grandes volumes de
dados digitais. Contudo, a pesquisa nesta area € muito intensa, sendo a evolucdo acelerada

e dificil de prever.

A literatura sobre o assunto é extensa, podendo-se encontrar facilmente mais referéncias:
Fox, 1991; Comerford, 1994; Cole, 1993.
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2.2 Esquemas de compressao

A compress&o & essencial para o uso de 4udio, imagens e video em ambientes digitais. Sem
ela, um Mbyte de espago & ocupado por cerca de seis segundos de dudio de qualidade CD,
por uma Unica imagem de 640 x 480 pixeis com cor de 24 bits ou por um unico quadro (1/30
s) de video CIF. Tem havido muita pesquisa neste campo, existindo muitiplas
implementagfes que utilizam software, hardware ou ambos para uma grande variedade de

métodos de compresséo (Fox, 1991).

A figura seguinte mostra uma classificagéo possivel dos varios métodos:

Compressao

Decomposicéo
Aritmética

Huffman

Run length
Lempel Zev 9

Orientada para

a frequéncia JPEG

Compensagcéo de

Orientada para a i
Movimento

MPEG

importancia
Transformada Sub-banda
yd \ Alocagéo de bit
Filtragem

Quantificagéo
Subamostragem
Escalar Vectorial

Figura 1. Esquemas de compressao {Fox, 1991)

Nos esquemas sem perdas (Lossless) a informagdo original pode ser perfeitamente
recuperada. N&o é adicionado ruido ao sinal (noiseless) e as redundéncias séo eliminadas
através de técnicas estatisticas ou de decomposicdo (entropy coding). Como exemplos
temos a codificacdo de Huffman, que usa menos bits para os simbolos mais comuns, e a
codificagdo run-length, que substitui sequéncias de simbolos iguais por pares simbolo-
contagem. Estas técnicas proporcionam taxas de compressdo ndo superiores a 3:1, sendo
utilizadas apenas para aplicagbes especiais (e.g. imagens médicas).
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A aproximagdo de compressdo com perdas (Lossy) aproveita as ndo linearidades das
capacidades analiticas do sistema visual e auditivo humano para proporcionar codificagdes
com grandes taxas de compressdo (de 10:1 a 50:1 em imagens fixas; de 50:1 a 200:1 em
sequéncias video) que, quando descodificadas, sdo subjectivamente similares ao original.

As técnicas preditivas (Predictive) fazem o calculo de valores subsequentes pela
observacdo de valores prévios e transmiss&o das diferengas (normalmente pequenas) entre
os dados reais e calculados.

Um exemplo é a compensacdo de movimento, que se baseia no facto de imagens
consecutivas numa sequéncia video serem quase iguais ou terem um bloco de pixeis
ligeiramente translaccionados. Esta técnica pode utilizar preditores causais (predigéo pura),
em que se usam valores anteriores para o cdlculo do novo valor, de implementagéo
relativamente simples e com perdas de qualidade localizadas, ou preditores ndo causais
(codificagdo interpolativa), em que se usam vizinhangas codificadas conjuntamente ou por
blocos (usando transformadas), permitindo maior eficiéncia, embora com a desvantagem de
as degradacbes se estenderem a toda a imagem. Espera-se que o desenvolvimento de
processadores paralelos e redes neuronais facilite a analise de imagens e producéo de

vectores de movimento.

Dada a diferente sensibilidade do Homem as varias combinagdes de frequéncia espacial e
temporal, utilizam-se técnicas de compressdo orientada para a frequéncia (Frequency-

oriented).

A codificacdo de sub-banda separa (utilizando filtros, por exemplo) as combinacdes de
frequéncia, codificando com mais fidelidade aquelas mais importantes para a percepcao
humana.

A codificagdo com transformadas normalmente envolve frequéncias espaciais (e.g. em
imagens isoladas). A aproximag&o mais comum aplica a transformada discreta do co-seno
DCT (Discrete Cosine Transform), que é relacionada com a transformada rapida de Fourier.

Na compressdo orientada para a importancia (Importance-oriented) usam-se outras
caracteristicas, em vez da frequéncia. Um exemplo é o da filtragem das imagens,
eliminando detalhes que n&o podem ser percebidos. Ou entéo, a codificagdo com mais bits
de partes importantes da imagem, como as orlas (edges), em detrimento de regibes
homogéneas e grandes. Pode-se também, fazer subamostragem (menos bifs para a

crominancia).
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A quantificag8o escalar mapeia os varios valores num namero fixo de hits, enguanto que a
quantificagdo vectorial usa vectores de valores bidimensionais, por exemplo, @ mapeia-0s
num simbolo de codigo. Séo usados conjuntos de cédigos das imagens, com os vectores
mais importantes. Os vectores de dados s&o aproximados. minimizando o erro quadratico

médio.

A codificacgdo hibrida (Hybrid coding) combina varias aproximacdes. Por exemplo: DCT e
ADPCM: codificagdo de sub-banda e DCT; ADPCM e quantificagdo vectorial.

Os sistemas e normas para compressdo video muitas vezes aplicam compensacédo de
movimento para compressdo temporal, codificagdo com transformadas para compresséo
espacial, e codigos de Huffman ou aritméticos para compressao estatistica. A norma em

estudo faz uso deste tipo de codificagéo.
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2.3 Normalizacédo de servigos Audiovisuais Multimédia

As relacbes entre as entidades que emitem recomendagdes e normas tém-se modificado &
medida que as fronteiras entre 05 varios servigos se tornam vagas e se assiste & integragéo
de varios tipos de dados. Verifica-se uma maior colaboragéo entre as vérias organizagdes e
a elaboracio de textos comuns. Por outro lado, para além dos organismos oficiais, surgem
conséreios cujas normas de facto tém uma forte influéncia na evolugdo das normas formais,

resultando num processo mais orientado para o mercado.

Segundo o ITU-T', a normalizacdo de servigos &audio visuais multimédia assenta nos
seguintes pontos (Asatani, 1994):

o Definicéo do servigo.

s Método de codificaco de informacéo audio e video.
« Tipo de servigos telematicos.

« Definigdo de sinalizagéo (controlo de terminais).

« Meétodo de muitiplexagem dos sinais.

» Modo de comunicagéo entre terminais.

o Avaliacdo do grau e da qualidade de servigo.

O estudo da normalizagio sobre teleconferéncia, conferéncia dudio-gréfica e servigos
telematicos tem sido levado a cabo pelos grupos de estudo SG (Study Groups) 1, 8,12 e 15,

tendo dado origem a séries de recomendagdes nas varias areas:

e Série F: definicbes de servigo;

¢ Série G: codificacdo de judio;

« Série H: modo de comunicacéo: fungéo de controlo do meio; controlo de sinais;
construcdo de terminais; codificacdo de video, método de multiplexagem para
video, audio e dados;

e Série |: protocolo de acesso;

« Série P: qualidade de comunicagao;

+ Série T: servigos de dados/telematicos.

' International Telecommunications Union - Telecommunication Standardization Sector, originario,
depois de reorganizado em 1993, do CCITT (Comité Consultatif International de Telegraphie et
Telephonie).
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A coordenacdo dos varios grupos é feita pelo JCG (Joint Coordination Group).

Nestas areas, em colaboracdo com o ITU-T, e desenvolvendo trabalho de acordo com
outros pontos de vista, surgem também o ITU-R? e o ISO/EC JTC 1° este ultimo
organizado em SC (Sub-Committees) e WG (Working Groups). Na figura seguinte mostram-

se 0s grupos cujas actividades se inter-relacionam:

ITU-T ISO/IEC JTC1

SG1 Definigdo de servigos. SC18 Processamento de documentos e
comunicagdes relacionadas.

F 3
A 4

SG8 Terminais para servigos teleméticos.

SG11 Comutagéo e sinalizagao.

SG13 Aspectos gerais de redes.

SC24 Graficos de computador e processament
de imagem.

SC29 Representagao codificada de informacéo
audio, video, multimédia e hipermédia:

SG15 Sistemas e equipamento de transmisséo*

por-pixel limitada (JBIG).
*0 SG15 lidera o grupo de coordenagdo JCG.

(JPEG).

ITUR WG11  Animacgéo e dudio associado (MPEG
_ _ ‘ < »  WGI2 Objectos de informagio multimédia ¢

SGl1 Servigo de difuséo (televiséo). hipermédia (MHEG).

WG9  Imagens fixas bi-nivel de relac¢éo bit-

WG10 Imagens fixas digitais de tom contint

Figura 2. Grupos relacionados com a normalizagéo de servigos audiovisuais multimédia no ITU
e [SONMEC JTC1 (Asatani, 1994).

A normalizacdo de técnicas de compressdo de dados, principaimente a codificaco de
video, tem sido um dos pontos de grande desenvolvimento e centro das atengbes dada a

sua importancia.

Até muito recentemente os fabricantes de sistemas de videoconferéncia usavam algoritmos
proprios e ndo compativeis, impedindo a comunicagdo com equipamentos de outros
fabricantes. A maioria das actividades de estandardizag&o para a codificagdo de video
iniciaram-se com o trabalho do CCITT sobre videoconferéncia e videotelefonia (Warwick,
1993). Em fins de 1990, através da recomendacdo H.320, comegaram a ser ratificadas uma
série de normas de inter-operabilidade de videoconferéncia que tinham sido um ponto de

2 nternational Telecommunications Union - Radiocommunication Sector, originario do CCIR
(International Consultative Committee on Broadcasting).

® International Standards Organization / International Electrotechnical Commission - Joint Technical
Committee 1.
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partida para grupos com interesses noutros segmentos do mercado do video digital. Estas
normas, para a compatibilidade na compressio, transmisséo, troca e apresentagéo de audio
e video, incluem, entre outras, a recomendagio H.261 sobre codificagdo de video a p x 64
kbps.

Em face da convergéncia, cada vez maior, entre a industria das telecomunicagses,
computadores e electronica de consumo, através da partilha de tecnologia digital, a 15O
fomentou um esforco para o desenvolvimento de uma norma para video e audio associado
em DSM, conhecido como MPEG® (Le Gall, 1991). As actividades deste grupo (ISO/IEC JTC
1/ SC29/WG11 - ver Figura 2) comegaram em 1988 e cobrem, para além da compresséo de
video e audio, os aspectos ligados & sua sincronizagdo e multiplexagem dos fluxos de dados
resultantes. Inicialmente, para débitos na ordem dos 1,5 Mbps, a norma MPEG, numa
segunda fase dita MPEG-2, contempla débitos maiores, formatos de video com qualidade
parametrizavel e transmissdo em meios sujeitos a ruido. Encontra-se em planeamento uma
fase MPEG-4 para aplicagdes de débito muito baixo (e.g. televigildncia). A colaboracgio
entre a ISO e o ITU é estreita, sendo os documentos submetidos a aprovagéo elaborados
em conjunto.

Inicialmente, no mesmo grupo de trabalho da 1SO, o JPEG’ foi bastante importante para o
desenvolvimento do MPEG, devido a sua actividade no estudo da compresséo de imagens
fixas (Le Gall, 1991). O MPEG faz uso de sequéncias de imagens, mas aproveitando a

redundancia entre elas.

Em adicfio a codificagdo, sAo necessarias normas para as camadas superiores do processo
de desenvolvimento de aplicacBes multimédia. Neste contexto, tém surgido varios esforgos
organizados, tais como o MHEG® e o HyTime' (Fox, 91).

O ITU-T SG 15 considera trés areas de estandardizagdo, relacionadas com
desenvolvimentos futuros de servicos audiovisuais muitimédia (Asatani, 94). A primeira area
abrange a regulamentagdo destes servigos no &mbito da RDIS-BL®, onde a codificacéo de
video, segundo a recomendac¢do H.262 (MPEG-2), é uma das tecnologias centrais. A
segunda area contempla a normalizagéo dos servigos multimédia implementados em redes
méveis ou na rede telefénica, estando prevista para finais de 1996 uma recomendagio

* Moving Picture Experts Group.

® Joint Photographic Experts Group.

® Multimedia and Hypermedia Information Coding Expert Group.

T ISO/IEC 10744.

® Rede Digital com Integragdo de Servigos, de Banda Larga, cujas recomendagdes basicas foram
concluidas em 1990 pelo CCITT SG 18 (hoje ITU-T 8G 13). E considerada a plataforma chave para o
futuro das comunicagbes multimédia e aplicagbes de alta velocidade {de Prycker, 1991),

pagina 12



Contexto

revista e integrada sobre videotelefones. Na terceira area serdo melhoradas recomendagées

existentes usadas na RDIS® (e.g. teleconferéncia muitiponto e questdes de seguranca).

Fora destas organizagbes de normalizagdo h4 uma variedade de actividades que poderéo
afectar todo o desenvolvimento das normas. Um dos exemplos € a Internet, onde decorrem
muitas experiéncias e onde ja existem alguns servigos disponiveis. Por exemplo, a WWW
(World Wide Web) disponibiliza bases de dados com texto e elementos audiovisuais 24
horas por dia. Qutro exemplo é o surgimento de grupos como 0 IETF', cujas discussdes
sobre varias especificagdes poderfo vir a ter impacto na sua normalizagao.

Devido ao objectivo do presente trabalho, no capitulo seguinte é feita uma descricao do
desenvolvimento e do conteido das normas MPEG.

° Rede Digital com Integragéo de Servigos, de banda estreita (Nunes, Casaca, 1992).
% Internet Engineering Task Force.
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3. ASPECTOS DA NORMA MPEG

3.1 Fases

Em 1988, o esforco de estandardizagdo do grupo MPEG pretendia obter resultados
rapidamente, de modo a evitar o aparecimento de mltiplas normas de facto incompativeis
entre si. O objectivo era a definigdo de métodos eficientes de armazenamento e
recuperagdo, em tempo real, de sinais de video e dudio associado, usando um débito binario
até 1,5 Mbps (um valor tipico para CD). Com aplicagdes multimédia interactivas em vista,
estipularam-se débitos na ordem dos 1,2 Mbps para video e 250 Kbps para dois canais de

audio.

Para isso, seguiu-se uma metodologia onde, depois de identificados todos os objectivos
sobre os quais deviam ser concentrados os esforgos, as véarias entidades que compunham o
grupo entraram em competicdo entre si, apresentando propostas para analise e teste.
Finalmente, foi feita a convergéncia, de uma forma cooperante, onde as ideias e técnicas
mais prometedoras foram integradas numa unica solugéo (Le Gall, 1991). Depois de ter sido
apresentado em 1990, de acordo com o calendério estabelecido, o esbogo da norma
(Committee Draff), esta foi aprovada por unanimidade em Novembro de 1992 e publicada no
documento ISO/IEC 11172,

O sucesso deste empreendimento foi tdo grande que foi langada uma segunda fase,
apelidada de MPEG-2, estendendo os objectivos da fase anterior, dita MPEG-1, para
contemplar débitos de video de qualidade crescente (desde 3 Mbps até 15 Mbps, para
televisBo convencional; superiores, para HDTV') e novas frequéncias de amostragem de
sudio. Esta fase foi iniciada em 1991 e concluida em 1994, incluindo os objectivos
entretanto programados para uma terceira fase (Ferreira, 1994). Espera-se a sua adopgéo
pelo ITU e pela ISO ja em 1995,

Existe agora a fase MPEG-4 que visa débitos reduzidos, na ordem das dezenas de Kbps.

" High Definition TV.
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Os documentos MPEG s&o publicados em quatro partes:

e Parte 1 - Sistemas. Define uma estrutura multipiexada para combinagéo de dados dudio
e video e representacdo da informag#o temporal necesséria para a sua apresentacéo
sincronizada, em tempo real.

e Parte 2 - Video. Especifica a representagdo codificada de video e o seu processo de

descodificago.

e Parte 3 - Audio. Especifica a representagdo codificada de Aaudio e o processo de
descodificagdo necessario para reconstruir o sinal.

o Parte 4 - Testes de conformidade. Procedimentos para determinagdo das
caracteristicas dos fluxos de bits codificados e do processo de descodificago, bem como

para teste de conformidade com o estabelecido na norma.

Seguindo esta organizagio, os pontos seguintes procuram explicar de uma forma sumaria o
que esta por tras de cada uma das trés primeiras partes. Como o foco do trabalho séo as
especificagbes de sistema, o video e o audio s8o ilustrados recorrendo a fase MPEG-1,

relevando os aspectos mais importantes.
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3.2 Video

3.2.1 Normas relacionadas

JPEG (Joint Photographic Experts Group)

A norma JPEG é um algoritmo geral para codificagdo de imagens fixas, desenvolvido para

ajudar a captura de imagens individuais numa sequéncia video.

Normalmente, & utilizada codificagdo sequencial usando quantificagdo escalar da
transformada DCT e codificagdo de Huffman (ou aritmética) para compressdo. O
descodificador reverte o processo (o algoritmo é simétrico). As aplicagbes controlam a

quantificagdo e as tabelas de Huffman (Ang, 1891).

Cada componente da imagem original (e.g. Y, U e V) é dividida em blocos n&o sobrepostos
de 8x8 pixeis. Estes blocos séo transformados usando uma DCT de 8 por 8, obtendo-se 64
coeficientes que representam o contetido em termos de frequéncia do bloco. O valor do
coeficiente no canto superior esquerdo mede o termo dc (frequéncia nula). Os outros valores
s40 termos ac que medem a energia do sinal com o aumento da frequéncia horizontal, da
esquerda para a direita, e com o aumento da frequéncia vertical, de cima para baixo. Uma

imagem 8x8 de valor constante, por exemplo, apenas tem o termo dc diferente de zero.

Em seguida, os coeficientes DCT sdo quantificados. O passo de quantificagdo varia com o
componente (por exemplo, a luminancia € mais importante para o otho humano que a
crominancia) e com a frequéncia (os coeficientes de maior frequéncia sdo subjectivamente

menos importantes).

Apés a quantificagéo, os coeficientes séo reordenados num vector, através de uma leitura
em zig-zag que os coloca aproximadamente em ordem crescente de frequéncia, e
codificados sem perdas com o algoritmo de Huffman (codificagéo de comprimento variavel).
A codificacdo dos termos dc e ac é feita com pardmetros diferentes para aumentar a

eficiéncia.

A norma inclui modos opcionais de compresséo e descompress&o. E suportada codificagéo
progressiva, onde a imagem é codificada usando véarias passagens, permitindo ao utilizador
visualizar versbes da imagem cada vez mais detalhadas. E também especificada

codificagdo hierarquica, onde imagens de mais baixa resolugdo sdo acedidas antes de
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imagens de maior resolugdo. Uma extensdo do algoritmo, utilizando um preditor e
codificador de entropia, permite codificagdo sem perdas.

Recomendacio CCITT H.261

Esta recomendacao especifica um método de comunicagdo para videotelefonia. E também
referida como p x 64, pois pode ser usada para produzir sequéncias video comprimidas a
débitos de p x 64 Kbps, sendo p um inteiro entre 1 e 32. Para p = 1, apenas & possivel
transmitir um sinal de baixa qualidade. Para p = 32, transmitem-se sinais video de aita
qualidade a 2 Mbps (Ang, 1991).

A organizagdo e interpretagio dos bits é especificada de modo a que codecs de fabricantes
diferentes possam estabelecer uma sessdo. Embora o codificador CCITT seja mais
complexo que o JPEG, o descodificador € mais simples.

A codificacdo hibrida conjuga a transformada DCT (para blocos 8x8) e a codificagéo
preditiva (com estimagdo de movimento envolvendo blocos de luminéncia 16x16), usando
memoéria para comparagio de macroblocos. A codificagdo espacial utiliza DCT seguida de
quantificagéo escalar. Um filtro em anel remove ruido de alta frequéncia. Dependendo do
preenchimento do buffer de saida, o tamanho de quantificagdo pode ser variado para

modificar o débito. Um multiplexador providencia codificagéo estatistica.

3.2.2 MPEG

3.2.2.1 Algoritmo ISO/IEC 11172-2

O algoritmo assegura caracteristicas desejaveis para uma gama variada de aplicagdes:
acesso aleatério; pesquisas rapidas para a frente e para tras; visualizag8o para a frente e
para tras; sincronizacdo audio e video, robustez contra erros, atrasos limitados a 150 ms;
editabilidade.

Tal como na recomendagdo H.261, o algoritmo proposto usa compresséo infra-frame
(imagem a imagem) e inter-frame (entre imagens). Por um lado, os requisitos de qualidade
exigem o ganho em eficiéncia da compressao inter-frame; por outro lado, a acessibilidade ao

fluxo comprimido é facilitada pela compresséo intra-frame. A funcionalidade do diagrama de
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blocos do codificador H.261 & em grande parte, aplicavel. Contudo, os detalhes da

quantificacdo e compensacdo de movimento s&o diferentes.

Assim, ha uma grande sobreposigio entre as capacidades da H.261 e do MPEG, podendo
alguns dos componentes VLS| envolvidos ser usados em ambos.

Este algoritmo utiliza compensagdo de movimento em blocos 16x16 e codificagdo DCT de
blocos 8x8, seguida de quantificagdo e codificagdo de entropia. A compensaglo de
movimento envolve codificacdo preditiva e interpolativa. Como no JPEG, os quadros
(frames) de referéncia séo codificados, utilizando métodos baseados na DCT. Estas imagens
comprimidas moderadamente servem de ponto de acesso aleatorio e denominam-se
imagens intra (). Os quadros previstos (P) séo baseados na imagem anterior (I ou P). Os
quadros interpolados, imagens bidireccionais (B), oferecem a maior taxa de compressao,
mas baseiam-se nas imagens passadas e futuras, ndo servindo como referéncia.

Finalmente, a informagdo de movimento é codificada estatisticamente.

3.2.2.2 Estrutura

A estrutura da representagdo codificada de video tém varios niveis. E constituida por um
cabecalho de sequéncia video e pelas camadas da sequéncia. Estas sdo classificadas em:
grupo de imagens GOP (Group Of Pictures), imagens (Pictures), fatias (Slices), macroblocos
e blocos. As duas camadas inferiores incluem compensagéo de movimento e dados para a
DCT.

A sintaxe do fluxo de video reflecte a estrutura em camadas, sendo bastante facil identificar
varios pantos do fluxo devido ao uso de um prefixo tnico (0x000001) para cada delimitador
(start code);
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nome valor do start code
{hexadecimal)

picture_start_code 00
slice_start_code 01 até AF
reserved BO
reserved Bl
user_data_start_code B2
sequence_header_code B3
sequence_error_code B4
extension_start_code BS
reserved B6
sequence_cnd_code B7
group_start_code B8
system start codes BY até FF

Veja-se como exemplo um extracto do "filme" BIRDSHOW (fornecido com o descodificador
de MPEG para Windows, verséo 2.0, da Xing Technology Corp.), em hexadecimal:

[RIRTNERESIN) 00 00 01 B3 uAh o U o1a FEOEE G 44 00 00 01 B2

[SISISEER O L 00 00 01 B8 »ouu opnoge 00 00 01 00
I N GRS FE R 2 20 00 Q0 01 B2 b 00 00 01 01
OO0 40 G FEET ORI S T URR NS LN M LU 1 e TAOEMSA
OO TROoMis e s DA h ) RAC T e e it T g4

SERIRIEYRIR oo 00 00 01 FEOFE VG 00 00 01 B2 FF

GOORED FE00 00 01 01 4.3 #f FO g0 BE e Ohoa9 oan o0
OOOBEFD SR A B WA Fe A U 0% E270 DD o9 Uw O AD
oo (IR I SRR KU SN R s o3 a0 6T 34 40 00

[ RN R 00 01 B7

A flexibilidade dos parametros das sequéncias MPEG proporciona uma gama larga de

resolugdes espaciais e temporais, permitindo o uso de vérios débitos.

A compressdo video de resolugdes de televisdo (360 x 240 pixeis) origina um débito de
cerca de 1.2 Mbps. Este pode ser usado, por exemplo, em CD-ROM e em canais T1 (1.544
Mbps).
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Para garantir a inter-operabilidade de equipamento, usando MPEG, foi definido um
subconjunto de pardmetros. Todos os descodificadores MPEG devem ser capazes de operar
um "ntcleo” de fluxo de bits com os seguintes limites superiores: resolugdo de 720 x 576
pixeis, 30 quadros por segundo, débito de 1.86 Mbps e um buffer de descodificador de 46
Kbytes.
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3.3 Audio

O processo de codificagdo utiliza um esquema perceptual (compresséo orientada para a
importancia) e & organizado em trés camadas (layers) de complexidade e desempenho
crescentes. Cada uma visa contextos de aplicacdo distintos, usando débitos binarios
diferentes (Ferreira, 1994).

O audio com qualidade de CD requer dois canais de 706 Kbps. O débito, apés compresséo,
& de 128 Kbps por canal (ou possivelmente de 64 Kbps), ou seja, uma compresséo de 1.4
Mbps para 0.256 Mbps.

S&o suportadas taxas de amostragem de 32, 44.1 e 48 KHz com 16 bits por amostra; os

atrasos serdo inferiores a 80 ms; serdo enderecadas unidades inferiores a 1/30 s.

As disposic6es da norma com valor normativo dizem respeito s6 a estrutura de trama e ao
processo de descodificagéo.

pagina 21



Aspectos da norma MPEG

3.4 Sistema

3.4.1 MPEG-1(ISO/IEC 11172-1)

A especificagdo MPEG ao nivel de sistema aborda a combinagdo de um ou mais fluxos
(bitstreams) de audio (ISO/IEC 11172-3), video (ISO/IEC 11172-2) ou privados, com
informagéo de sincronismo num dnico fluxo de bits multiplexado (ISO/IEC 11172-1) para

armazenamento ou transmissao digital.

Assim, um fluxo ISO/IEC 11172-1 é constituido por duas camadas. A camada interior, de
compresséo, é constituida pela codificagdo dos dados. A camada exterior, do sistema,
suporta as fungdes necessarias para o uso de um ou mais fluxos comprimidos de dados num

sistema:

1. Sincronizagéo da apresentacdo da informagéo descodificada;

2. Construcio do fluxo multiplexado;

3. Gestdo de buffers para codificacéo de dados, iniciagéo e acesso aleatdrio;

4. |dentificagéo temporal.

A camada do sistema divide-se em duas subcamadas: uma para operagdes relativas a
multiplexagem (fungdes 3 e 4) - Pack Layer; outra para operagdes especificas dos fluxos

(fungdes 1 e 2) - Packet Layer.

3.4.1.1 Operagdes relativas a multiplexagem

A recuperacdo de dados, a partir do DSM (Digital Storage Media), o ajuste de reldgios e a
gestdo de buffers estéio intimamente relacionados. Se o débito do DSM é controlavel, deve
ser ajustado para néo sobrecarregar (nem subcarregar) os buffers de descodificacéo. Se o
débito do DSM ndo é controlavel, os descodificadores dos fluxos elementares devem
sincronizar-se com o DSM para que os buffers funcionem correctamente.

Estas tarefas séo reguladas pelos cabegalhos dos packs. Estes especificam a altura em que
os dados os dados devem entrar no descodificador de sistema a partir do DSM, servindo o
horario de chegada como referéncia para gestéo de buffers e correccéo de reldgios.
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O primeiro pack do fluxo ISO/IEC 11172 fornece os pardmetros necessarios para informar o
descodificador dos recursos necessarios (por exemplo, o débito maximo de dados e o maior

numero de canais video simultdneos).

3.4.1.2 Operagbes especificas dos fluxos de bits

Os fluxos ISO/IEC 11172 séo formados pela multiplexagem de fluxos elementares. Estes,
em adicdo aos fluxos &udio e video, podem ser privados, reservados ou de preenchimento
(padding). S#o suportados até 32 fluxos de audio e 16 de video. S&o previstos dois fluxos
privados de dados: um completamente privado e outro obedecendo a uma sintaxe para o
suporte de sincronizagéo e gestédo de buffers. Pode ser definido um numero ilimitado de sub-
fluxos. Os fluxos sdo temporaimente divididos em pacotes seriados, de comprimento fixo ou
variavel, que contém dados codificados (de um unico fluxo elementar).

Os cabecalhos dos pacotes contém um codigo de identificagéo do fluxo (stream_id) que
torna possivel a desmultipiexagem e reconstrugdo dos fluxos elementares a partir do fluxo
ISO/IEC 11172.

Na camada dos pacotes existem etiquetas temporais (fime sfamps) que se referem a
descodificagsio individual dos fluxos elementares. Para se obter a sincronizagéo entre
multiplos fluxos, os codificadores guardam as etiquetas na altura da captura. Estas séo
transmitidas com os dados associados, € os descodificadores usam-nas para organizar a

apresentacdo dos dados.

A camada dos pacotes esta relacionada com a camada de compresséo, através da ligacéo
das etiquetas temporais, codificadas nos cabegalhos, aos tempos de apresentacdo dos
dados descodificados. No entanto, os pacotes nfo necessitam de comegar nos start codes

do fluxo comprimido.

3.4.1.3 STD

O STD (System Target Decoder) é um descodificador hipotético que permite definir
exactamente os eventos de descodificagdo e os seus instantes de ocorréncia, pois
estabelece um modelo para o processo de descodificagéo durante a construgéo dos fluxos
ISO/IEC 11172-1.

pagina 23



Aspectos da norma MPEG

Como cada fluxo faz a parametrizagdo do STD (e.g. tamanho dos buffers), o codificador
deve certificar-se de que a apresentagdo do fluxo é feita correctamente no STD
correspondente. O descodificador real deve compensar as suas diferengas em relagdo ao
modelo STD.

A informacé&o temporal transportada ao nivel de sistema é a codificagdo de uma amostra do

valor do relogio de sistema, cuja frequéncia é de 90 KHz.

Os dados de um pacote sdo entregues ao buffer do fluxo elementar. O cabegalho do pacote

pode ser usado para controlar o sistema.

No instante da descodificagdo de uma unidade de acesso, esta é retirada do buffer e

descodificada para uma unidade de apresentacéo.

No caso de um fluxo de video, as unidades de acesso podem ndo estar na ordem de
apresentagdo. Assim, imagens-l ou imagens-P guardadas antes de imagens-B devem ser
atrasadas no buffer de reordenacao, até ser descodificada a proxima imagem-| ou imagem-

P, antes de serem apresentadas.

O instante em que & apresentada uma unidade de acesso coincide com o de descodificagao,

se as unidades de apresentacdo n&o necessitarem de ser reordenadas.

3.4.1.4 Estrutura

Um fluxo ISO/NEC 11172-1 é constituido por um ou mais fluxos elementares multiplexados
conjuntamente. Estes, por sua vez, sdo constituidos por unidades de acesso (representagdes
codificadas das unidades de apresentagdo). A unidade de apresentagdo para um fluxo
elementar de video é uma imagem. A de um fluxo de audio, corresponde as amostras de

uma trama audio.

Os dados dos fluxos elementares sdo guardados em pacotes. O cabegalho do pacote
comeca com um start code de 4 bytes, que identifica o fluxo e pode conter etiquetas
temporais referentes & primeira unidade de acesso. Os dados do pacote contém um namero

variavel de bytes contiguos do fluxo elementar.

Os pacotes séo organizados em packs, cujo cabegalho é usado para armazenar informagao

temporal e de débito.
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O fluxo multiplexado comega com um cabegalho de sistema que pode ser repetido
opcionalmente. Este contém paradmetros de sistema definidos no fluxo.

A representacéo grafica da sintaxe é feita no apéndice F da norma.

3.4.2 MPEG-2 (ISO/IEC 13818-1)

3.4.2.1 Tipos de fluxo

A fase MPEG-2 contempla dois tipos de multipiexagem.

Os fluxos de programa (PS - Program Stream) s&o similares aos definidos na fase MPEG-1
(documento ISO/IEC 11172-1). Resultam da combinagédo de pacotes dos fluxos elementares
PES (Packetized Elementary Stream), com uma base temporal comum, num unico fluxo de
bits.

Cada pacote PES é constituido apenas por um fluxo elementar, podendo ser de

comprimento variavel, geralmente relativamente grande.
O uso deste tipo de fluxos é projectado para ambientes relativamente livres de ruido.

O segundo tipo de fluxo multiplexado, apelidado de transporte (TS - Transport Stream), esta
adaptado a ambientes onde h& grandes probabilidades de erro, pois & constituido por
pequenos pacotes de 188 bytes.

A conversao entre os dois tipos de fluxo est4 prevista na especificagdo da norma, utilizando-

-se pacotes PES, comuns as duas sintaxes.

3.4.2.2 Fluxo de Transporte

Um fluxo de transporte é constituido por programas. Estes, por sua vez, contém fluxos

elementares.

Um pacote de transporte (TP, Transport Packet) contém pacotes PES. Um pacote PES inclui

unidades de acesso de um fluxo elementar.
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Cada TP é identificado pelo PID (Packet Identification). Este é referenciado através das
Tabelas de Informacéo Especifica de Programa (PSI, Program Specific Information), ficando
identificado o conteGdo do TP, pois a cada PID estd associado apenas um tipo de

informacéo.
A representacgio grafica da sintaxe encontra-se no apéndice F da norma.

Tal como no MPEG-1, a sincronizagéo entre os varios fluxos elementares é feita através de
PTS (Presentation Time Stamp) e DTS (Decoding Time Stamp), geralmente em unidades de
90 KHz. Uma das principais fungdes do cabecalho do pacote PES é o transporte destes

selos temporais.

Para a temporizagéo do fluxo de sistema usa-se: 0 SCR (System Clock Reference), no caso
de PS, e o PCR (Program Clock Reference), para cada programa do TS. Estas referéncias

temporais s&o especificadas em unidades de 27 MHz.
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4. DESCODIFICADOR DE FLUXOS BINARIOS MPEG

SISTEMA

4.1 Leitura da norma

A leitura e compreensdo da norma MPEG revela-se bastante complexa. Ao nivel de sistema,
a literatura é escassa e, a norma em si, dado o seu carécter generalista, ndo se revela
prédiga em exemplos concretos. Um (nico exemplo, de MPEG-1, foi encontrado no
apéndice 1-A.5 do documento ISO/IEC 11172-1.

A parte video, por outro lado, encontra-se bem explorada. E facil encontrar documentagéo e,
em termos de software, existem numerosos descodificadores e codificadores disponiveis,

por exemplo, via internet.

Aproveitando os ensinamentos de um pequeno programa12 que efectua uma simples busca
(parser) a fluxos de video MPEG-1, para extracg@o de informacéo constante nos cabecalhos
dos pacotes, decidiu-se, como ponto de partida para este trabatho, implementar um parser
de fluxos de sistema MPEG-1.

4.2 Parser de MPEG-1

O programa aqui implementado 1& um ficheiro bindrio com um filuxo MPEG-1 sistema,
gerando outro ficheiro. Este contém os sfarf_codes encontrados durante o parse, o endereco
destes e o numero de bytes entre starl_codes consecutivos (ver ponto 3.2.2.2). A
informacdo contida nos cabegalhos dos varios blocos, que constituem o fluxo analisado, é
interpretada e visualizada. Os fluxos elementares sdo reconstituidos e colocados em

ficheiros separados.

O fluxo utilizado para testar o programa foi obtido na Internet, sendo originario de um CD de
teste. E constituido por uma sequéncia de 142 imagens com cenas de um filme de futebol
americano e por uma sinuséide de 1 KHz como audio.

2 “InfoMPEG * de Dennis Lee (1993).
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Mostra-se de seguida um extracto do resultado do parser:

Parsing de AVI (endereco, bytes seguintes, start_code, descricao)

000000 8  BA pack_start_code
| system_clock_reference = 12610 (0.140111 s)
| mux_rate = 3486 (174300 bytes/s)

header length = 12 bytes

rate pound = 3486 {(debito maximo do mux &' de 174300 bytes/s)
audio_ound = 1 stream(s)

(n. maximo de fluxos audio multiplexados em simultaneo)
fixed_flag = 1 (debito fixo)

csps _flag =

system_audio_lock_flag = 1

1 (fluxo obedece aos parametros restringidos CSPS)

(relacao constante da taxa de amostragem com relogio de sistema)
system_video_lock_flag = 1

(relacao constante da taxa de imagens com relogio de sistema)
(n. maximo de fluxos video multiplexados em simultaneo)
reserved_hyte = 255

Fluxo(s) elementar(es) = 2

Fluxe EQ : Video stream - number 0

3TD_buffer bound_scale =0

3710 _buffer size bound = 40

[Tamanho de buffer maximo = 5120 bytes)
Fluxe €O : Audio stream - number 0

STD buffer bound_scale = 0

3TD buffer size bound = 32

|
|
;
1
|
i
|
1
|
|
| video bound = 1 stream(s)
i
|
|
I
|
|
!
|
I
[
|
I
|

(Tamanho de buffer maximo = 4096 bytes)

00001E 17 BO Video stream - number 0

288 bytes

| packet_length =
Iostuffing brytes =

| 87D buffer le =0

| S8TD_huffer size = 40

| (Tamanho de buffer = 5120 bytes)
I

!

i

presentation_time stamp = 40236 (0.447067 s5)

decoding time stamp = 36486 {0.4054 5)
packet_dgta T = 2273 bytes
000033 8 B3 v(sequence_headet_code)
00003y 4 B8 v{group_start_code)
000047 4 00 v(plcture start_code)
00004F 14 01 SLICE

Os fluxos elementares obtidos servem para testar a implementagéo do codificador descrito

no capitulo 5.

Entretanto, foi criada uma estrutura base de software que serve como ponto de partida para

um parser de fluxos MPEG-2.
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Foram também aclarados os varios conceitos envolvidos e constatada a instabilidade da
norma, com permanentes actualizagdes de pormenor.

A estrutura de dados desenvolvida tem em vista o acesso aos bits individuais dos bytes
lidos, tendo sido pensada para permitir 0 seu uso quer no sistema operativo UNIX quer em
MS-DOS.

4.3 Parser de MPEG-2

O programa 1&é um ficheiro MPEG-2 sistema na sua forma binaria.

No caso de um PS (fluxo de programa), como este é semelhante ao MPEG-1, e nao foram
encontrados fluxos de teste, a leitura é feita usando (ver pag. 44 a 55) as rotinas do parser

descrito no ponto anterior.

Para um TS (fluxo de transporte) é igualmente criado um ficheiro com a informacéo dos
pacotes. E também lida toda a informag8o contida nos cabecalhos dos varios blocos que
constituem o fluxo analisado. Os fluxos elementares sdo reconstituidos e colocados em

ficheiros separados.

4.3.1 sync_byie

A primeira questdo levantada tém a ver com o byte de sincronismo, especificado na sintaxe
de transport_packet() com o valor sync_byfe = 0x47 (hexadecimal). Para diminuir a
probabilidade de emulagéo do byte, 0 codificador deve evitar atribuir este valor a campos

recorrentes, nomeadamente ao PID (anexo G da norma).

Cabe ao descodificador decidir se o sincronismo foi alcangado. No caso em estudo, como 0
meio & relativamente livre de ruido (armazenamento de ficheiros em disco), foram feitas as

seguintes assumpgoes:

- pode haver lixo entre TPs (Pacotes de Transporte).
- nesses bytes ndo ha emulagéo de sincronismo.
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Nos casos em que nlo se possa assegurar as condigbes ideais, interessard que o
descodificador verifique varios bytes de sincronismo consecutivos (ver pag. 56).

4.3.2 PSi

Na implementacdo do descodificador, um dos pontos que requereu maior atengéo foi a
leitura das tabelas de PSI (Informacgdo Especifica de Programa).

Neste caso, contrariamente ao que se passa com o transporte de pacotes PES, o campo
payload_unit_start apenas indica se o primeiro byte depois do cabegalho € ou ndc um
apontador para inicio de uma secc¢éo da tabela.

Como os pacotes do fluxo de transporte (TPs) sdo pequenos relativamente ao tamanho
maximo das secgdes, a informagdo pode vir repartida por vérios TPs néo consecutivos.
Podem surgir seis situagdes diferentes na leitura de um TP com PSI:

N&ao comega nenhuma secc¢éo no TP,

Comeca uma secgéo no inicio do TP, terminando noutro qualquer.
Comeca uma secgéo no inicio do TP, terminando no mesmo pacote.
Acaba uma secgéo no TP, ndo se seguindo outra.

Acaba uma seccdo no TP, seguindo-se outra que acaba no mesmo TP.

A S o e

Acaba uma secgdo no TP, seguindo-se outra que termina noutro gualquer.

A solugdo encontrada, usando buffers e apontadores para 0 estado actual e para a dltima
informacao processada, foi adoptada também, devido & sua robustez, no caso mais simples
da leitura de pacotes PES.

O problema da actualizagdo de uma tabela PSI gira i volta dos campas version_number e
current_next_indicator. Quando o primeiro & incrementado a tabela transmitida € nova,

sendo aplicavel quando o segundo estiver activo.

A leitura da norma parece indicar que sé se considera o current_next_indicator quando

houve uma mudanca de verséo.

Na implementag&o foram assumidas duas situacdes independentes:
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- Existéncia de dois buifers, um para a tabela actual e outro para ir recebendo a

tabela nova. Quando a versdo muda, se a tabela nova for igual & actual, é porque
a versdo mudou sem actualizacio da tabela.

- Utilizag&o da tabela nova, quando o current_next_indicator fica activo.

Outra questdo verificada foi a possibilidade de se extrair os fluxos elementares, mesmo sem
as tabelas de PS! estarem constituidas (basta utilizar o PID respectivo).

4.3.3 adaptation_field()

Verificou-se que o uso principal do campo de adaptagdo adaptation_field(), ver pag. 62 a 69,
para além do transporte de PCR, é o enchimento do TP em situagdes de fim do pacote PES.
Se nédo existir adaptation_field(), estéo disponiveis 184 bytes. Se adaptation_field_length = 0,
temos um byte de enchimento (stuffing_byte) correspondente ao cabegalho de adaptagéo.
Se adaptation_field_length = 183, estio disponiveis 0 bytes e o TP nfo transporta nem PES
nem PSI.

4.3.4 Exemplo de parse

Dado existirem varios fluxos de testes na Internet, o programa foi suficientemente testado,
revelando-se bastante robusto. Mostra-se de seguida, a titulo de exemplo, um extracto do
parse de um fluxo originario da Asia Matsushita Electric Ltd. (6 primeiros pacotes):

B os Gmo0no (Program As ation Table)
Transye ot imadicat = )
payload unir t_indicator = 1

i

|

i P

[ transport priority = 0

| trangport serambling controel = 0

{ JdAPYJ?iU“ field _control = 1 {payload only)
| continuity counter = 0 (counter of payloads with the same PID)
| PROGRAR AL WITATTON SECTP LN # &b s kbbb ok b
| opointer field = 0 bhyves

[ tabile o= o0

T Lon_syntaxs indicator = 1

iosection length = 17

| ﬂpuft'streamMid = 21845

[ on rumber = 0

| twnthwindicaton =1

| i number = 0

| hhwﬁv?tionmnumber =0

|

|oprogram number = 1

| program map 1D = 020008

|

|

program pumber = 2
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program map_ PID = (Qx0l2C

I
|
{ CRC_37 = 2.18049+08
I
|

PID = 0x00C8

transport_error indicator = 0
payload unit _start_indicator =
transport_prlority =
transport_scrambling_control = 0

adaptation_fleld control = 1 (payload only)

continuity counter = 0 {counter of payloads with the same PID)
PROGRAM MAE SECT TON & %o ko ook ok ok sk ok ke ke ok kb e ok ook e e b ok

pointer field = 0 bytes
table 1id = 2
section_syntax_indicator
section_length = 246
program number = 1
version number
current_next indicator
section_number
last_section_number =
PCR_PID = 0x00C9
program_info_length = 0

[ g

1
—

fl

It
OO0

stream_type = 2 -» ITU-T Rec.H262 | ISO/IEC 13818-2 Video
elementary PID = 0x00C9

E3_info_length 5

descriptor tagq = 2: video_stream descriptor
descriptor length = 3

multiple_f?ame_ratewflag =0

=5
MPEG_2_ flag =1
constrained_parameter flag = 0
still picture_flag = 0
profile and level indication = 72
chroma_format =1
frame rate_ extension_flag = 0
stream_ type = 3 - IS0/IEC 11172 Audio
elementary PID = O0x00CA
ES info_length = 3
degcriptor_tag = 3: audio stream descriptor

descriptor length = 1
free_format_flag
ID

layer =

[

stream type = 3 ~-» IS0/IEC 11172 Audio
alementary FID = 0x00CB
ES info_length 3

f

|
I
|
!
|
!
I
|
I
|
|
[
|
|
|
|
|
|
|
|
|
|
[
|
[
|
[
| frame rate code
I
|
|
|
|
I
I
|
|
!
|
|
|
|
|
|
|
I
|
|
|
|
|
|
[
|
|

descriptor tag = 3: audio_stream descriptor
descriptor_length = 1
free format flag = 0
ID - =1
layer = 1
| stream_type = 6 -» ITU-T Rea.HZ22.01IS0/IEC 13818-1 PES packets

private data
| elementary PID = 0x00CC
| ES _info_length = 202

PID = (Ox00C8
transport_error_indicator = 0
payload_unit_start_indicator =
transport_priority =
transport_scrambling control
adaptation_field control = 1 (payload only)

continuity counter = 1 (counter of payloads with the same PID)

il
ooC

containing
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!
|

|
I
I
I
I
|
|
}
|
|
[
[
[
!
!
|

PRC)GRAM MAE! SECTI(‘)N'}\'***‘A’ ek ok sk ok ke ke ok ke ok Wk kR R e R Rk ke ke ke

descriptor_tag = 6: registration_descriptor
descriptor_length = 200

(e
CRC_ 3% = 4.33939e+07

118 bytes left - 118 stuffing bytes (0xFF) detected

_________________________________________________ 3
PID = 0Ox012C

transport_error_indicator = 0
payload_unit_start_indicator =1
transport_priority = 0
transport_scrambling control = 0

adaptation_field control = 1 {payload only)
continuity counter = 0 {counter of payloads with the same PID)
PROGW MAP :;‘EC‘TI(JN* ek ke ke ke ok b sk ok ok ok ok sk R ek ok ke ke ok ke R ek
pointer fleld = 0 bytes

table id =2
section_syntax_indicator = 1

section_length = 236

program_number = 2

version number =0

current_next_indicator = 1

section_numbelr =0

last_sectlon_number =0

PCR_FID = 0x01:ZD

program info_length = 0

stream type = 1 ~» ISQ/IEC 11172 Video

elementary PID = 0x012D

ES_info_length = 3

descriptor_tag = Z: video stream_descriptor
degcriptor length = 1

multiple frame rate flag = (

frame_rate code =4

MPEG_ 2 flag = 0

constrained parameter flag = 1

still picture_flag = 0

stream_type = 3 -» ISQ/IEC 11172 Audio
elementary FID = 0x0l2ZE

ES_infe_length = 3

degcriptor_tag = 3: audio_stream _descriptor
descriptor_length = 1

free_format_flag = O

ID =1

layer =1

stream _type = 6 -» ITU-T Rec.H222.0]IS0/IEC 13818-1 PES packets

elementary PID = 0x01l2F
Es_info_length = 202

PID = 0Ox0l2C

transport_error indicator = 0
payload_unit_start_indicator = 0
transport_priority = 0
transport_scrambling control = 0
adaptation_field_ control = 1 (payload only)

continuity counter = 1 (counter of payloads with the game PID)
PROGRAM MAE)_SEGTION-L-*-&i-*~A<-A<»ir~L~-l‘****\k****‘k**‘k‘k‘k**

descriptor_tag = 5: registration_descriptor
descriptor_length = 200
(...}

CRC_ 3% = 4.13923e+09

128 bytes left - 128 stuffing bytes {(0xFF) detected

containing
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PID 0x00Cs
transport_error_indicator
payload unit_start_indicator
transport_priority
transport _scrambling control
adaptation field control
continuity counter 0 (coun
ADAPTATION FIELD** ¥ ks donsddox

adaptation field_ length = 7
PCR_flaq

PCR _base = 97

PCR_extension = 214 (BCR

PES PACIKET & b ke o b ke sk e ok e b ok ke ok e ook
stream id DXEO Video
PES_packet _length = 0 hytes
PES priority
original _or_copy
PTS_ DTS flags
PES header data_length

[« I ]

1

TS 27730 (0.308111 s)
DTS 24730 (0.274778 3)
(157 data_bytes)

fon

0 bytes left - 0 stuffing bhytes

0

= 1

= 0

= 0

= 3 (adaptation_field followed by payload)
ter of payloads with the same PID)

ke ok ke ke ok e ke ke ke ke ok ok b

1

0.0010857 a)

(0XFF) detected

ke k ke e s sk ke o e b o e ke ke

stream - number 0
1

0 (copy)

3

Em termos de sintaxe falta implementar alguns descritores, a private_section() e a CAT
(Conditional Access Table), bem como proceder a verificagdo do cédigo de redundancia
ciclica CRC (j& previsto através do uso de buffers na leitura da informacéo). Podera tambem
ser feita a recolha de algumas indicagfes estatisticas (e.g. numero e tipo de pacotes;

overhead) e a verificacdo das restrigbes temporais impostas pela norma (frequéncia de

codificac8o de PCR e PTS).
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4.4 Cddigo fonte

4.4.1 README

MPEG2 system bitstreams parser: IS0/IEC 13818-1 (NO721 - June 94)

Arguments: [-{switch}...] filename [filename ...] (accepts *)

switch: 0, writes all values of all fields of the system level;
1, skips the reserved fields (default option);
2, skips reserved and most, first level, inactive flag fields;
A, always store the payload of TPs even with incomplete PSI tables
N, doesn't store the TPs payloads (overrides the -A switch)
L, generates a log file with warnings/errors found during processing

output:
- ASCII parse file {{input filename)}.{parser name}) holding the values encoded
in the fields of the TP headers.
- Optional log file ({input filename}.LOG).
- Binary files ({input filename}{PID}.{stream id}) with the recovered
elementary streams. -

NB: Program streams are, for the moment, being assumed as MPEGL

parser v.18 -~ Andre'Braganca @1994 - INESC/Programa Ciencia
comments to: amb@newton.inescn.pt

Characteristics

o The program accepts as an input one (or more) binary disk file which holds a
multiplexed bitstream encoded according to the Transport Stream syntax
specified in IS0 13818-1 (version of June 1994). It generates an ASCII disk
file with the information it retrieves from the fields of the headers of
transport packets [(TPs) as well as from the payload of TPs which carry the PSI
(Program Specific Information) tables. Elementary hitstreams are recovered and
stored in separate disk files, which may be used as inputs to the respective
MPEGZ elementary decoders;

o6 The time to access the disk has been reduced by using buffers to store data
from the disk files;

o This program has been implemented in Borland C for DOS. In order to ensure
compatibility with UNIX (gec) and because of the different representation of
bytes in these two operating systems, unions with bit fields have been used to
enclose the bytes read from the disk file. Depending on the actual environment
being used, these bit fields may or not be inverted., Another solution to
ensure portability, would be to use masks and shifts in order to access
individual bits within the bytes. However this solution would make the source
code very hard to read;

o The bitstream stored in the input disk file is firstly subjected to a
pre-analysis to determine whether it is a Program or a Transport Stream. A
Program Stream will be interpreted (for the moment) as an MPEGl bitstream
while a Transport Stream is decoded using the syntax and procedures described
in IS0 13818-1;

o Buffers are used to hold the information conveyed in the TP payloads (P3I
sections and PES packets). Information is interpretated as soon as possible,
even if it is scattered across several non contiguous TPs. Buffering will
(soon) allow verification of CRC.

o Linked lists are used to hold PSI. This information is used by the parser to
identify the origin of the incoming TEs;

o Payload of duplicated TPs is not extracted (by verification of the
continuity_counter in TP header);

o It is possible to run the program with the option of extracting and storing
the payload of all TPs before having received the complete PSI tables (-A
switch};
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o There is also an option to generate a log file to document the occurrence of
errors during the demultiplexing process.

Versions
v.17 - Distributed by anonymous ftp to newlton.inescn.pt

v.18 - Source code translated to English {comments, variable names, etc).
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4.4.2 Listagem

fidefine DOS /* Delete this if compiled in UNIX */

/***‘k**&-'i’*******‘k***‘l"&-A"l‘4‘-ki'*‘k-k‘*****(‘*‘i‘***-l'*******-&“i‘{’**i’**')r%***'i‘"k**'k‘k*'k*-k****‘k*
MPEG2 system bitstreams parser: ISO/IEC 13818-1 (NO721 - June 94)

version 18 - Andre' Braganca @ 8/11/94 - INESC/Programa Ciencia

author: Andre' Braganca

mail: INESC - TInstituto de Engenharia de Sistemas e Computadores
Largo Mompilher 22
Apartado 4433
4007 PORTO GODEX
PORTUGAL

phone: 02 2087830
fax: 0z 2087829

email: amb@newton.inescn.pt
amb@bart. inescn.pt

B A L 2 A R R R R R A O R R L L A e R R A

CHARACTERISTICS:

The program accepts as an input one (or more) binary disk file which holds a
multiplexed bitstream encoded according to the Transport Stream syntax
specified in ISO 13818-1 (version of June 1894). It generates an ASCII disk
file with the information it retrieves from the fields of the headers of
Transport stream Packets (TPs) as well as from the payload of TPs which carry
the PSI ({Program Specific Information) tables. Elementary bitstreams are
recovered and stored in separate disk files, which may be used as inputs to
the respective MPEG2 elementary decoders;

Program streams are, for the moment, being assumed as MPEGIL.

The time to access the disk has been reduced by using buffers to store data
from the disk files:

This program has been implemented in Borland € for DOS. In order to ensure
compatibility with UNIX (gcc) and because of the different representation of
bytes in these two operating systems, unions with bit fields have been used to
enclose the bytes read from the disk file. Depending on the actual environment
being used, these bit fields may or not be inverted. Another solution to
ensure portability, would be to use masks and shifts In order to access
individual bits within the bytes. However this solution would make the source
code very hard to read;

The bitstream stored in the input disk file is firstly subjected to a
pre-analysis to determine wether it is a Program or a Transport Stream. A
Program Stream will be interpreted (for the moment) as an MPEGL bitstream
while a Transport Stream is decoded using the syntax and procedures described
in IS0 13818-1;

Buffers are used to hold the information conveyed in the TP payloads (BSI
sections and PES packets). Information is interpretated as soon as possible,
even if it is scattered across several non contiguous TPs. Buffering will
(soon) allow verification of CRC.

Linked lists are used to hold PSI. This information is used by the parser to
identify the origin of the incoming TPs;

Payload of duplicated TPs is not extracted (by verification of the
continuity counter in TP header);

It is possible to run the program with the option of extracting and storing
the payload of all TPs before having received the complete PSI tables (-A
switch):

There is also an option to generate a log file to document the occurrence of
errors during the demultiplexing process.
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MPEGZ PARSER DEVELOPMENT:

10.C - It is based on 7.C, the last development of the MPEGl parser.

Program streams are interpreted as ISO 11172-1. Development will concentrate
on Transport streams.

Adaptation field.

11.C - Payload analysis:

Program Association_section, Conditional Access section, Program Map_section.

Use of buffers for PSI sections because TPs are small and information could
be scattered across several packets,

Use of linked lists to keep P3I. The main goal 1is to have a list of PIDs used
by the parser to know what kind of packets it's dealling with.

This lists have just one pointer. The last element has a pointer value of
NULL. The first element is pointed by a global variable (if NULL the PSI table
is inactive). An empty table is a list with just one element (sentinel).
Insertion is simple, at the begining of the list. Lists are not ordered
because searches will probably lbe made in a small universe.

2.C - Simple PES packets analysis {(doesn't work}.

13.C - Bufferized reading of PES packets.
Elementary Streams (ES) extraction (with problems).

14.C - Solved extraction problem by aveiding to put bytes in the buffer when
reading groups of bytes (ES estraction or padding).
Ignored adaptation_field length = 0 to read Audio from MATRA bitstream.

15.C - S8tandard actualization (N0601 to NO721).

Testing with more bitstreams (small corrections).

Option of extracting and storing the TP payloads without walitting for PSI.
To of this I created a PMT type table where all PIDs, whose TPs may contain
PES, are inserted. This table acts as & flag in the payload interpretation: if
active is used instead of the PM_table (see TS_TRANSPORT_ PACKET()).

Revision of Program Use() and the notation for output files.

Detected another problem in extraction: one byte lost when checking stuffing
bytes.

Lack of memory (DOS) when testing MATSUSHITA bitstream with unconditional
extraction of PES. The extra table uses much memory.

Detected the non utilization of shifts when accessing bits in masked bytes.

16.C - By checking the continuity_counter avoided the PES extraction in
duplicate TPa.

Use of switches as arguments in the command line: unconditional extraction of
PES; detail level in the parsing file; not extract PES; log file generation.
Substituted some fprintf{stderr,...) by perror{).

17.C - Translated the outputs to EBnglish due to a possible utilization of this
program in the COUGAR project.

Detail level in which, in the first level of flags, the parsing file only
shows active flags (most cases).

Promotion of the TP counter from local to global in order to appear in the
log file.

18.C - Translation of the source code from Portuguese to English in order to
make it avallable to COUGAR.

TO DO: Private_section
CRC field in Hexadecimal
CRC check
CAT
remaining descriptors
show statistics in log file
verify file I/0 buffers efficlency
check MPEGl adress counter
avoid global variables by using the static keyword

**'A"k-k'&'****'k*k*‘l"k'k*-k-k‘k*‘k-k-iﬂ)-i‘i"l‘-l."k**'l.‘**-L'**'l--k*k*‘l"lr'l"*‘k*'k-k‘k'l<**'L"k'k"A‘*"A"A"k'l"k**'k‘l'*‘k*‘k**‘ki‘/

#include "stdio.h™
#finclude “"stdlib.h"
#include "string.h"
#include "ctype.h"

pagina 38



Descodificador de fluxos binarios MPEG Sistema

#ifdef DOS
#include <dir.h:-
#include <dos.h>
fidefine MAX FILES 100
fendif -

#define PES BUFFER_SIZE 470 /*Maximum buffer size (+1) for the PES_packets
header {(in PMT). Could include data bytes. */

/% /// Compilation problem in UNIX ///// */

#ifndef SEEK _SET
#define SEEK_SET 0

fendif

#ifndef SEEK _CUR
#define SEEK _CUR 1

fendif

/* /17 Type definitions ////10171117777177 */

typedef enum { NO, YES } boolean;
typedef struct PA table *PAT ptyr;
typedef struct PM_table *PMT_ptr;
typedef struct CA table *CAT:ptr;

/% /// Global vacviables ///////7//1///777 */

boolean extract, /* Do/don't extract PES. See Extracts(), RemoveStream(),
FindSwitch{}). */
log, /* Creation of a log file with errors found in the analysed stream
Will alsc have some statistics (e.g. overhead).
See FindSwitchit), Main{), Warn{). */
unconditional;/* Type of PES extraction:
1 - all PIDs
0 - after having the PSI tables.
See TRANSPORT_ STREAM(), FindSwitch{).
In case 1 the new table may reguire much memory and
make the parsing to abort.*/

unsigned char detail;/* Detail level in the parsing file.
Initialized in FindSwitch. */

unsigned long n_TPs; /* TP counter. Initialized in PROGRAM_STREAM() (due to
Warn()).
Initialized and used in TRANSPORT_STREAM(). Used in
Warn{); %/

char no_extension(ﬁ@];/*Defined in NameQut (). Used in RemoveStream(},
Extracts().*/

struct buffer
{

/* 1024 is the maximum size of a PSI section */

unsigned char buffer({1024]; /*must be unsigned !*/

int p; /* buffer pointer */

int descriptor start; /* buffer pointer; start of most recent descriptor */
int bytaa‘leftT /* Remaining bytes to read in order to complete the section*/

PA section, /*Used in T3_PROGRAM_ASSOCIATION_SECTION() */
CA_section, /*Used in TS_CA SECTION() */
PM_section; /*Used in TS _PROGRAM_MAP_SECTION() */

/% TO DO: make it a static lowal variable !%/

struct

{
char buffer{40961; /* Maximum size of a private section */
int p; /* buffer pointer */
int bytes_left; /* Remaining bytes to complete the section * /

private_section; /*Used in PRIVATE _SECTION() */

struct PA_table

{
int program number;
int PID;
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PAT ptr next;
}i

struct PM_table

{
/*int stream_type; Initialized in TS PROGRAM MAP_SECTION(), NOT USED!*/
int elementary PID; /*Initialized in TS_PROGRAM_MAF SECTION(}*/

char continuity counter;/*Used in TS _TRANSPORT PACKET () ; Init.

T3 _PROGRAM_MAFE_ SECTION () */

boolean old_stream_removed; /*Activated in PES PACKET () Init.

TS_FROGRAM_MAF_SECTION{)*/

unsigned char buffer(PES BUFFER SIZE];/*PES_packet header buffer */

int p, info_start, info_end; /* buffer pointers */

int field; /*Which part of PES packet is being read*//*Init.

TS_PROGRAM_MAP_SECTION()*/ -

unsigned flag[7); /*PES_packet flags buffer (helps deciding field)*/

int packet_length: /* Tf null then length is unknown =/

int bytes_ left; /* Remaining bytes to complete PES packet*/

int header_data_length; /% To confirm stuffing bytgs */

PMT _ptr next; -
b

struct CA table
{

int CA_PID;
CAT_ptr next;

bi

/* Pointers to start of PSI table linked lists (current and new version).
Initialized in TRANSPORT_STREAM{), updated in TS ... SECTION{).
Used in TS_TRANSFORT PACKET. */ -
PAT ptr PAT,
new PAT;
PMT ptr EMT,
new_PMT,
ALL;/*Used in PES extraction without PSI tables*/
CAT_ptr CAT,
new_ CAT;

int PAT veraion; /* version number of new_ PAT %/
int PMT version; /* version number of new PMT */
int CAT_version; /* versionh number of new:CAT */
/¥ Init. in TRANGPORT _STREAM(), updated in TS ... SECTION() */

/* /// Function provotypes //////111/777/7 %/

volid Program Use fvoid) ;

void Expands_meta_ch {int *, char ***);

char *Obtains_jpath {char *);

void NameOut {char *, char %, char *);

void FindSwitch {int *, char **¥*);

boolean PROGRAM_STREAM (FILE *, FILE *};

void STARTCODE prefix (FILE *);

void PACK (FILE *, FILE *);

void SYSTEM HEADER (FILE *, FILE *);

void PACKET {int, FILE *, FILE *);

voild RemoveStream (int, int);

voild Extracts (FILE *, int, int, int};

boolean TRANSPORT_STREAM {FILE *, FILE *);

void TS_TRANSPORT_PACKET {FILE *, FILE *);

PAT pty PA_PID {PAT ptr, int, int *);

PMT_ptr Elementary BID {PMT_ptr, int);

PMT ptr ALL_PID {PMT_ptr, int};

void T3_ADAPTATION FIELD {int, int *, FILE *, FILE *);

void TS5_PROGRAM_ ASBSOCIATION_SECTION (int, int *, FILE *, FILE *);

vold TS_CA SECTION {int, int *, FILE *, FILE *):

void T5_PROGRAM_MAP_ SECTION {int, int *, FILE *, FILE *};

void DESCRIPTOR (struct buffer *, FILE *);
void VIDEO STREAM DESCRLIPTOR {struct buffer *, FILE *);
void AUDIO STREAM DESCRIPTOR (struct buffer *, FILE *):
void SYSTEM_ CLOCK_ DESCRIFTOR (gtruct buffer *, FILE *);
volid MULTIPLEX BUFFER_UTILIZATION_DESCRIPTOR (struct buffer *, FILE *);
void MAXIMUM_BITRATE DESCRIPTOR {struct buffer *, FILE *};
volid _DESCRIPTOR /*DUMMY*/ (struct buffer *, FILE *};
void PES_PACKET (PMT_ptr, int, int *, FILE *, FILE ¥*);
vold Warn (FILE *, char *};

in

in

in
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I¥ AIIIIE000 0017700077070 77077 %/

void
Program Use()
/*‘A‘**"k"k***-k*-k**"k"k*k*‘A'i‘*‘klk*'ki‘-i—-k-i-**-k*i'**-k*
IS0 1381l8~1 streams parser.
&"A‘i“k“k‘ki'*‘k-k'*"k&'*"A'*k'}r*'k‘*-k*-k“k*-k-\‘&wh**i'-k*-i—**‘k/
{
IR Nt (Sstderr, Mmoo s e e o e e e e e e e e \n");
fprintf{stderr, "MPEGZ system bitstreams parser: ISO/IEC 13818-1 (NO721 - June
94)\n\n");
fprintf(stderr, "Argunents: [={switch}...] filename f{filename ...] (accepts *)\n");

fprintf({stderr,” switch: 0, writes all wvalues of all filelds of the system
level;\n");

fprintf(stderr, ™ 1, skips the reserved fields (default option);\n"):

fprintfi{stdeyrr, " 2, skips reserved and most, first level, inactive flag
fields;\n");

fprintf(stderr, " A, always store the payload of TPs even with ilncomplete
PSI tables\n");

fprintf(stderr, " N, doesn't store the TPs payloads (overrides the A
switch)\n"):

fprintf{stderr, " L, generates a log file with warnings/errors found during

processing\n");

fprintf{stdery, "\nOutputs:\n"};

fprintf(stderr,” - ASCII parse file ({input filename}.{parser name}) holding the
values encoded\n"};

fprintf(stderr,” in the fields of the TP headers.\n");

fprintf(stderr," - Optional log file {{input filename)}.LOG).\n"):

fprintf{stderr," - Binary files {{input filename}{PID}.{stream id}) with the
recovered\n") ; N
fprintf(stderr, " elementary streams.\n\n"};
fprintf({stderr, "NB: Program streams are, for the moment, being assumed as MPEG1\n");
fprintf(stdert, Mmoo e An"1;

fprintf(stderr, "parser v.18 - Andre'Braganca #1994 - INESC/Programa Ciencia\n");
fprintf(stderr, "send comments to: amb@newton.inescn.pt\n");
exit(0):

#ifdef DOS

void
Expands_meta_ch{int *argce, char **argvi{])
/e ek e e sk ke ke e ke ke ke ke e ke e Kk o ek ke ok ok bk ok kR
Expands the metacharacters in the arguments specified in the command line
{e.g. "*.mpg"). In case of UNIX this is made at shell level.
Routine adapted from "InfoMPEG @1993 Dennis Lee™.
i“k“k*‘k'k****’k****‘A‘*&"A"L“A"A"i"k'k*“A'i**‘(‘w***‘l-*%**/
{
boolean exists file, expands;
struct ffblk file info;
char file name[80], path{80C];
register int i, j, new_argc=0;
char **argv_buffer = (char **)malloc(MAX FILES * sizeof({char *));

for{i=0; 1 < *argc; i++)
{

expands = NO; /* There's no wildcard '*' until you find one */

for(j = strlen{(*argv)[i])-1; J >= 0; j--)

{
L0 (Yargv) [L) () == '"*' )
{
expands = YES;
break;
}
}

if (expands)

{
strepy(file _name, (*argv)[il);
strepy(path, Obtains_path{({*argv)[i]}):

exists_file = !findfirst{file name, &file info, FA_RDONLY};
while (exists file)
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argv_buffer[new argc] = (char *)malloc(B80 * sizeof(char}):
strepyl(argv_buffer|new _argc), path);
atrcat(argv_buffey[new argce++], file info.ff name);

exists_file = !fTindnext(&file info):
}
}
else
{
argv_buffer[new_argc] = (char *Imalloc(80 * sizeof(char));
atrepylargv_buffer|new_argco++], (*argv){i));
}
}
Yargoe = new_arge;
Yargv = argv_buffer;
}
char *

Obtains_path (char *name)
/-A-**"k'k'*'l'**-k‘k4‘*-!--&’-}4‘k'k"k*‘*i"&‘*-k‘k-k-k‘-&-k*-k—l--ki-*-k'k

Eliminates the file name, leaving its path only.
Routine adapted from "InfoMPEG €1993 Dennis Lee.

ke ke ke ke ke sk bk ek ke ke ek ke ek ek sk ke ke ke ek

{

register int i

for({i=strlen(name)-1; name[i]!='\\"'" §&& name[i]!='/"' && namel[i]!=':'; i--}
name[i] = 0;

return name;

}

flendif

void
NameOut {char *output, char *input, char *executable name)
/*'A-i-%*'k-ki-***~A'«k+-k*4'%+~£'~A'~A(~A--k**-k*-k-i'-l--k—i--k**-k*
Obtains the output filename by adding/modifying an extension to the input.
The extension ls made from the first 3 (or less) letters of the program name
without the path.
**'A“L"A"l--l-‘A“A“A-'A--*-A‘-k'k*-iwﬁ-~A-~A~A»-k+~k-k'k-k**k-):‘k‘****'k'k‘*’/
{
register int i, j;
char extension{80];
/*char no_extension{80]; GLOBAL VAR. !*/

strepy(extension, executabkle name);

for(i = strlen({extension)y ~ 1;
1»=0 && extension(i]!="\\"' && extension[i]!='/' && extension(i]!l=':"';
i--)
extension(4] = '\0';
extension(C0} = '.';
for{j=1; Jj<d4; J++)
{
extension(j] = executable name[i+]];
if{extengion[j]=="'.")
{
extension[j]="'\0"';
break;
}
)

strepy{output, input);

for(i=strlen{output)=-1; i»=0; i--)
{
if(ouvtput(i]l=="'.")
{
output [1]="\0";
break;

}
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}

/*Global variable
stropy(no_extensio

streat (output, ext

void

FindSwitch {(int *argc,

/&*w***w**w**++*w*w+*+
Finds (and removes},
program behaviour.

initialization.*/
n, output);

ension);

char **argv(])
B R R o

in the command line arguments,

instructions

L R R R R ]
{
/* boolean extract, unconditional, log:
unsigned char detail; GLOBAL VAR. 1%/
register int i,
new_argoe=0;
char **argv_buffer = (char **)malloc(*arge * sizeof(char *));
/% Switches initialization {(defaults) */
extract = YES;
unconditional = NO;
log = NO;
detall = 1;
/* Search */
for(i=0; i arge; 1++}
{
1£{ (*argv)[11[0] == '~') /* gwitch indicator */
{
switch{ toupper( (*argv)[i][1l} ) )
{
case 'N'; /* Not extract PES */
extract = NQ;
break;
cage 'A': /* Unconditional PES extraction {without P3I)} */
unconditional = YES3;
break:
case 'L': /* Creates log file (errors and statistics) */
log = YES;
break;
case '0': /* Parsing fille with maximum detail */
detail = 0;
bhreak;
case '1': /% Parsing file without 'reserved' fields */
detail = 1;
break;
case '2': /* Parsing file without inactive flag fields */
detail = 2;
break;
default : fprintf(stderr,”\nInvalid switch !");
Program_Use();
break;
}
}
elae
{
argv_buffer{new_argec] = (char *)malloc(80 * sizeof(char)}):
strepylargv_buffer(new_arge++], (*argv)[i]);
}
}
*argo = new_argc;
*argv = argv_buffer;
}

main(int arge,

char *argvl[])

/'A‘*‘k'L"A‘*-ki'***'k‘k**'k-ki"k***-l“lr-k**'ki“l-**'A“A'*‘E‘A“k

Organizes the parsing of the input files.

The file is
Trangport Stream.

read first

as a Program Stream.

*‘l"k'k‘k-kﬂk-l'-k‘A"k’k**‘k‘k%*'L-***'J:i"k'k‘i“k*'l:'k'k‘k%‘*'k‘k'k/

{

to define

the

If not valid it's reanalysed as a
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/* boolean log;
char no_extension[80); GLOBAL VAR. !*/
FILE *in, *out;
char str{80], s{80];:
int file;

Findswitch{&arge, &argv); /* Initializes global variables according to the
command line.*/
#ifdef DOS
Expands_meta_och(&arge, &argv):
fendif

iffarge - 2) PFrogram_Use():;

for(file=1; file - arge; file++)

{
if((in=fopen{argvifile],"rh"}) == NULL)
{
gprintf{str, "\nrh ~ can't open $s", argv(file]};
perror(str);
continue;
}
NameOut (str, argvifile], argvI[0});:
Lf((out=Topen (str,"wt")) == NULL)
{
sprintf{s,"\nwt -~ can't open %s", str);

perror(s);
felose(in);
continue;

}

/*Buffers, using an indirect ¢all to malloc, for the input and output
streams in order to minimize disk access.*/

if (setvbuf(in, NULL, _TIOFBF, 15360} != 0}
fprintf(stderr,"\n(falled to set up buffer for input file)");

1f (setvbuf{out, NULL, _TOFBF, 15360) != 0)
fprintf(stderr,"\n(failed to set up buffer for output file)");

fprintf (stdout, "\nProcessing %s to %s\n", argvi(file], str);
fprintf{out,"%s parse:",argv(file));

1f( log ) /* file with errors and stream statistics */

{
sprintf{s,"%s.L0G", no_extension);
if {remove(s))
{
aprintf(str,"(can't remove %s (log file))", s);
perror{ste);
}
}
if( !'PROGRAM_STREAM (in, out) )
{
rewind{in);
if( !'TRANSPORT_STREAM(in, out) )
fprintf{stders,"\n%s isn't a valid IS013818-1 bitstreaw !'\n",argv(file]);
}

folose(in);
feclose(out);

}

return 0;

P¥IILEIETIIILE7 0700077007700 0 0077070070000 00 7084701777770 777777
PROGRAM _STREAM ROUTINES
LITIETIITTLII I 7070007070000 0000000000070 T 70000 Ei i i iriirir7*/

boolean
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PROGRAM STREAM (FILE *in, FILE *out)

/**4»***:1~*++i-++-L-*-A-*-»-f*-ri-%-i—*-9:+*-A-*-A-+-A--k++-1-

For the moment only reads MPEGl streams !
Returns YES or NO depending on a valid pargsing of the stream.
FkR kKB A Lk kR h ek kA ke ks r kb k ke ok ko bk

{
/* unsigned long n_TPs:
int byte;
boolean finished;
unsignrned long address,
next_address;

n Tks = 1; /*
STARTCODE _prefix{in);
address = frell{in);

variable initiallized just

GLOBAL VAR. 1*/

because of Warn()

byte = getc(in):
if{byte != OxBA) /* pack_start_code */
{

return NO; /* Invalid stream */

}
fprintfiout, " (address,
finished = NO;

while(!finished)

{

following bytes,

/* The start_code address is the prefix start */
fprintfiout, "\n%06X", address-3});

STARTCODE prefix{in);
next_addres:s ftell(in);

/* Number of following bhytes (not including start_codes)
fprintf(out,"%51ld %02X", next_address-4 -address, hyte);
switch{byte)
{

case 0x00: /* ¥/

fprintf (out, "
break;

*/

and the

vi{plcture_start_code)");

O0xBO: /* reserved */
OxB1:
e OxBo:

fprintf(out," RESERVED");
break;

case 0xB2: /v v/
fprintf{out," (user data_start_code]");
brreak;

case (0xB3: /v */
fprintf(out,” visequence header code)");
break;

case 0xB4: /* */
fprintfiout," v(sequence_error code]");
hreak;

case 0xB5: /» */
fprintf{out,” viextension_start_code)");
break;

case 0xB7: /% %/
fprintfiout,” visequence_end code}"):
Ihrreak;

case OxBg: /* %/
fprintf (out," vigroup_start code)");
break;

case OxBA: /* start of MPEG system stream */
fprintf (out," pack_start_code");
fgseek{in, address + 1, SEEK_S5ET);
PACK{in, out):
fseek(in, next address, SEEK_SET);
bireak;

case OxBB: /* start of MPEG system header */

fprintf{out,"
fseek({in, address + 1, SEEK_SET);
SYSTEM _HEADER (in, out);

fseek(in, next address, SEEK_SET);

system headeyr_start_vode");

start code, description)\n”);

STARTCODE

*/
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}

case 0OxBC:

case OxBD:

case 0OxBE:

case OxBE:

case 0OxB9:

default

bhreak:

/* stream id */

fprintf(out, "™ reserved stream"):
fseek(in, address + 1, SEEK SET):
PACKET (byte, in, out}; -
fseek(in, next address, SEEK SET);
break; - -

/v stream_id */
fprintf(out,” private_stream_1");
fseek(in, address + 1, SEEK _SET);
PACKET (byte, in, out);

fgeek{in, next address, SEEK _SET);
break;

/¥ stream_id */
fprintf(out,"” padding_stream");
feeek (in, address + 1, SEEK SET);
PACKET (byte, in, out);
feeek(in, next address, SEEK_SET);

break;
/v stream id */
fprintf{out,” private stream 2");

faeek (in, address + 1, SEEK_SETT;
PACKET (byte, in, out);

fseek{in, next address, SEEK _SET);
break:

/% end of MPEG system stream */
fprintf(out," isc_1117Z end_code™);
finished = YES;
break;

ifi{byte »0x00 && byte < 0xB0O) /* packet slices */
flarintf{out, " SLICEM™);

if (byter=0xC0 && byte<=0xDF) /* stream id */

{
fprintf(out,” Audio stream - numker "};
fprintf(out,”sd", byte & 31); /* mask 00011111B
fseek (in, address + 1, SEEK_SET);
PACKET {layte, in, out});
fseek {in, next_address, SEEK_SET);

}

if(byte>=0xE0 && byte<=0xEF) /* stream_id */

{

forintf{out,” Video stream - number '");

*/

fprintf{out,"4d", byte & 15); /* mask O000L111B */

fseek (in, address + 1, SEEK SET};

PACKET (hhyte, in, out);

fseek(in, next address, SEEK_SET);
)
if(byte»=0xF0 && byte«=0xFF) /* stream id */
{

fprintf{out,” reserved Data stream - number

")

fprintfout,"sd", byte & 15); /* mask 000011118 */

fseek(in, address + 1, SEEK 3ET);
PACKET (byte, in, out):
faeek (in, next address, SEEK_SET) ;

Mpremature EOF");
= YES;

= next_address;
etc{in);

b
}
if{tfinished)
{
if{feof(in))
{
Warn{out
finished
}
alse
{
address
hyte = g
}
}

}

return YE3; /* parsing done */
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void
STARTCODE prefix (FILE *streamn)
/*'i-i"k***'&'?iﬂkﬂlﬂ*-&nkﬂk&*-A-*A»-A—*k*—l—*i--k-A-*i‘***-k‘k-k-l'*

Inspects the stream sequentialy until a start_code prefix is found (0x000001).
Another routine will use the byte, left in the stream, which specifies the
start code type.

‘A‘-l'***;*%**%%***‘A‘*A~++++‘k*~kﬂk+'A‘*-&»L—*i-*»t-'l-*-&--k/

{

unsigned long counter=0;

while(!feof(stiream))
{
switch(getc(stream))
{
case 0x00: counter++;
break;
case 0x01l: if (counter »= 2) return;
default : counter=0;

volid
PACK (FILE *in, FILE *out)

R R R X

pack_start_code = 4 bytes (already read).

marker bits = 9 bits \
system clock_reference = 33 hits » 8 bytes.
mux_rate = 22 bits /

'4'*'!"&'**&'*'}-**-&-*-A'-A--{-*--l-'k~l“k++~k-k*-&‘-k**‘**-k»&*-l’-ﬁ'-k/
{
struct bit fields
{
fifdef DOS
/*Bits are ordered in DOS (lsbf, msbl) differently from UNIX (msbf, lsabl).
One could a ss bits dirvectly with masks and shifts but code would be
harder to read.*/

ungigned marker bit 1 E
unsigned system_ clock reference 32 30 @  3;
ungigned no_name : 43

unsigned system clock reference 29 22 :  §;

unsigned marker bit_ 2 1
ungigned system_clock_reference 21 15 : 7

~ v

unsigned system clock_reference 14 7 @  8;

unsigned marker bit_ 3 r 1
unsigned system_clock reference_6_0 7
unsigned mux_rate_21 15 Y
ungigned marker bit 4 HE
unsigned mux_rate_l4 7 i85
unsigned marker bit 5 o 1;
unsigned mux_rate 6 0 :  7;

felse
unsigned no_name 4;
unsigned system clock _reference_32 30 : 35
unsigned markeyr hit 1 : 1
unsigned system_clock_reference 29 2z : 8;
unsigned system clock reference 21 15 : 7
unsigned marker bit 2 F—.

ungigned system_clock reference 14 7 : 8;

unsigned system clock_reference_6_0 B
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unsigned marker it 3

unsigned
unsigned

marker bit 4
mux_rate 21 15

unsigned mux_rate 14 7

unsigned mux_rate_6_0
unsigned marker bit_5
flendif
M

register int 1i;
double sys_clk _xef;
unsigned long int mux_rate;
union
{
struct bit_fields blts;
char byte[8};
} SCR;

fprintf{out,"\n

/*Read 8 hytes of [3CR.*/
for(i=0; i<8; i++} SCR.byte{il=(char)getc{in):;
i1f( SCR.bits.no_name = (Ox02 ||
!'SCR.bits.marker bit 1 1)
ISCR.bits.marker bit 2 !
!SCR.bits.marker bit 3 |}
ISCR.bits.marker bit_4 |}
ISCR.bits.marker _bit 5 )
{
Warn(out, "Invalid markers in SCR");
return;
}

=

BCR.pits

sys_clk ref =

+5CR.bits
fprintf (out, ™|
sys_clk_ref/90000);

mix_rate = _
+SCR. bits.mux_rate 14 7 %
+3CR.bits.mux_rate_6_0;

128

fprintffout,"| mux_rate = %lu (%lu bytes/s)",
fprintf (out,"\n

}

void

SYSTEM HEADER (FILE *in, FILE *out)

/1‘***1-&4‘****1‘*****%i-*i‘****l'*i'i‘*‘l‘*’-}r%i‘****
system header stavrt code = 4 bytes

header length = 2 hytes
marker bits = 3 bits \
flags = 4 bits \
rate bound = 22 bits >
audio_bound = 6 bits /
video bound = % hits /

5 byt

{

I

reserved byte = 1 byte

stream_id = 1 byte \
no_name = 2 bits

STD_buffer bound_scale = 1 bit /
STD buffer size bound = 13 bits /

**i’**‘l“k*‘k'}:i‘“&"A“A"k‘l‘**‘L"A"A"}:*****i‘****‘k*****/

{

system clock reference =

SCR.bits.mux_rate 21 15 * 32768

\ 3 bytes *

stem_clock _reference 29 22 * 4194304
ystemn_clock_referer

ystem_clock_ reference_a_ 0 ;

/2

e 21 15 * 32768 fxo2n
e 14 7 % 128 /ro2n
tqg (%g s)\n",

mux_rate,

(already read).

n.streams

mux_rate*5Q);

stem_clock reference_32 30 * 1073741824 /* 273

<
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struct bit_

{
fifdef DOS

/*Bits are ordered in DOS {lsbf, msbl) differently from UNIX (mshf,

unsigned
unsigned

unsigned
unsigned

unsigned

unsigned
unsigned

unsigned
unsigned
unsigned

unsigned
unsigned
unsigned
unsigned

unsigned

felse
unsigned

unsigned

unsigned
unsigned

unsigned

unsigned
unsigned

unsigned
unsigned
unsigned

unsigned
unsigned
unsigned
unsigned

unsigned

fendif
}:

uniaon

{

fields

header_length_15 8
header_length_7_0
rate_bound_zl 15 :
marker bit 1
rate_bound_14 7 4
marker_bit U :
rate_hound_6_0 :
CspS_flag :

fixed flag
audio_bound

video bound
marker bit 3
sys_video lock flag

sy,waudiovlock:flaq
reserved byte

header_ length 15 8
header length 7 0 :
marker bit 1 :
rate_ bound_ 21 15
rate_lbound 14 7
rate_bound_6_0
marker bit_Z :
audio bound :
fixed flag :
C3ps_flag H

sys_audio lock_flag :
ays_video lock flag
marker bit 3 :
video lound

reserved byte

struct bit_fields bits;
char byte{8];

} lead;

struct stream fields

{

unsigned

#ifaef DOS
unsigned
unsigned
unsigned

telse
unsigned
unsigned
unsigned

fendif

stream id

STD_buf_size_bound_12_ 8
STD_buf _hound_scale
no_name

no_rame
STD_buf bound_scale
3TD _huf size bound_12 8

8;

8;

BN

[l |

b =

5;

1sbl).*/
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unsigned STD_buf_size bound 7 0 H:H
ki

union

{
struct stream filelds bits:
char bytel3]:;

} stream;

reglster Iint 1, header length, streams, stream id:
unsigned long int rate bound;

fprintflout, "\N ~= oo e e e ") ;

/*Read first 8 bytes of System header (fixed).*/
for(i=0; i<8; i++) lead.bytel[i]={char)geta(in);

if({ 'lead.bid
!lead.bit

lead.bits. )
{
Warn{(out,"Invalid mavkers in System Header™);
retiurn;
}

header length = lead.bits.header length 15 8 * 256
tlead.bits.header length_7_0;
fprintf{out,"| header length = %d hytes\n", header_ length);

rate_bound = lead.bits.rate bound 21 15 * 32768
+lead.bhits.rate bound 14 7 * 128
+lead.bits.Lafewbound:G_B;

fprintf(out,”| rate_bound = %lu", rate bound);

fprintf(out,” (maximum mux rate is %lu bytes/s)\n", rate bound*50);

fprintf(out,”| audio_bound = %d stream{s)\n", lead.bits.audio_bound);
fprintf(out,™] (maximuwn number of multiplexed audio streams)\n");

1f( lead.bits.fixed flag )

fprintf{out,"| fixed flag = 1 (fixed bitratej\n");
else h

fprintf{out,"| fixed flag = 0 (variable bitrate)\n"):

if{detail < 2 || lead.bits.C8P5_flag)
{
fprintf{out,™| C5PS_flag = %d", lead.bits.CSPS_flag);
1f( lead.bits.C5PS_flag )
fprintf(out,” (meets the C3PS constraints)\n");
else
fprintf{out," (stream not limited to the CSPS constraints)\n"});

if(detail = Z || lead.bits.sys_audio_lock_flag)
{
fprintf{out,”"| system audio_lock flag = 3d\n",lead.bits.sys_audio_lock flag):
if( lead.bits.sys _audio lock flag )
fprintf(out,"l_(conafant Telationship between the sampling rate and the system
clock)\n™);
else
fprintf(out, ™| (independent system clock)\n™);

}
if(detail < 2 || lead.bits.sys video_lock_flag)
{

fprintf(out,"| asystem video_lock_flag = %d\n",lead.bits.sys_video_lock_flag);
if( lead.bits.sys video_lock_flag |
fprintf(out,"| (constant relationship between the sampling rate and the system
clock)i\n");
else
fprintf{out, "] (independent system clock)\n"};
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fprintfiout,"|
forintf(cut, "l

if(detail 1)
fprintf{out,"!

video bound =
(maximum number of multiplexed video streams)\n");

%d stream{s)\n", lead.bits.video_bound);

reserved_byte

gd\n", lead.bits.reserved byte};

streams =

if{streams %

{
Warn{out,"Elementary streams of not
return;

}

streams /= 3

fprintf{out,

header length -
3)

6

fit header length");

PR

"I Elementary stream(s) = $d\n", streams};
while (streams)
{

/*Read 3 bytes

for(i=0; 1i-.3;

of streams. ¥/
i++})  stream.byte(il={char)getc(in);

stream _id = stream.bits.stream id;
RemoveStream (0, stream id);
fprintf(out,”\n| Stream

X 3 ", stream id);

switch{ stream_id )
{
case 0xB8: /* atream_id */
fprintf{out,"refers to all audio streams");
break;
case OxB9: /* stream id %/

fprintf(uu%,"refers to all video streams");
break;

case OxBC: /% stream id »/
fprintf(out, "reserved stream™);
break; -
case OxBD: /* stream_id */
fprintf{out,"private stream 1");:
break; -
case OxBE: /* stream id */
fprintf(owut, "padding stream™);
break; -
case OxBF: /¥ stream _id */
fprintf(out,"private _stream 2");
break; -
default
if{stream id>=0xC0 && stream_id<=0xDF)}
{
fprintf{out,"Audic stream - number "):
fprintfl{out,"sd", stream id & 31);
/* mask 00011111B */
}
if(stream_id»=0xE0 && stream_id«<=0xEF)
{
fprintf(out,"Video stream - number "):
tprintf(out,"3%d", stream id & 15);
/* mask 00001111R */
}
if(stream id»=0xF0 && stream_id<=0xFF)
{
fprintf{out,"reserved Data stream - number ");
fprintf(out,"sd", stream_id & 15);
/* mask 00001111B */
}
}
if({ stream.bits.no _name != 3 ) Warn{out,"Invalid marker");
else
{

fprintf (out,"\n| STD_buffer bound_scale =

3d", stream.bits.STD buf bound_scale);

fprintf}out,"\nl STD buffer size bound =

%d", stream.bits.3TD_buf_size bound_12 8*256+stream.bits.STD _buf_ size bound 7 _0);

fprintf{out,"\n| (Maximum buffer size = ");
if(stream.bits.sTD_huf bound_scale)

fprintf(out, "%1ld

bytes)\n", (long) (stream.bits.5TD buf size_bound_12_ 8*266+stream.bits.sSTD_buf_size boun

d 7 _0)*10z24});
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else
fprintf{out,"%ld

bytes)\n",(lonq)(stream.bits.STD_buf‘size_bound~12_8*256+stxeam.bits.STD_buf_size_boun

d_7_0)*128);
}
streams--;

}
fprintflout,” ——r e e e \n");

}

void
FACKET {int stream_id, FILE *in, FILE *out}

[ ek ek ke ke ke ek e ke ke ok ok ke s e e ko e e ke ke ke

packet_start_code = 4 bytes (already read).
packet_length = I bytes

stuffing byte (0xFF) = max 16 bytes
especificacao buffer = 2 bytes

especificacac time stamps = 1 or 5 or 10 bytes

ek ok ke ek ek ok sk ke e kok ek Rk Rk ok
{
struct buffer fields
{
#ifdef DOS
/*Bits are ordered in DO3 (lshf, msbl) differently from UNIX (msbf, lsbl)

unsigned STD_buf size 12 8 5;

unsigned STD_buf_scale HE

unsigned no_ﬁame 2;
felse

unsigned no_name 2

unsigned STD buf scale I

unsigned STD buf size 12 8 : 5;
fendif

unsigned STD_buf_size 7 0 T8

ti

union

{
struct buffer fields bits;
char bytel2];

} buffer;

struct time_stamps_fields
{
#ifdef DOS
unsigned marker it 1 : 1;

unsigned PTS 32 30 : 3;
unsigned no_name_1 H
unsigned PTS5_29 22 ¢ 8;
unsigned marker bit_ 2 : 1;
unsigned PTS 21 15 : 7;
unsigned PTS_14 7 : 85

unsigned marker bit 3 : 1;
unsigned PTS_ 6 0 HE

unsignhed macker bit 4 @ 1;

unsigned DTS 32 30 HECH
unsigned no_name_2 45
unsigned DTS_29 22 8
unsigned marker bit & : 1;
unsigned DTS_21 15 73
unsigned DTS 14 7 : B;

S/
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unsigned marker_ pit_e : 1;

unsigned DTS _6_0 I
flelse

unsigned no_name_1 HE

unsigned PTS_ 32 30 HIICH

unsigned marker_bit 1 : 1;

unsigned PTS_29_22  8;
unsigned PTS_ 21 15 -
unsigned marker bit_z : 1;
unsigned PTS_14 7 : 8;
unsigned PTS_6_0 HE

unsigned marker bit 3 : 1;
unsigned no_name_Z HECH
unsigned DTS_32 30 35
unsigned marker_bit 4 : 1;

ptsl

unsigned DTS 29 22 o8y
unsigned DTS_21 15 HE
unsigned marker_bit_ 5 : 1;

unsigned DTS 14 7 HE -

unsigned DTS 6 0 7
unsigned marker bit 6 : 1;

ffendif
}i

union

{
struct time_stamps fields bits;
char byte{10]:

} time:

register int i, byte, packet length;
double time stamp;

fprintf{out, "\n = s e e e \n"i;

packet_length = getc(in)*256 + getcl(in); /*2 bytes*/

fprintf(out,”| packet_length = %d bytes\n", packet length);
if(stream_id != OxBF) /*private_stream 2%/
{
/*stuffing_bytex/
i=0;
do
{
i+t
if(i » 17)
{
Warn{out,"Too much stuffing bytes (»16)"};
return; B
}
byte = geto{in);
} while(byte == O0xFF);
fprintf(out,"| stuffing bytes = %d\n", i-1);
packet length —-= i-1;

buffer.byte[0] = (charlbyte;
if(buffer.bits.no_name == 1)

{
buffer.byte[l] = (char)getc(in);

fprintf{out, | STD _buffer scale = %d\n" ,buffer.bits.STD_buf_scale);

fprintf{out,"| STD_buffer size
gd\n",buffer.bits.5TD buf size 12 8*256tbuffer.bits.STD buf size 7 _0):
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fprintfiout,"| (Buffer size = ");
if{buffer.bits.8TD_buf_scale)
fprintfiout, "%$ld
bytes)\h",(lonq)(buffet.bits.STD_bufﬁsi26_12_8*256+buffex.bits.STD_bufﬁsize_T_O)*1024)
alse
fprintf{out, "%ld
bytes)\n",(lonq)(buffer.bits.STD_bufhsizele 8*256+buffer.bits.STD buf size 7 0)*128);
packet_length -= 2; - - . -
byte = getcl{in);

}

if(byte == 0x0OF)

{
fprintf(out, | No time stamps\n™);
packet length--;

}

else

{

time.byte[0] = bhyte;

if (time.bits.no name 1!1=2 && time.bits.no name 11=3)

{
Warn(out,"Invalid marker(s) in packet header (time stamps)");
return;

}

i++) time.byte[i]=(char)getc(in};

for(i=l; i5;
its.marker bit 1 ||

LEL ltime.b

'time.bits.marker bit 2 |
'time.bits.marker bit 3 )
{
Warn{out,"Invalid marker{s) in packet header (PTS5)");
return;
}

time_stamp = time.bits.PTs_ 32

30 * 1073741824 /> 2730 */

ttime.bits.PTS_ 29 22 * 4194304 JroEn2z */
ttime.bits. PTS_21 15 = 32768 /LG x/
+time.bits.PT5_14 7 * 128 JrRo20T %/
ttime.bits.PTS 6 0 ;
fprintf{out, | presentation time stamp = %g (%g
si\n",time_stamp,time stamp/9%90000); - -
packet length -= 5;
if{time.bits.no_name_1 == 3)
{
for{i=5 1i<10; i++) time.bytefil=(char)geta(in);
1f{ time.bi marker_bit 4 ||
'time.bits.marker kit § ||
'time.bi :.mark@rﬁbit:ﬁ I
!time.bitﬁ.no_nameMZ }
{
Warn(out,"Invalid marker(s) in packet header (DTS)");
return;
}
time stamp = time.bits.DTSE 32 30 * 1073741824 /* 2~30 */
+time.bits.DTS 29 22 * 4194304 Jronnzz2 xf
trime.bits.DTS_21 15 * 32768 AN IR
ttime.bits.DTS_14_7 * 128 VA
ttime.bits.DTE 6 0 ;
fprintfiout, "} decoding time stamp = %q {%g
s)\n",time_stamp,time_Etamp/9000O)?- -
packet_length -= 5;
}
}
fprintf(out,”"! packet data = %d bytes\n", packet_length);

}

/* Elementary
if{stream id

streams extraction */
OxBE) Extracts(in, 0, stream_id, packet_ length);

fprintf(out, " —mm e o e e e \n");

void
RemoveStream (int PID, int stream_id)
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Used in "@YSTEM_HEADER()' and FPES PACKET{)'.
Removes the stream file in order to prevent 'Extracts(}' from adding streams
to existing trash.

{
/* boolean extract;
char no_extel..on(BO}; GLOBAL VAR. !*/
char s[80], str[80];

if{ extract )
{
sprintf{s,"%.4s%04%, 8¥X", no_extension, PID, stream_id);
if(remove(s))
{
sprintf{sty, "(can't remove $%$s (elementary stream)}", s5):
perrov{styr);

}

void
Extracts (FILE *in, int PID, int stream id, int length)
/'A"A“k'l“k‘k*-%'*******Ir****A—v*a\'-k'k~r-k--k*a—+~h-i—ﬂ-*-l—+-£—+*
Adds packet_data_bytes to a file which name is composed of the input filename
and the PID, and which extension is the stream_ld in hexadecimal.
The number of bytes written (length) should be the indicated in the
packet_header, not the number of bytes until next packet.
R O R i L R -A-/
{
/* boolean extract;
char no_extension[80); GLOBAL VAR. !*/
char str{80], s[80];
FILE *stream;

if( lextract ) /* Ignores */
{
fseek(in, length, SEEK_CUR) ;
return;

}

sprintf(s,"%.42%

04%.%%X", no_extension, PID, stream_id};

if{{stream=~fopen{s,Tab")} == NULL)

{
sprintf{sty, "\nab - can't open %s (elementary stream)", s);
perror{sto);
return;

}
while{length--) putci(getc{in),stream);

fclose{stream);

P¥LILITITATIT 1L TI T I I 1000 P 0TI IFI7 LA E I 7071 iR 70 1717007777177
TRANSPORT _3TREAM ROUTINES
LILELTIIT LI 0TI 0TI 0T 0 T 0PI 0101107700771 0 7777000070071 701777707707%]

boolean
TRANSPORT STREAM (FILE *in, FILE *out)
/-k-A“k**k‘lnk*k:'k'A"A"k*kﬂk*-A--kaﬂk-lr-k%%*'k-b-lﬂ-l--k-l-*-x'*-k**'k

In the Transport Packets (TPs) identification I assume that there can bhe trash
between packets and without synchronism byte emulation.

Returns YES or NO depending on a valid stream parsing.

Counts the number of processed packets.

Initializes the PSI (Program Specific Information) linked list pointers
{global variables). An empty table is a one element list.
+**-A-*>k+~l"k"!“A"A"k*‘i‘*L“A--A—*l‘~A-'k<A—*-l-i—+-k-k**'k-k*-k*‘k'k*/

{

/* PAT_ptr PAT, new_PAT; PMT ptr PMT, new_PMT; CAT_ ptr CAT, new CAT;
int PAT_version, PMT_version, CAT version;
hoolean unconditicnal;
unsigned long n_TPs; GLOBAL VAR.! */
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boolean aux; PAT_ptr pat_aux; PMT_ptr pmt_aux; CAT_ptr cat_aux;/*Auxiliary*/

while{getc(in) != 0x47) if(feof({in)) creturn NO; /* Luck 2 */

/* Initialization of P8I tables (empty).*/

if( (new_PAT=(PAT ptr)malloc(sizeof(struct PA table)}} == NULL
{puts ("TRANSPORT STREAM(): malloc error"); exit(1l):}

new_ PAT- next=NULL;

1£( (new PMT=(PMT _ptr)malloc(sizeof{struct PM_table))) == NULL
{puts ("TRANSPORT_STREAM(): malloc error™); exit{l);}

new PMT->next=NULL;

if( (new_CAT=(CAT_ ptrimalloc({sizeof(struct CA_table))) == NULL
{puts ("TRANSPORT STREAM(): malloc error"); exit(l):}

new_CAT~->next=NULL;

PAT = new PAT; /% The current table is new */

EMT = new_ PMT;

CAT = new_CAT;

PAT version = 0;

EMT_version = 0;

CAT_version = 0;

/* Initialization of a PMT type table used to extract PEZ hefore the PSI

tables are complete */

if{ unconditional )

{
if( (ALL=(EMT_ptrimalloc(sizecf(struct PM table)))
{puts ("TRANSPORT STREAM(): malloc error™}; exit(1l);}
ALL->»next=NULL;

}

else ALL = NULL;

T3_TRANSPORT PACKET (in, out);
n_Tks = 1;
fprintf{out,™i\n");
printf{"T8_packets:\nl\t\a"};

while( !feof{in) )} if(getc({in) == 0x47)
{
TSmTRANHPORT_PAGKET(in, out};
n_TPEat++;
fprintf(out, "s1ld\n", n_Tbs);
printf{"sld\t", n_TPs);
}

printf{"\a");

/* Memory release */

if (ALL != NULL)
{
while{(ALL-:next != NULL)
{
pmt_aux = ALL-»next;
free (ALL);
ALL = pmt_aux;
}
free{ALL);

LE{PAT == new PAT) aux = NO;
else aux = YES;

if (PAT !'= NULL)
{
while{PAT- next != NULL}
{
pat_aux = PAT-lnext;
free(PAT);
PAT = pat_aux;
}
free (PAT);

)

)

}
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1f(aux && new PAT !s= NULL)

{
while{new PAT- next != NULL)
{

pat_aux = new_PAT->next;
free(new PAT);
new_ PAT = pat_aux;

}
free(new PAT);
}
LE(PMT == new PMT} aux = NO;

else aux = YES;

if(PMT != NULL)
{
while (PMT->next != NULL)
{
pmt_aux = PMT-"next;
free(PMT);
BMT = pmt_aux;

1
free (PMT);
}
if{aux && new FPMT != NULL)
{
while (new_ PMT--next != NULL)
{
pmt__aux = new PMT-inext;
free(new PMT]);
new_ PMT = pmt_aux;
)
free(new_ EMT);
}
1E({CAT == new_CAT) aux = NO;
else aux = YES;

1f(CAT 1= NULL)
{
while (CAT- next != NULL)
{
cat_aux = CAT- next;
free (CAT);
CAT = cat_aux;
}
freae (CAT);
}

if{aux && new CAT != NULL)
{
while(new CAT-»next != NULL)
{
cat_aux = new CAT-"next;
free{new CAT);
new_CAT = cat_aux;
}

free(new_ CAT);

return YES;

void
TS_TRANSPORT PACKET (FILE *in, FILE *out)

/'k‘k-k*~A"A“ki“k*k‘k*%«lﬂi"l-'&*‘A'*~l'~!"A~‘l'“k**‘i.‘***‘ki‘-k*'&*‘l—

sync_byte = 1 byte (already read).

transport_error indicator = 1 bit A

payload_unit_start indicator = 1 bit \

transport_priority = 1 bit
PID = 13 bits

w3 hytes.
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transport_scrambling_control = 2 pits /
adaptation_field control = 2 bits /
continuity counter = 4 bits /

adaptation_field and/or data_bytes = until 184 bytes.

‘A‘*‘l‘*‘i‘*i“k******A"A"A‘**“){*'A'*"A'**A—’ki—**»k****i’%*/

struct header bits
{
#ifdef DOS
/*Bits are ordered in DOJ (lsbf, msbl) differently from UNIX (mshf, lsbhl).
One could ac s bits directly with masks and shifts but code would be
harder to read.*/

unsigned PID 12 8 5
unsigned transport _priovity H 1;
unsigned payload unit start_indicator 1 1;
unsigned transport_error_indicator L
unsigned pPID 7_0 i 8;

unsigned continuity counter H 4;
unsigned adaptation_field control 23
unsigned transport _scrambling control 23

flelse

unsigned transport_error indicator 1;
unsigned payload_unit_start_indicator 1;
unsigned transport priority 1;
unsigned PID_12 8 5;

unsigned PID 7 0 t8;

unsigned transport_scrambling control :  2;

unsigned adaptation_field_control V-
ungsigned continuity counter HECH
fendif
}i
unian
{

struct header bits bits;
char byte{3]:
} header;

int PID;
/* PAT ptr PAT; EMT ptyr PMT, ALL; GLOBAL VAR.! */

register int i;
char str[80];
int bytes read;
int BM_flag;
PAT ptr PA ptr;
PMT_ptr PES ptr;

fprintf(out, " \n ~ = e e e \n");

/*Read 3 bytes of TP header,*/
for(i=0; i<3; i++) header.byte[i]={(char)igetc(in);
if( feof(in) )
{
Warn(out, "Premature EOF in TP headex");
return;
}
bytes _read = 4;

/% Packet Identifier */

PID = header.bits.PID 12 8 * 2586
+header.bits.PID:7_6;

fprintf (out,"| PID = 0x%¥C4X ", PID);

if(PID == 0} fprintf(out,"(Program Association Table)");
1f({PID == 1} fprintf{out,"(Conditional Access Table)");
If{PID == Ox1FFF}

{
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fprintf{out, " (Null Packet");
if{ header.bits.payload _unit_start indicator i|
header.bits.transport _scrambling_control ||
'header.bits.adaptation_field_control
)
fprintf{out," with invalid header");
fprintf{out,")");

}

/* transport_evror indicator */
fprintf(out, "\n| trangsport error indicator
8d", header.bits.transport_error indicator):; a B
if¢ header.bits.t[an$purt_errat indicator )
fprintf (out,”" (at least vnhe uncorrectable bit error)");

/* payload_unit_start indicator */
fprint £ {out,"\n| payload_unit_start_indicator

%d\n",header.bits.payloadhunit_atart”indicator);

/* transport_priovity */
fprintf (out, "} transport_priority
%d\n", header.bits.transport_priovity);

/* transport_scrambling control */
fprintfiout,"] transport scrambling control
sd", header.bits.transport_scrambling control); ) -
if( header.bits.transport scrambling control )
forintf (out," (scrambled - user defined)\n");
else

fprintf{out,"\n");

/* adaptation field_control */
fprintfiout,"!| adaptation_field_control
",header.bits.adaptation_field_controij;
switch ( headeL.bits.adaptationwfield_control )

{
cagse 0: 1 = 188 - bytes read;
fprintf{out, " (Reserved for future use: 3d bytes ignored)\n",i);
fseek({in, i, SEEK CUR};
Cprintf(out, M - e "y
return;
case l: fprintf(out, ™ (payload only)\n");
break;
case 2: fprintf{out,” (adaptation field only)\n");
break;
case 3: fprintf(out, " {adaptation_field followed by payload)\n");
Ireak;
}
/* continuity counter */
/*
SEE STANDARD !!!
Ny
fprintf{out,"| continuity_counter = %d ", header.bits.continuity counter);

fprintfi{out, " {counter of payloads with the same PID)\n");

If(RPID == OX1FFF)
{
i =188 - bytes read;
feeek({in, 1, SEEK_CUR); /*Ignores rest of packet*/
bytes read = 188;
fprintf{out," ———-rme e e e e ")
return;

}

/* adaptation _field */

i = header.bits.adaptation_field_ control;

if( i ==2 ]} 1 ==23) TS_ADAPTATION_FIELD(i, &bytes_ read, in, out);

/* payload */

1f{ header.bits.adaptation_field control == 1 ||
headet.bits.adaptation:field_control == 3 )
{
if(bytes read »>= 188} Warn(out,"No space for payload");
elae B
{
i = header.bits.payload_unit_start_indicator;
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/¥

Lf(pPID

else

LE(PID

else

{

== () T5_PROGRAM _ABSOCIATION _SECTION(i, &bytes read, in, out);

== 1) T5_CA _SECTION(Li, &bytes read, in, out};

PA_ptr = PA _PID(PAT, FID, &EM_flag);

1f(PA_ptr != NULL)

{
LE(YEM_flag) fprintf{out,"I\n| (Network Information Table)\n");
alse
TS_FPROGRAM_MAP SECTION(L, sbytes_read, in, out):

)

else

{

if( CA_PID(FID) } CA() else ... */

/*If there's a table with all PIDs then PES extraction is
independent of PMT */
LEf(ALL !'= NULL)

(
PES ptr = ALL PID(ALL, PID});
i (PES_ptr == NULL)
{
/*Linked list new element.*/
if( (PES_ptr=(PMT_ptrimalloc(sizeof({struct PM table))) == NULL )
{puts ("TS_TRANSPORT PACKET(): malloc error™); exit(l);:)
/*Insert new element in table. At the list start, just after the
head */
PES ptr-rnext = ALL- next;
ALL-"next = PES ptr;
PES_ptr-relementary PID = PID;
_prtr--old_stream removed = NO;
PES_ptr--field = 0; /*PES PACKET() ignored if there's no unit_start*/
]
else /* duplicate packets */
LE(PES_ptr-scontinuity counter == header.bits.continuity counter)
{

i = 188 - bytes read;

sprintf{str,"Duplicate packets: payload ignored (%d bytes)",i);
Warn{out, str);

fseek(in, i, SEEK_CUR): /*Ignores rest of packet¥/

bytes read = 188;

fprintf(out,” =—=emm e e ")
return;

}
PES_ptr--scontinuity counter = header.bits.continuity counter;
PESIPACKET(P Rmptl,f,&bytes_read,in,out); -

}

elae

{

PES_ptr = Elementary PID(PMT, PID),

if( PES_ptr

NULL &&
PES ptr-rcontinuity_counter != header.bits.continuity counter )

{
PES ptr-scontinuity_counter = header.bits.continuity counter;
PES_PACKET (PES ptr, i, &hytes read, in, out);

}

elge

{

1 =188 - bytes read;
fseek(in, i, SEEK _CUR); /*Ignores rest of packet*/
bytes_read = 188;

if(PES ptr == NULL)
sprintf(ste, "Unknown PID: payload ignored (%d hytes)",1);

sprintf{atr,"Duplicate packets: payload ignored (%d bytes)",i);

Warn(out, sty);
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fprintf(out,"
)

PAT ptr

PA_PID (PAT_ptr table, int PID, int *PM_flag)
ke e e e ke ke e sk ek ok ke ke sk e e sk sk el K ke ke ok ke

Searches PA_table (GLOBAL) looking for the PID given as an argument.

If found it's relative (except for program number = 0, Network) to packets
with PM_table (the flag is activated).

Returns a pointer to the found table entry {(or NULL).

The first element of the linked isn't part of the table information.
*'A"(--k'k‘k*i‘-l-**-l'-l"k-k**-l-i'-l-'P‘Q"i“A‘"A-'A‘-A"A***k*'l"l’**-ki‘*/

PAT ptr ptr:

*PM_flag = 0;
if({table != NULL) /*active table*/
{
ptr = table-rnext;
while{ptr != NULL)
{
if{ptr-+PID == PID)
{
lf(ptr-rprogram_number != 0) *PM flag = 1;
return ptr;
}
ptr = ptyr--next;
}
}

return NULL;

PMT ptr
BElementavy PID (PMT ptr table, int PID)
ek e ok A e kel ok ek o ek ok ek K

Searches PM_table (GLOBAL) looking for the PID given as an argument.
If found it's relative to packets with elementary streams.
Returns a pointer to the found table entry (or NULL).
The first element of the linked isn't part of the table information.
*"kw'k‘k**‘l‘*'k**‘k**-k-kﬁkw-k-i-i--A'*A-'J‘-A"l“lv*'k*w'!-**'k~Af*/
{

PMT ptr ptr;

if({table != NULL) /*active table*/
{
ptr = table--next;
while{ptr != NULL}
{
if(ptr-relementary PID == PID) return ptr;
ptr = ptr-rnext;
}
}

return NULL;

PMT“ptI
ALL_PID (PMT_ptr table, int PID)
/**T*w***w******++w+**+wwwww+%ww+*w+++*

Searches ALL table (GLOBAL) looking for the PID given as an argument.
If found 1t could be relative to packets with elementary streams.
Returns a pointer to the found table entry {(or NULL).

The first element of the linked isn't part of the table information.
*i‘***'k'k****-l-i"k"k'k*‘l-i-*k"‘-:l—*-{d-k%**%*******'k‘*/

{
PMT ptr ptr;
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if(table == NULL)

{ puts(Merror!™); exit(3); }

ptr = table-inext;
while{ptr != NULL)
{
if{ptr-—relementary PID == PID)
ptr = ptr--next;
}
return NULL;
}
void
T3 _ADAPTATION FIELD (int control,

AT kR TRk bk kb ok
adaptation field length = 1 byte
descontinuity indicator =
random_acc _indicator = 1 bit
elementary stream priority indicator =
PCR flag = 1 bit

OFCR_flag = 1 bit

splicing point_flag = 1 bit
transport private data flag = 1 bit
adaptation_fieidigxtengionaflag =1

1 bit

it

program_clock reference base = 33 bits
reserved = 6 bits

program_clock reference extension = 9

original program_clock reference_base =

regerved = ¢ bits

original_program clock_reference extension =

splice_countdown = 1 optional byte.

transport_private_data length =
private_data byte = n optional bytes.

int *bytes read,

return ptr;

FILE *in, FILE *out)

1 bit \

1 byte.

> 6 optional bytes.

33 bits \
6 optional bytes.

9 bits /

1 optional byte,

adaptation_field extension length = 8 bits \
ltw_flag = 1 bit \
piecewise_rate_flag = 1 bit 2 optional bytes.
seamless_splice_flag = 1 bit /
reserved = & bits /
stuffing byte = n optional bytes.
R O O e i O o O O R o O S T ) /
{
struct flag bits
{

#ifdef DOS

/*Bits are orderved in DOS (lsbf,

mshl)

differently from UNIX {mshf, lshl).

One could access bits directly with masks and shifts but code would be

hardey
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

to read.*/

transport_private data flag
aplicing point_flag
OPCR_flag

PCR_flag
random_access_indicator
descontinuity indicator

felse
unsigned
unsigned
unsigned
unsigned
ungigned
unsigned
unsigned
unsigned

descontinuity indicator
random access indicator

PCR_flag

OPCR_flag

splicing point_flag
transport _private data_flag

adaptation_field extension_ flag

elementary stream priority indicator :

elementary stream priority indicator :

adaptation_field extension_flag

S i
v o

w e we e

e e e

O T g S P

NN e e we
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fendif
Vi

union

{
struct flag bits bits;
char byte;

} flags:
struct PCR _bits /* Used for PCR and OPCR */
( unsigned PCR_base 3& 25 8

unsigned PCR_base 24 17 co8;

unsigned PCR_bage 16 9 : 8

unsigned PCR _base 8 1 HE -

fifdef DOS

unsigned PCR_extension_ 8 H H

unsigned reserved : [°H

unsigned PCR _base 0 : H
felse

unsigned FCR_base 0 : 1;

unsigned reserved HE

unsigned PCR_extension_8 : 1

fendif

unsigned PCR_extension 7 0 @  8;

}i

union

{
struct PCR_bits bits;
char bytel[6];

} PCR;

struct extension_flag bits
{
#ifdef DOS
unsigned reserpved H 52
unsigned seamless splice flag @ 1;
unsignred piecewiﬂ:-rate‘flag 1
unsigned ltw flag 1:

telse
ungsigned ltw flag o 1;
unsigned plecewise rate flag HE
unsigned seamless splice flag 1;
unsigned reserved 5;
flendif
bi
union
{

struct extension_flag_khits bits;
char byte;
} extension;

atruct ltw bits

{
#ifdeft DOS
unsigned ltw offset 14 8 7
unsigned ltw_valid flag : 1

felse
unsigned ltw valid flag : 1
unsigned ltw offset 14 8 @ 7;
fendif

unsigned ltw offset 7 0 @ 8;
)i

union
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{
struct ltw bits bits:
char bytel2];

boltw:

struct plecewise rate bits

{
#ifdef DOS

unsigned plecewise rate 21 _l6 :

unsigned
felse
unsigned
unsigned
fendif
unsigned
bi

union

{

raeselved

reserved

plecewise rate 21 16

plecewise rate_15_ 8
unsigned plecewise_rate 7_0

struct plecewise_rate_bits
char bytell];
} plecewise rate;

struct seamless splice bits

{

#ifdef DOI
unsigned
unsigned
unsigned

unsignhed

unsigned
unsigned

unsigned

unsigned
unsigned

ffelse
unsigned
unsigned
unsigned

unsigned

unsigned
unsigned

unsigned

unsigned
unsigned

fendif
}i

union

{

struct seamless

marker bit 1
DTS_next au_32 30
aplice type

DTS _next _au 29 22

marker bit 2
DTE_next_au 21 15

DTS _next au 14 8
marker bit 3

DTS _next_au 7 0

aplice type
DTS_next_au_32 30
marker bhit 1

DTS _next_au 29 22

DTS _next _au 21 15
marker Init 2

DTS next_au 14 8

DTS _next_au 7 0

marker bit 3

splice bit

char byte[5];

} splice;

&

bits;

bits;

int adaptation_field length;

double PCR_base,
OPCR_base,

int aplice_countdown,
transport_private_data_length,
adaptation_field extension_length,
stuffing bytes;

PUR_extension,
OPCR_extension;

[N,
. v

[e%3
e e

[}

[ae]
~e e
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char str[80];
register int i,

n_bytes;/*counter of byres in the adaptation_field*/

TPrintf(out," |ADAPTATION FIELDA # %kt s bs vl bdduiksdaisbsnsrrinh);

/*Read adaptation_field length.*/

adaptation_field length = getc(in);

if{ feof(in)

{
Warn(out,"Fremature EOF in adaptation_field length");
axit {1};

}

n_bytes = 1;

fprintf(out, "] adaptation_field length = %d\n",adaptation_field length});

if(control
control == 2 && adaptation_field length != 183 )

{
i = 188 - *bytes read -n_bytes;
sprintf(str,"Invalid length: %d bytes ignored",i):
Warn(out, str):
fseek (in, 1, SEEK _CUR); /*Ignores rest of packet*/
*bytes read = 188;
return;
}
if{tadaptation_field_length) /* single stuffing byte*/
{

*hbytes_read += n_bytes;

return;
/* To be able to read MATRA bitstream one has to go hack | %/
/* fseek(in, -1, SEEK CUR); return; */
}
/*Read flags byre.*/
flags.byte = (char)getc{in);
if{ feof({in) )
{
Warn{out, "Fremature EOF in flags");
exit(l);
}
n_bytes++;
/* descontinuity indicator */
i = flags.bits.descontinuity indicator;
/*
SEE STANDARD !1!!
*/
if(detail < 2 || 1)
{
fprintf{out,”| descontinuity indicator = %d ", i);
if{i) fprintf(out,"(new time base (PCR) in this or next
PID)");
fprintf(out,”\n");
}
/* random_access indicator */
i = flags.bits.vandom access_indicator;
/+
SEE STANDARD 11
*/
if{detail < 2 [| i)
fprintf(out, " random_access indicator = %d\n", 1);
/* elementary_stream priorvity indicator */
1 = flags.bitg.elementary_stream priority indicator;
if(detail < 2 || 1)
fprintf(out,"| ES priority indicator = %d\n", 1i);
/* PBCR_flag */
i = flags.bits.PCR_flag;
if{detail ~ 2 || 1)
fprintf(out,"| PCR flag = %d\n", i);

/* OPCR_flag */
i = flags.bits.OPCR flag;

packet (s)

3 && (adaptation_field_length - 183 || adaptation field length

with

1 1

the same
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if({detail « 2 (| 1}
fprintf(out,"| OPCR flag = %d\n", 1):

/* splicing_point_flag */
i = flags.bits.splicing_point_flag;

if{detail « 2 ] 1)
fprintf(out,”"! splicing point_ flag = $d\n", i):

/* transport_private data_flag */

i = flags.bits.transport_private_data_flag:
if{detail ~ 2 || i)
fprintf(out,"| transport private_data_flag = $d\n", i});

/* adaptation_field extension_flag */
i = flags.bits.adaptation_field extension flag;
if(detail « 2 || 1)
fprintf{out,"| adaptation_field extension_flag = %d\n", 1);

/¥ Program Clock Reference */

if({ flags.bits.PCR_flag }

{
/*Read 6 hytes of PCR.>/
for{i=0; i<6; i++} PCR.byteli)=(char)getc(in);
if( feof{in) )

{

Warn{out,"Premature EOF in PCRY™);
exit{l});

}

n_bytes += §;

PCR _base = (douhle)PCR.bits.PCR _base 32 25 * 33554432
+ldouble) PCR.bits. PCR _base 24 17 + 131072
+({double) PCR.bits.PCR_hase 16 9 + 512

>

+(double)PCR.1ts. PCR_base_8 1 *
t({double)PCR.bits. PCR_base 0;
fprintf(out,"i\n| PCR_base = %g\n", PCR_hase);

if{detail « 1)

fprintf{out," | reserved = %d\n", PCR.bits.reserved);
PCR_extension = {double)PCR.bits.PCR_extension 8 * 256
+{double) PCR.bits, PCR_extension_7_0;
fprintf(out,"| PCR _extension = %g ", PCR_extension);

fprintf{out,"(PCR = %g s}\n", (PCR_hase*300+FCR_extension)/27000000};
}

/* Original Program Clock Reference ¥/
1f( flags.hits.OPCR_flag )
{
/*Read 6 bytes of OPCR.*/
for{i=0; i<6; i++) PCR.byte([i]l=(charigetc(in);
if( feof{in)
{
Warn{out,"Premature EQF in OPCR");
exit(1l);
}

n_hytes += 6;

OPCR_base = {double)PCR.bits.PCR _base 32 25 * 33554432

t(double}PCR.bits.PCR_base_24_17 * 131072
+{double) PCR.bi PCR_base_16_9 * 512
+{double) PCR.bits.PCR_base 8 1 A

+(doubl@)PCR.bit$.PCR_base:OE
fprintf{out,"|\n| OPCR_kase = %g\n", OPCR_base);

if{detail « 1)
fprintf(out,"| reserved = %d\n'", PCR.bits.reserved);

OPCR_extension = (double)PCR.bits.PCR_extension_B * 256
+{double)PCR.bits. PCR_extension_7_0;
fprintf{out,"| OPCR_extension = %g ", OPCR_extension);

fprintf{out,"(OPCR = %g s)\n", (OPCR_base*300+0PCR_extension)/27000000);
}

/*Read splice _countdown.*/
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/*
SEE STANDARD 1!
*/
1f( flags.bits.splicing point_flag )
{
splice_countdown = getc{in);
Lf({ feof(in)
{
Warn{out,"Premature EOF in splice_countdown");
exit(l);
}
n_bytes++;
fprintf{out,"I\nl splice countdown = %d\n", splice_countdown);
}

/*Read private data.*/
if( flags.bits.transport_private data_flag }

{

/*Read length*/

transport_private data_length = getc{in);

L feof{in} )

{
Warn(out,"Premature BOF in transport_private data_length");
exit (1)

)

n_bytes+t;

fprintf{out, "{\n| transport_private data_length =
8d\n", transport_private_data_length);
if(({transport_private_data_length + n_bytes -1} = adaptation_field length)
{
i = 188 - *bytes_rvead -n_bytes;
sprintf(str,"Invalid length: %d bytes ignored",i):
Warn({out, str);
fseek (in, 1, SEEK_CUR); /*Ignores rest of packet*/
*bytes_ read = 188;
revurn;

}

/*Read data*/

fprintf(out,”| (Private Data)\n");

fseek{in, transport_private_data_ length, SEEK CUR);
If( feof(in) )

{
Warn{out,"Premature EOF in private data");
exit(l);
}
n_bytes += transport _private data length;
}
/*Read adaptation field extension.*/
/*
SEE STANDARD t!!
x/
1f( flags.bits.adaptation_field extension flag )}
(
/*Read length*/
adaptation_field_extension_length = getc{in};
if( feof{in) )
{

Warn{out, "Premature EOF in adaptation_field extension_length");
exit(1l);
}

n_bytest+;

fprintf{out,"i\n| adaptation_field_extension_length =
%d\n",adaptation_field_extGHSion_length);
if{(adaptation_field_extension_length + n_hytes -1} » adaptation_field length)
{
i =188 - *bytes read -n _bytes;
sprintf{str,"Invalid length: %d bytes ignored",i};
Warn{out, str);
fseek(in, 1, SEEK CUR}; /*Ignores rest of packet*/
*hbytes_read = 188;
return;
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if{adaptation_field_extension_length > 0)

{
1

/*

SEE STANDARD !!!1

*/
/*Read extension flags.*/
extension.byte = getc(in);
if{ feof(in) )
{

Warn(out,"Premature EOF in extension flags™);
exit{l);

}

n_bytes++;

adaptation_field extension_length--;

/% rtw_flag */
fprintf{out,"i\nl ltw flag = %d\n",extension.bits.ltw_flag);

/v plecewise_rate flag */
fprintflout,”| piecewise rate_flag = %d\n",extension.bits.piecewise rate_ flaq);

/* seamless _splice flag*/
fprintf(out, ™| seamless_splice_flag =
Sd\n", extension.bits.seamless _splice flag);

if(detail - 1)
fprintf(out,™| reserved = %d\n", extension.bits.reserved);

/* Legal Time Window */
if(extension.bits.ltw_flag)
{
/*Read 2 bytes of ltw*/
ltw.hyte{0]) = getc(in);

ltw.byte{l] = getc{in):
If feotf{in}
{

Warn(out,"Premature EOF in ltw");
exit(1l};

!
n_hytes += 2;
adaptation_field extension length -= 2;

/r ltw_valld _flag*/
fprintf(out,” |\n]| ltwmvalid_flaq = %d\n",ltw.bits.ltw_validwflag);

/¥ ltw_offsets/
fprintfiout,"| ltw offset = %d\n",ltw.bits.ltw_offset’l4_8 *256
+ltw.bits.ltw _offset 7 0);
!

/* Piecewlse Rate */
if{extension.bits.plecewise rate_ flag)
{
/*Read 3 bytes of plecewise rate*/
for(i=0; i<3; i+4+) plecewise rate.byteli]l=(char)getc(in);
if( feof{in) )
{
Warn (out,"Premature EOF in piecewise rate");
exit{l);
}
n_bytes += 3;
adaptation_field_extenslon_length -= 3;

ifidetail - 1)
fprintfiout, "I\nl reserved = %d\n",piecewise_rate.bits.reserved);

/* plecewise rate offset*/
fprintfiout,"| piecewise rate = %d\n",
plecewise rate.bits.plecewise rate 21 16 *65536
tplecewise_rate.bits.piecewise rate 15 8 *256
+tpiecewise rate.bits.piecewlse rate 7 0);

}

/* Seamless Splice */
if{extension.bits.seamless_splice flag)

{
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/*Read 5 bytes,*/

for (i=0; i<5; i++) splice.byteli]l=(char)getclin);

if( feof(in) )

{
Warn{out, "Premature EOF prematuro in Seamless Splice”);
aexit(l):

b

n_bytes 4= 5;

adaptationwfield_extension*length -= h;

if{ !splice.bits.marker_hit 1
tsplice.bits.marker bit 2
lsplice.bits.marker bit 3 )

i = 188 - “hytes_read -n_bytes;

sprintf{str,"Splice: invalid marker (s} - %d bytes ignored",i);
Warn({out, strj):

fseek{in, i, SEEK_CUR); /*Ignores rest of packet*/

*bytes read = 188;

return;

}

/* splice_type */
fprintf(out,"{\nl splice_type = sd\n",splice.bits.splice_type);

/% DTS _next_au */
fprintf{out,"| STS_next_au = $g\n",
(double)splice.bits.DTS next au 32 30 *1073741824
+{double splice.bits.DTs:next_au:ZQ*ZZ *4184304
+(double)splice.bit5.DTS_next:AUWZl‘lﬁ +32768
+(double)splice.bits.DTSﬂnext_au_lQ_B *256
t{double)splice.bits.DTS_next_au_7_0);

1
i

if{adaptation_field_extension_length < 0)
[

1 =188 - *bytes_read -n_bytes;

sprintf{styr,"adaptation field extension length doesn't fit: %d byt
ignored"”,1);

Warn (out, =str);

fseek({in, 1, SEEK_CUR}); /*Ignores rest of packet*/

*bytes read = 188;

ceturng

!

=

/*Read reserved bytes.*/

fprintf(out, ™| (%d reserved bytes)\n",adaptation_fieldAextension_length);
fseek(in, adaptation_field_extension_length, SEEK_CUR);

1f({ feof{in) )

{
Warn{out,"Premature EOF in reserved bytes");
exit(1});

}

n_bytes += adaptation_field_extension_length;

}

/*Stutfing bytes*/

fprintfiout,"|\n| %d bytes left - ",adaptation_field length +1 - n_bytes);

for{stuffing bytes=0, i=0; 1 < adaptation_field length +1 - n_bytes; i++)
1f{getelin) == OxFF) atuffing bytest+;

fprintf{out, "$%d stuffing_bytes (OxFF) detected\n", stuffing bytes);

*bytes_read += (adaptation_field length +1);
}

void
TS_PROGRAM_ASBSOCIATION_SECTION{int unlt_starct,int *bytes read, FILE *in, FILE *out)
R L LA AR s s s

pointer_field = 1 optional byte depending on 'unit start'.
table_id = 1 byte
section_syntax_indicator = 1 bit \

no_name = 1 bit \
reservedl = 2 bits \
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section_length = 12 bits - 5 bytes.
transport_stream_id = 16 bits /

reserved?z = 2 bits /

version number = 5 bits /
current next indicator = 1 bit /

section _number = 1 byte;

last_section number = 1 byte;

program number = 16 bits \

reserved = 3 bhits N * 4 bytes.

network or_ program_map PID = 13 hits /
CRC_32 = 4 bytes;

Uses a buffer for the section, defined in a global struct. This way one can
reconstruct the section from packet to packet and do the final CRC.
descriptor_start is not used in this struct.

*‘i—‘l"i«***k*l‘*’t‘i‘-}-'A‘-l‘-}u*'k')e-A--#'l-%i”A-*»ll*-k‘k(‘*-‘:-k*‘k'}:*i‘/

struct header bits
{
#ifdef DOS
/*Bits are ordered in DOS (lshf, msbl) differently from UNIX (msbf, Lsbl).
One could access bits directly with masks and shifts but code would he
harder to cead.*/
unsigned section_length_11 8
unsigned reservedl
unsigned no_name
unsigned section_syntax_indicator

[l e AV

unsigned section_length_7_0 - ¥
unsigned transport_stream_id 15 8 : 8;
unsigned transport_stream id 7 0 8;
unsigned curvent next indicator

: 1
unsigned version_number : 5
unsigned reservedsz r 2

felse
unsigned : 1;
unsigned N
unsigned reservedl T 27
unsigned section_length_11_8 r 4
ungigned section_ length 7 0 HE N

unsigned transport

stream _id 15 8 = 8;

unsigned transport_stream_id 7.0 : 8;

unsigned re: vede
unsigned version number
unsigned current next_indicator

[l 611

fendif
Vi

union

{
struct header bits bits;
char hytel5];

} header:;

struct table bits

{

unsigned program number 15 8 83
ungigned program number 7 0 r 8
#ifdef DOS

unsigned network or program map PID 12 8
unsigned reserved
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#else
unsigned reserved t 3
unsigned network or_program map_PID 12 8 : 5;
fendif
unsigned network or_ program_map_PID 7 0 : 83
}i
union
{

struct tahle bhits bhits;
char hbytel|d];
} table:

int pointer field,
table id,
section_number,
last_section number,
stuffing bytes;
double CRC_32;

/* struct {} PA_section;
PAT ptr new_ PAT, PAT;
int BAT version; GLOBAL VAR.! */

char str[80];
register int i,
n_hytes = 0;/* counter of PA section bytes */
int 3, k; J*Auxiliary/ -
PAT _ptr ptr; /*Auxiliary: free of PAT and new PAT; insertion of new elements
in table*/ B

fprintf{out," | PROGRAM ASSOCIATION SECTIONY**rdkkxksdsdkkdhrr\nty
1f( unit_start )
{

/*Read pointer field.*/

pointer_field = getc{in);

1€{ feof{in) )

{

Warn(out, "Premature EOF in pointer field"):;
exit (1); B
}
n_bytes = 1;
fprintffout,"| pointer field = %d bytes\n", pointer fieldj);
if(pointer field + “bytes read + 1 =~ 188) -

{
1 = 188 -~ *hytes read -n_bytes;
sprintf(str, "Invalid length: %d bytes ignored",i);
Warn(out, str);
fseek(in, i, BEEK_CUR); /*Ignores rest of packet*/
Yhytes read = 188;
return;
}
if(pointer_field == 0) PA_section.p = 0; /*Byte 1: PA section.p = 1%/

/*! Maybe should verify if previous section was completely read.*/

}

while(*bytes read + n_bytes < 188) /*Verifies end of packet.*/

{
/*Read a section byte to a buffer.*/
PA_section.buffer {PA_section.ptl] = (char)getc(in);
if({ feofl{in}) )
{

Warn(out,"Premature EOF in program assoclation_section."};
exit(1l);

}

n_bytes++;

PA_section.pt+;

PA section.bytes left--;

1f(PA_section.p == 8) /*Header is in buffer.*/
{

/% table_id */

table id = PA section.buffer(l];

pagina 71



Descodificador de fluxos binadrios MPEG Sistema

gd\n",

fprintffout, ™| table id = %d\n", table id);

/*Read headeypr.*/
for{i=0; 1i«5; i++) header.byteli] = PA_section.buffer[i+2];

/% section_syntax_indicator */
fprintfiout,"| gection_syntax_indicator =
header.bits.section_syntax indicator);

1f( table id !'= 0 I
!headeu.bits.section_syntaxmindicator I
header.bits.no_name }

i =188 - *bytes read -n_bytes:

sprintflstr,"Invalid PA _section header: %d bytes ignored",1);
Warn{out, str);

feeak (in, i, SEEK_CUR); /*Ignores rest of packet*/

‘hytes read = 188;

return;

}

if{detail - 1)
fprintf(out,"! reserved = $d\n", header.bits.reservedl);

/FRead section length.*/
/*Initialization of 'PA section.bytes left' */
PA_section.bytes left = header.bits.section length_l11i 8 * 2566
+header.bits.section féngth 7 0;
fprintflout, " section length = %d\n", PA_EectioﬁiEytes left);
if(PA_section.bytes_left » 1021) /*See buffer size*/ B
{
i = 188 - *hytes read -n_bytes;
sprintf({ste,"Invalid length: 8d bytes ignored",i);
Warn{out, str):
fseek{in, i, SEEK_CUR); /*Ignores rest of packet*/
*bytes_read = 1885
return;
}
PA_section.bytes left -= 5;

/% transport_stream id v/ /*JUST ONE TS ASSUMED |*/

fprintf(out, " rransport stream_id = %d\n",
headex.bits.transport_stream_id_l5_8 * 256
+header.bits.transport_stream_id_7h0 |

if({detail -« 1)
fprintf{out, "] reserved = %d\n", header.bits.reserved?);

/% version number */
fprintf{out,"| version_number = $d\n", header.bits.version_number);
1 = (int)headeay.bits.version_number - PAT version;
If(i !'= 0) /* Table version management */
{
If(i != 1 && i != =31}
{

i = 188 - *bytes read -n_bytes;

sprintf(str,"version number not in sequence: %d bytes ignored",i);
Warn(out, =atr); -

fseek (in, i, SEEK_CUR); /*Ignores rest of packet*/

*hytes read = 188;

return;

}

iE{PAT != new_ PAT)
{
Warn{out, "Previous vergion not used");
/*free new PAT*/
ptr = new PAT;
while{ptr != NULL)
{
ptr = ptr--next;
free(new PAT});
new_ PAT = ptr;
}
}

1f{ (new PAT=(PAT_ptiimalloc(sizeof{struct PA_table))) == NULL )

pagina 72



Descodificador de fluxos binarics MPEG Sistema

{puts("TS_PROGRAM_ASSOCIATION_SECTION(): malloc error™y; exit(l};)
new_BPAT- next=NULL;

PAT version = header.hits.version _number;

}

/% current_next indicator %/
fprintf(out, " current next indicator =
%d\n",h@ader.bits.cuurenthnext‘indicator);
iE(headeu.hits.currentﬂnextwindicator) /* Current table */

{
P (PAT !'= new PAT)
{
/*free PATY/
ptr = PAT;
while{ptr != NULL)
{
ptr = ptr-rpext;
free(PAT);
EAT = ptr;
}
PAT = new PAT; /* New table is the current one */
}
}

else LT (PAT == new_ PAT) PAT = NULL; /* Desactivate current table */

/* section_number */
section_number = PA section.buffer{7];
fprintflout, | section number = %d\n", sectlon_number);

/* last_section _number */
last_section_number = PA_section.buffer(8];
forintf{out, ] last_section_number = %$d\n", last_section number);

}
eluse /*Verlifies 1f table element (4 bytes) is in huffer.+/
LE(PA_section.p - B && !'{PA section.p % 4))

{
LE(PA_seotlon.bytes left) /*Read one element.*/
{
for(i=0; i-d; i++) rahle.bytefi]=PA_section.buffeLfPA“section.p-3+i];
/* program_ number */
i=table.bits.proqranLnumheL_lS_ﬂ *256 + table.bits.program number_ 7 0;
fprintf (out, " I\nl program number = $d\n", i);
if{detail - 1)
fprintf{out, "] reserved = %d\n", table.bits.reserved);
/* network_ _EFID on program_map BPID */
LE(L)
fprintflout,"| program_map EFID = ");
alse
fprintf{out,™| network PID = ");
i = table.bits.network_ov_program_map PID 12 8 * 256
ttable.bits.network _or_program map PID 7 0;
fprintf (out, "0x404X\n", 3);
/* Verifies if PID is in table */
ptr = PA PID(new PAT, 3, &k);
1f(ptr == NULL)
|
/*New linked list element*/
LE( (ptr={PAT_ptrimalloc(sizeof{struct PA_table))) == NULL }

{puts ("T5_PROGRAM_ASSOCIATION_SECTION(): malloc error"); exit(l);)
/*Insert new element in table. At the list start, just after the head.*/
ptr--next = new PAT->next;
new_PAT-»next = ptr;

}
ptr-rprogram number = i;
ptr-»PID = j;

}

else /*HBection END,*/

{
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/* Read CRC_3z.*/

CRC_32 = (double)PA section.buffer[PA_section.p-3] * 16777216 /* 2724 */
t{double}PA section.buffer[PA_section.p-2] * 65536 /% 2716 %/
+{double}PA_section.buffer[PA section.p-l] * 256 /*oz2r8 %/
t{double} PA_section.buffer|[PA section.pl:

fprintf(out,"1\nl CRC_32 = sg\n", CRC 32);

/*! Here one would VERIFY THE CRC over the kuffer*/

/*Stuffing bytest/
if{n_bytes - 1} ~ (pointer_field +1))
{

/*0ne section ends and another one starts.»/

fprintf(out, " |\n| %d bytes left - ",pointer field +1 - n_bytes});

for{stuffing_hytes=0, i=0; i « pointer_ field +1 - n_bytes; i++)
if{getclin) == 0xPFF) stuffing bytest++;

fprintf(out,"%d atuffing bytes (0xFF) detected\n", stuffing bytes);

n_bytes = pointer field + 1;
PA_section.p = 0; /*Byte 1: PA_section.p = 1%/

}
else /*The section ended and rest of the packet is garbage.*/

fprintf(out, " I\nl %d bytes left - ",188 - n_bytes - *bytes read);

for(stutfing_hytes=0, i=0; i < 188 - n_bytes - *bytes read; i++)
if{getc(in) == OxFF) stuffing bytes++:

fprintf(out, "%d stuffing bytes (0xFF) detected\n", stuffing bytes):

n_bytes = 188 - *byrtes read;

t
}
}
}
*hytes read = 188;
)
void

TS CA SECTION({int unit start,int *hytes read, FILE *in,FILE *out)
/*Ti—*:*i'-k*~&»~A‘~k*~k~k'k~k4-~A"k“(';-k*w~k*+i‘1‘********_
NOT TESTED !!! {adapted from PA_section)

pointer field = 1 optional bhyte depending on 'unit_start'.

table id = 1 byte

section_syntax_indicator = 1 bit \

no_name = 1 hit \

regervedl = 2 bits \
section_length = 12 bits » B bytes.
reserved? = 18 bits /

version number = & bits /

current next_indicator = 1 bit  /
section_number = 1 byte;

last_section_number = 1 byte;

N decritores of variable length;
CRC_32 = 4 bytes;
Uses a buffer for the section, defined in a glokal struct. This way one can

reconstruct the section from packet to packet and do the final CRC.
It's assumed that in a section there's at least 1 descriptor.

Linked list with CA_table still not implemented !

**‘I:‘A"k-k-k*'k'A'\A“k~l~+~l"l'-L--A-<k*+-A'*'A'-A‘*'i"k*".--k*'k*****/
struct header bits
#ifdef DOS

/*Bits are ordered in DOS (lsbf, msbhl) differently from UNIX (msbf, lsbl).

One could access bits directly with masks and shifts but code would be
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harder to read.*/
unsigned section _length 11 8
unsigned reservedl
unsigned no name

unsigned section_syntax_indicator

unsigned section length_ 7 0
unsigned reserved

unsigned reserved3

unsigned current next indicator

unsigned 3 number
unsigned reservedd

felse

unsigned section_syntax_indicator 1y

unsigned no name
unsigned reservedl
unsigned section_length_ 11 8

unsigned section_length 7 0
unsigned reserved:Z

unsigned reserved3

unsigned vedd
unsigned sion number
unsigned current next_ indicator

fendif
i

union

{
struct header bhits bits:
char byte[5];

} header;

int pointer field,
table id,
gection_number,
Last _section_number,
stuffing bytes;
double CRC 32;

1;
: 2;
4;
H
.8
8;
: 23
55
. l,'

/* struct {) CA _section; GLOBAL VAR.! */

char str[80];
register int i,

n_bytes = 0; /* counter of CA _section bytes */

static int

fprintf (out, " |CONDITIONAL ACCESS

1f( unit_start )

{
/*Read pointer field.*/
pointerwfield = getc(in};
Pif{ feof(in)
{

SECOTTONY K Hkk kb kkxdkkrkkrr ke \nt)

Warn (out,"Premature EOF in pointer field");

exit (1);
}
n_bytes = 1;
fprintf{out,”"| pointer field =
if(pointer field + *hytes read

{

3
+

d bytes\n", pointer field):
1 - 188)

i = 188 - *bytes_read -n_bytes;
aprintf{str,"Invalid length: %d bytes ignored”,i);

Warn{out, str);

faseek{in, 1, SEEK CUR}; /*Ignores rest of packet*/

needed bytes;/*Needed bytes to read descriptor info from buffer.*/
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*bytes read = 188;
return;

}

if(pointer field == 0) CA section.p = 0; /*Byte 1: CA section.p = 1*/

/*! Maybe mhould verify if previous section was complgtely read.*/

}

while{(*bytes_read + n_bytes < 188) /*Verifieg end of packet.*/

{
1

/*Read a section byte to a buffer.x/

CA _section.buffer{CA section.p+l] = (char)getc{in);
if( feof(in)
{

Warn (out,"Premature EOF in conditional access section™);
exit(l);

}

n_bytes++;

CA_sectlion.pt++;

CA section.bytes left--;

needed bytes--;

/*Zection and first descriptor header is in buffer.*/
LE(CA_section.p == 10)
{

/* table id */

table id = CA_section.buffer[l];

fprintf(out,"| table_id = %d\n", table_ id);

/*Read section headeyr.*/
for{i=0; i<&; i++) header.byte(i] = CA_section.buffer(i+2];

/* section syntax indicator */

fprintf{out,"| section_syntax_indicator =
%d\n",header.bits.section _syntax_indicator):
if( table id != ] 11
theader.bits.section_syntax_indicator ||
header.bits.no_name )

1 = 188 - *bytes read -n_bhyres;

gprintf{str,"Invalid CA section header: %d bytes ignored”,i

Warn(out, str):

fseek(in, 1, BEEK_CUR); /*Ignores rest of packet*/
*hytes read = 188;

return;

}

if{detail -« 1)
fprintfiout,"| reserved = %d\n", header.bite.reservedl);

/*Read section length.*/
/*Initialization of 'CA section.bytes left'.*/

)i

CA_section.bytes left =—header.bits.Section“length_ll_B * 256

theader.bits.section_length_7_0;

fprintflout, "] section length = %d\n" CA.se:tion.G}tes_left);

n', CA_
1E{CA _section.bytes left » 1021) /*8ee buffer sizex/
(
i = 188 - *bytes_read -n_bytes;
sprintf(str,"Invalid length: %d bytes ignored",i);
Warn(out, str):
fseek(in, i, BEEK _CUR); /*Ignores rest of packet*/
*bytes read = 188;
return;
}
CA _section.bytes left -= 7;

if({detail « 1)

fprintf(out,"| reserved = 8d %d %d\n", header.bits.reserved2,
header.bits.reserved3,
header.bits.reservedd );
/* version number */
fprintf(out,"| version_number = %d\n", header.bits.verasion number);

/* current_next_indicator */
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fprintf (out,") current_next_indicator

gd\n", header.bits.current_next_indicator);

/* section_number */
section_number = CA _section.buffer[7];
fprintf(out,"! section_number = %d\n", section_number);

/* last_section_numpber */

last_sectlion_number = CA _section.buffer[8];
fprintf (out, ™! last_section_number = %d\n", last_section number);

/*First descriptor header.*/

/*Needed bytes in buffer are the descriptor size and, if there is more,
next's header ({(giving the descriptor size).x/
If(CA section.buffer[10] - (CALSection.bytes_left - 4}
/% Size of descriptor plus next's header */
needed bytes CA section.buffer(10] + 2;
alse
/* Size of descriptor plus CRC */
needed bytes = CA section.buffer{10] + 4:

if{needed_bytes - CA_section.bytes left)

{
fprintf (out, "I\nl descriptor _tag = %d\n", CA_gection.buffer([9));
fprintf(out,"| descriptor_length = $%d\n", CA_section.buffer[10]);
i = 188 - *bytes_read -n_bytes;
sprintf{str,”Invalid descriptor length: 3d bytes ignored",i);
Warn(out, str);
fgeek{in, i, SEEK_CUR); /*Ignores rest of packett/
*bytes read = 188;
return;

}

/*Start of last descriptor kept in buffer.*/
CA_section.descriptor start = 9;
}
else /*Checks 1f there's enough info in buffer to read descriptor
follows.*/
1f{CA_section.p 8 && !needed bytes
{
/*Read descriptor.*/
DESCRIPTOR (&CA_sgection, out);

1E(CA_section.bytes left) /*There's more descriptors.*/
{

i = CA_section.p;
/*Next descriptor header.*/

/*Needed bytes in buffer are the descriptor size and, if there is more,
next's header (giving the descriptor size).*/
1f(CA ction.buffer (il « (CA_section.bytes left - 4))
/* Size of descriptor plus next's header */
needed_bytes = CA_section.buffer{i] + 2;
else
/* Size of descriptor plus CRGC */
needed bytes = CA _section.buffer|i] + 4;

if(needed_bytes > CA_section.bytes left)

{
fprintfiout,™I\n]| descriptor_tag = %d\n", CA_section.buffer(i-1]);
fprintf(out,"! des iptor_length = %d\n", CA section.buffer(i]);

and what

sprintf{str,"Invalid descriptor length: %d bytes ignored",188-*bytes read-

n_bytes);
Warn{out, sty);

fseek(in, 188 - *bytes read -n_bytes, SEEK_CUR); /*Ignotes rest of packet*/

*bytes_read = 188;

return;
}
/*Start of last descriptor kept in buffer.*/
CA_section.descriptor_start = i-1;
}
else /*Section END.*/
{

pagina 77



Descodificador de fluxos binarios MPEG Sistema

/% Read ORC 3u.%/

CRC_3z = (double)CA_section.huffer[CA section.p~3) * 16777216 /* 2724 */
+(double)CA_section.buffer[CA_éection.p—z * 65536 [ 2016 x/
+(duuble)CAﬁsection.buffer[CA_section.p-ll * 256 /*o2n8 x/
+(double)CA_section.buffer[CA_section.p];

fprintf(out, "i\n} CRC_3Z = $g\n", CRC 32);

/%! Here one would VERIFY THE CRC over the buffer*/

/*Rtutfing bytesv/
if({n_bytes - 1} - (pointer field +1)

/YOne section ends and another one starts.*/

ﬁprinff(out,"l\nl %d bytes left - ",pointer field +1 - n bytes);

tor{gtuffinq_bytebzo, i=0; 1 - pointer_fiela +1 - n byteg;'i++)
if(getc{in) == OxFF) stuffing bytes++; -

fprintfiout,"sd stutfing bytes TOXFF) detected\n", stuffing bytes);

n_bytes = pointer field + 1;
CA_secrtion.p = 0; /*Byte 1: CA section.p = 1%/

}
elae  /*The section ended and rest of the packet is garbage.*/
{
tprintifout,"|\n}) %4 bytes left - ",188 - n_bytes - *bytes_read):
foristuifing bytes=0, i=0; 1 < 188 - n_bytes - *hytes_read; i++)
if{getc(in) == OxFF} stuffing bytes++;
fprintf(out, "4d stuffing bytes {0xFF) detected\n", stuffing bytes);
n_bytes = 188 - *bytes_read;
}
}
]
i
*oytes read = 1885
b
voild

TS PROGRAM MAP SECTION({int unit start,int *bytes_read,FILE *in, FILE *out)

P R R w ok w Kok ke kR

pointer field = 1 optional byte depending on unit_start'.

table id = 1 hyte

section syntax indicator = 1 bit \
ne_name = 1 it \
regervedl = 2 bits \
section length = 12 bits \
program number = 16 bhits \
reservedd = 2 bhits \
version number = 5 bits > 11 bytes.
current next_indicator = 1 bit /
sectiun;numbez = # bits /
last section number = 8 bits /
reserved3 = 3 bits /
PCR_PID = 13 bit /

reservedd = 4 bits
program_info_length = 12 bits /

N riptors of varying length;

stream type = 8 hits \

reserved = 3 bits \
elementary PID = 13 hits » N * B bytes.
reserved = 4 bhits /

ES info_length = 12 bits /
N descriptors of varying length;

CRC_32 = 4 bytes;

section, defined in a global struct. This way one can

Uses a buffer for the A
acket to packet and do the final CRC.

reconstruct the section from p

Depending on table_id private data can be transported.
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TO DO | (see table 2-35, pghd - Stream Type Assignments:

{

struct header bits

{
#ifdef DOS

/*Bits are ordered in DOS
One could acc

harder
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned

unsigned

unsigned

unsigned
unsigned

unsigned
unsigned

unsigned

unsigned
unsigned

unsigned
felse
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned

ungigned
unslgned

unaigned

unsigned
unsigned

unsigned

ffendif
Vo

union

{

to read.*/

section length_l1l_8
resarvedl

No_name
seation_syntax_indicator
section_ length_7_0
program number 15 8
program_number_7_0
current _next _indicator
version_number
reserved?
section_number

last_section number

PCR_PID 12 8
reserved3

PCR_PID_7_0

pLoqranL}nfo’length_ll_B
reservedd

program_info_length_7_0
sectionwmyntax_indicator
no_name

reservedl
section_length_11 8
section_length_7_0
program number 15_8
program_number_7_0
reservedi
version_number
current_next_indicator
section_number

Last_section_number

regserved3
PCR_PID_12 8

PCR_PID 7_0

reservedd
puoqram_info_lengthhll_S

program_info_length_7_0

struct header_bits bitsa;
char bytelll);

} header:;

[T

N

4
2
1 .
1

~

[se]

0x05)

{lsbf, msbl) differently from UNIX
255 bits directly with masks and shifts but code would be

(msht,

labl).
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struct ES bits

{

unsigned stream_ type L8;

fifdef DOS

flels

unsigned elementary PID 12 8 1 5
unsigned reservedl 3

unsigned elementary FID 7 0 @  8;

unsigned B8 info_length_11 8 @  4;
unsigned reservedy HE
e

unsigned reservedl S
unsigned elementary PID_12 8 :  5;

unsigned elementary PID 7 0 : 8;

unsigned regserved? HE
unsigned ES_info_length_ 1L 8 @ 4;
fendif
unsigned ES_info_length 7 0 @ 8;
bi
union
{

struct ES bits bits;
chay bytel8];

b ES;
int pointer_field,
rable id,
stuffing bytes;
static int field, /* control of aplicable syntax */
program_info_length,
ES_info length;
double CRC_32;

/* struct {} PM_section:

PMT_ptr new PMT, PMT;
int PMT_version; GLOBAL VAR.! */

char str([80];
register int i,

n_bytes = 0; /* counter of PM_section hytes */

static int déscriptox_needed_bytes,/*Needed bytes to read descriptor info

from buffer.*/
info_start; /*Buffer pointer.*/

EMT ptr ptr; /*Auxiliary: free of PMT and new PMT; insertion of new elements

in taplex/

fprintf{out, " | PROGRAM MAP SECTTON® &b & kb ik sk ook koo ek bbb kbbb \ 11 )

10{ unit_start }

{

/*Read pointer_ field.x/
pointer field = getc(in);
if{ feof(in) )

{

Warn (out, "Premature EQF in pointer field");
aexit (1};
}
n_bytes = 1;
fprintf{out,"| pointer field = %d hbytes\n", pointer field);
if(pointer field + *by?es_[ead + 1 188)
{
i = 188 - *hytes read -n_bytes;
sprintf({str,"Invalid length: %d bytes ignored",i};
Warn{out, str);
fseek({in, i, SEEK CUR); /*Ignores rest of packet*/
*bytes_read = 188;
return;

)

if{pointer field == 0) PM_section.p = 0; /*Byte 1: PM_section.p = 1%/
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/*! Maybe should verify if previous section was completely read.*/

}

while (*bytes read + n_bytes - 188) /*Verifies end of packet.*/
i
/*Read a section byre to a buffer.*/
EM_section.buffer(PM_section.p+l] = (char)geta(in);
if{ feof{in) j
{
Warn(out,"Premature EOF in program_map_ section");
exit (1);

n_bytest+;

PM section.pt+;

PM section.bytes left--;
degcLiptor_n@edeaﬁbytws——;

1 (PM_section.p == 1) /* table id is in buffer */
!
1

/votable id v/
table id = PM_section.butfer(l];

fprintf{out, "l table ld = $d", table_ id);
if{table id !'= .j
{

if(table_id == OxFF)

fprintf{out,” - forbidden\n");
if({table_id >= 0x40 && table id -= 0xFE)

fprintf{out,”™ - User private\n"): /* TS _PRIVATE _SECTION({); 1t */
if(table id = 0x03 && table id = 013F) - -

fprintf{our," - TSO/IEC 13818 reserved\n™);

i = 188 - *bytes read -n_bytes;
fprintfiout, "l (%d bytes ilgnoredi\n™,i);
fgeek(in, 1, SEEK CUR); /*Ignores rest of packet*/
*hytes read = 1887
tetuxn7
}
}
else
LE(PM_section.p == 12) /*Header is in buffer.*/
{
/*Read header . v/
for{i=0; ixll; i++) header.byte(i] = PM_section.buffer[i+2];

/* section_syntax indicator */
tprintf{out, "\n| sectlon_syntax_indicatol =
sd\n", header.bits. section_syntax_indicator);

LY theader.bits. section_syntax_indicator |
thd@L-bifS.HUﬁﬂﬂ”W’_
{
I = 188 - *bytes read -n_bytes;
sprintf{str,"Invalid PM_section header: %d bytes ignored",i);
Warn{out, sti);
fseek{in, i, SEEK_CUR); /*Ignores rest of packet*/
*hytes_read = 188;
return;

}

if{detail - 1)
fprintf(out, ™| reserved = %d\n", header.bita. ceservedl);

/*Read section length.*/
/eInitialization of '"PM_section.bytes left'®.*/
PM_section.bytes left = header.bits.section_length_11 8 * 256
theader.bits.section_length_7_0;
fprintf{out, "] section_length = %d\n", PM_section.bytes left);
LE(PM_section.bytea left » 1021) /*See buffer size*/
{
i =188 - *hytes_read -n_hytes;
sprintfiste, "Invalid length: $d bytes ignored",i);
Warn{out, str);
fseak(in, 1, SEEK_CUR); /*Ignores rest of packet*/
Yhytes_read = 188;
return;
}
PM _section.bytes left -= 9;
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/* program number */
fprintf(our, "} program number = %d\n",
header.bits.progtam number 15 8 * 256
+header.bits.proqram_numbe1:7_5 )i

1f(detail « 1)
fprintfiout,"| reserved = %d\n", header.bits.reserved?2);

/¥ version number ¥/

fprintf{out, "l version_ numbet = %d\n", header.bits.version_number);
i = (int)header.bits.version number - PMT_version;
if(i != 0) /% Table version management */
{
LE( =1 && 1 1= —-31)
{
1 = 188 - “hytes read -n_lhytes;

sprintf(sty,"version_number not in sequence: %d bytes ignored"™,i};
Warniout, str);

fseek(in, i, SEEK CUR); /*Ignores rest of packet™*/

thytes read = 168;

return;

}

LE(PMT 1= new_BEMT)

i
'

Warn(out, "Frevious version not uged");
/*free new BMTY/
ptr = new PMT;
while(ptyr != NULL)
{
ptr = ptr=-next;
tree (new_ BEMT);
new_PMT = ptr;
)

}

if( (new PMT=(PMT_ptr)malloc(sizeof{struct PM_table))) == NULL )
(puts("TSWPROGRAMwMAPVSECTION(): malloc error™}y; exit(1):}
new PMT-rnext=NULL;

PMT_version = header .bits.version_number;

}

/* current next_indicator */
. fprintf (out,"| current_next_indicator =

%d\n",headex.bitﬁ.currentwant~indicator);

lf(headez.thS.current_next_indicator) /* Current table */
{
PE(PMT != new_PMT)
{
/*free PMT*/
ptr = PMT;
while(ptr != NULL)
{
pty = pLL-snext;
free(PMT);
PMT = pti;
)

EMT = new PMT; /* New table is the current one */

}
)
else if(PMT == new PMT) FEMT = NULL; /* Desactivate current table */

/% section_number */ .
fprintf(out,"l section numbel = %d\n", header.bitﬂ.sectlon_number);
if(header.bits.section_number)

Warn{out,"Invalid section_numbec");

/¥ last section numher *f .
fprintflout,"| last section_number = %d\n",header.bits.last_section_number);
if(header.bits.lastwsection_number)

Warn{out,"Invalid lastvsectionﬂnumber");

if (detail < 1)
fprintf{out,"| reserved = %d\n", header.bits.reserved3);
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/* EBCR_PID =/
fprintffout,"| PCR_PID = 0x%04X\n", header.bits.PCR_PID 12 8 * 256
+header.bits.PCR_PID_7_0 )i
if (detail - 1)
fprintf(out,”! reserved = %d\n", header.bits.reservedd);
/% program_info_length */
program info_length = header.bits.program info_length_11 8 * 256

+header.bits.program info length_ 7 _0;

fprintflout, ™| program_info_length = %d\n", proqnanLiﬁTo~lenqth);

/¥ IMPROVE ROBUSTNE!

L=/

if(program_info_length+d o PM_section.bytes left)

{
i

= 188 - *hytes read -n_bytes;

sprintf{str,"Invalid length: %d bytes lgnored",i};

Warn {out,

str)s

fseek{in, 1, SEEK_CUR); /*Ignores rest of packet*/
thytes read = 188;
return;

}
i f(program_info_length) field = 1; /* Program degscoriptors */
alse
field = 2; /* B3 info. */
info_start = PM_section.p;
}
}
elge
if(EM_section.p - 12) /* flag is defined */
{
switch({field)
{
case l: /* Program descriptors */
if{PM_section.p == 14) /*First descriptor header.*/
¢

}

program_info_length -= 2;

/*Needed bytes in buffer are the descriptor size and, if there is more,
next's header {giving the descriptor size).*/

degcriptor_needed_bytes = PMwsection.buffer(l4l;

Lf(PM_s ‘Ton.buffer[14) < program_info_length)
/* 51 f descriptor plus next's header */

descriptor neasded_bytes += 27

if(descriptor needed_bytes = program_info_length)
{
fprintf{out, " |\n| descriptor_tag = $d\n", PM_section.buffer(13]);
fprint £ (out,"| descriptor_length = $d\n", EM_section.buffer(14]);
i = 188 - *bhytes read -n_bytes;

Sprintf(str,"lnvglid descriptor length: %d bytes ignored",i);
Warn{out, str):

fseek (in, i, SEEK_CUR); /*Ignores rest of packet*/

*hytes read = 188;

return;

}

/*atart of last d
PM_section.descrip

riptor kept in buffer.*/
r_start = 13;

else
1f(PM_section.p =~ 14 && ldescriptor_needed_bytes)

{

program_info_length-= PMﬂSection.buffer[PM~Section.descriptor_start+ll:

/*Read descriptor.*/
DESCRIPTOR(&PM_section, out);

if(program_info_length) /+*There'a more descriptors.*/

{

program_info_length -= 2;

i = PM_section.p;
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/*Next descriptor header.*/

/*Needed bytes in buffer are the descriptor size and, if there is more,

next's header {giving the descriptor size).*/

criptor needed bytes = PM_section.buffer{il;

if(PM_section.buffer(i] < program_info length)
/* Size of degcriptor plus next's header */
descriptor_needed _bytes += 2

if (descriptor_needed_bytes ™ program_info_length)

{
fprint f{out,"{\n| descriptor_tag = %d\n", PM_section.buffer[i-1
fprintf (out,"| descriptor_length = %d\n", M section.buffer(i]);
i = 188 - *hytes_read -n_bytes; .
sprintf{str,"Invalid descriptor length: %d bytes ignored",1);
Warn{out, str):
fseek({in, i1, SEEK_CUR); /*Ignores rest of packet*/
*hytes read = 188;
retulng
}
/*3tart of last descriptor kept in buffer.*/
PM_section.descriptor_start = i-1;
}
alse
{
field = 2; /* B5 info. */
info_start = PM_section.p;
}
}
break;

case 2: /* ES info. */

Lf(PM_section.bytes_left < 4} field = 4; /* CRC and end */
else
1f(PM _section.p == (info_start + 5)) /* E& header in buffer */

{

/*Read ES headeyr.*/
for{i=0; 1<9; 1++) ES.byte[i]=PM_section.buffer[PMmsection.p—4+il;

/* stream_type */
fprintf(ont,"l\n] stream_type = %d - ", ES.bits.stream_type):
switch(ES.bits.stream type)
{
case 0x00:
fprint £ {out, "ITU-T | 1530/ 1EC Reserved\n");
break;
case 0x01:
fprintf (out,"ISO/IEC 11172 Video\n");
break;
case 0x02Z:
fprintf (out,"ITU-T Rec.H262 | ISO/IEC 13818-2 Video\n"):
break;
case 0m03:
fprintf(uut,"ISO/IEC 11172 Audio\n"):
break;
case 0x04:
fprintf (out, "ISO/IEC 13818-3 Audio\n"};
break;
case 0x00:

)i

fprintf (out, "ITU-T Rec.HZ22.0| ISO/TEC 13818-1 private_sectioni\n");

break;
cagse 0x06:
fprintf{out, "ITU-T Rec.HZ?22.0|I80/IEC 13818-1 PES

containing private data\n");

break;

case 0x07:
fprintf (out, "I50/IEC 13522 MHEG\n"};
break;

case 0x08: . .
fprintf (out, "ITU-T Rec.H222.0|IS0/IEC 13818-1 DSM [o{AVTRR W
break;

case (0x09:

packets

fprintf(ont,"ITU—T Rec.H222.0| L30/1EC 13818-1/11172-1

Auxiliary\n"};

breaks
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default
LE({ES.bits.stream_typer=0x0A && ES.bits.stream_type<=0x7F)
fprintf(out,"ITU-T Rec.HZ22.0|IS80/IEC 13818-1 Reserved\n");
elsge
LT (ES.bits.atream_typer=0x80 && ES.bits.stream_Lype<=0xFF
fprintf(out,"User Private\n"};

ifidetail - 1)
fprintf(out,"! reserved = %d\n", ES.bits.reservedl);

/v elementary PID ¢/
= ER.bits.elementary PID 12 B * 256
+E8.bits.elementary:PID:7_6;
fprintt(out,"| elementary PID = 0x$04X\n", 1);

/* Verifies 1f PID is in table */
prr o= BElementary PID(new_PMT, 1);

Pr(pre == NULL)
/¥New lirked list element*/
VEC {ptr=(EMT_ptrimalloc(sizeof{struct PM_table))) == NULL )
{putse ("TS_PROGRAM_MAP_SECTION(): malloc error'): exit(1l);}

itInsert new element in table. At the list start, just after the head.*/
T o= new PMT--next:
new PMT—next = ptr;

prr=ner

ptr-celementary PID = i;
ptr-rcontinuity counter = -1;/*Impossible value. See
TS TRANSPORT PACKET () */
ptr--old stream_ removed = NO;
ptr--field = 0; /*PES PACKET() igrored if there's no unit_start*/
)

/rprr-cstream type = ES.hits.stream_type; NOT USED! */

if(detail - 1)
fprintfiont, ™| reserved = %d\n", ES.bits.reserved2);

s RS info _length v/

E3 info length = BS.bits.BS_info length_11 8 * 256

h B +E3.bits.ES_info_length_7_0;
fprintf(out, "] EBS_info length = $d\n', ES_info_length);
OBUSBTNESS 1Y/

Pf{ER info length+4 - PM_section.bytes left)

/¥ IMPROVE

io= 184 - Ybytes read -n_lwytes;
5{‘1ntf(str,"lnv§lid length: %d bytes ignored"™,i);
Warnlout, stio);

fseek(in, 1, SEEK_CUR); /*Ignores rest of packet*/
Yhytes read = 188;

Leturn;

}
LE{ES info_length) field = 37 /% ES descriptors */

info_start = PM_section.p;

J

break;
mase 3: /Y ES descriptors */

PF{PM section.p == info_start+2) /*First descriptor header.*/
{
ES_info_length -= Z;
/*Needed bytes in buffer are the descriptor size and, 1f there is more,
next's header (giving the descriptor size).*/ ‘
descriptor _needed_bytes = PM_section.buffer[PMksectlon.p];
if(eM sectIon.buf?er{PM_section.p] < Es_info_length)
/% Bize of descriptor plus next's header */
descniptmrwneeded_bytes += 2;

if(descriptor_needed_bytes = ES_info_length)

{
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fprintf (out, "i\nl descriptor_tag = %d\n", PM section.butfer(13));
fprintf{out,"| descriptor length = %d\n", PM section.buffer[1471);
i = 188 — *bytes read -n_bytes;

sprintf (str,"Invalid descriptor length: %d bytes ignored",i};
Warn(out, str);

fseek({in, i, SEEK CUR); /*Igncres rest of packet*/

*hytes read = 1885

return;

}

/*Btart of last
PM_section.de:
}
alse
LE(PM section.prinfo_start+2 && ldescriptor needed_bytes)
{
£ES _info_length-= PM_section‘buffer[PM_section.desc11ptor_start+lj;

descriptor kept in buffer.*/
criptor_start = PM_section.p - 1;

/*Read desoriptor,*/
DESCRIPTOR(&PM_Section, out);

1f(ES_info_length) /*There's more descriptors.*/
{

i

ES_info_length -= Z;
L = PM_section.p;
/*Next descriptor header.*/

/*Needed bytes in buffer are the descriptor size and, if there is more,
next's header (giving the descriptor size).*/
descriptor needed_bytes = PM_section.buffer(i];
if(PM_section.buffer[i] < ES_info_lenqth)
/% Bize of descriptor plus next's header */
descriptor needed_bytes += 27
if{descriptor_needed_bytes - BES_info_length)
{
fprint £ (out,™I\n| descriptor_tag = sd\n", PM_section.buffer(i-1});
fprintfiout,"| descriptor length = %d\n", PM_section.huffer(il);
sprlntf(stt,"lnvalid_ descriptor length: %d bytes ignored",188 -
*bytes_read -n_bytes);
Warnfout, str):
fseek{in, 188 - *bytes read -n_bytes, SREEK_CUR) ; /*Lgnores rest of
packet*/
*hyrtes read = 188;
return;

}
/%Start of last descriptor kept in buffer.*/
PMfﬂection.deScriptor_start = i-1;

}

else

{
field = 2: /* ES info. (verifies again if there's more ES)*/
info_start = PM_section.p;

}

}

break;

case 4: /* CRC and section END */

1E{PM_section.p == info_start+d} /* CRC */
{
if{ PM_section.bytesmleft )
{

i = 188 - *bytes read -n_bytes;

sprintf(str,"lnvglid CRC length: %d bytes ignored",i);
Warn{out, strl:

fseek (in, i, SEEK_CUR); /*Ignores rest of packet*/
*hytes read = 188;

return;

}

/* Read CRCHBZ.*/ ) . o .
CRC 32 = (double)PM_ﬂection.buffer[PM_section.p—B] * 16777216 /* z'zg */
- +(double)EMwsection.buffer[PM_section.p—Z] * 6H5H36 /x 2716 %/
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fprintf(out,"{\nl CRC

+{double) M section.buffer|[PM section.p-1] * 256 /*2n8

+(duubLe)PMks'ction.huffer[PM:section.p];
32 = %g\n", CRC_32);

/*t Here one would VERIFY THE CRC over the buffer*/

/*Stuffing hytes*/
LE({n_bytes - 1) < (pointer_field +1))

{

/*One section ends and another one starts.*/

fprintflout,"I\nl %d bytes left - ",pointer field +1 - n_bytes);

for(stuffing bytes=0, i=0; i < polnter field +1 - n_byteg; i44)
if{getc(in) == OxFF) stuffinq‘byte5+:;

fprintflout,"sd stuffing bytes (0xFF} detected\n", stuffing bytes);

n_bytes = pointer field + 1;
PM_section.p = 0; /*Byte 1: PM_section.p = 1*/

*/

}
else /*The section ended and rest of the packet is garbage.*/
{
fprintf{out,"[\n| %d bytes left ~ ",188 -~ n_hytes - *bytes_read);
for(stuffing bytes=0, i=0; i < 188 - n_bytes - *bytes read; i++)
if{getc(in) == OxFF) stuffing bytes+t;
fprintf{out,"%d stuffing bytes (0xFF) detected\n", stuffing bytes);
n_bytes = 188 - *bytes read;
I
}
break;
}
!
}
*bytes read = 188;
}
void

DESCRIPTOR (struct buffer *stream buffer, FILE *out)

/‘A‘*'A‘**'k"l"l"l"A"A'-l--k'A'-A'-L--k'-A-'A-*J"(-'i"k*'k"k'k**‘A’*ki‘**&”)r*

With the descriptor_tag, indexed by stream buffer->descriptor_start, present
in the buffer (see globkal struct) which contains the descriptor that will be

parsed, this routine does the routing to the appropriate sub-routine.

***-L-***-k4«++-k*%**4-**’*++**&+4r+**44*4.'**%*-#«/

{

register inuv i;

i= streamﬁbuffer—»bufferlStreammbuffer—>descriptor_start];
fprintf(out,"I\n| descriptor_tag = %d: ", i)
switch (i)
{
case 2: /* video_ stream descriptor */
fprintf(out,"video stream descriptor\n");
VIDECQ STREAM_DESCRIPTOR (stream buffer, out);
break;
case 3: /* audio stream descriptor */
fprintf(out,"audio_stream descriptorin®);
AUDIO_ STREAM_DE3CRIPTOR{stream buffer, out};
break;
cagse 4: /* hierarchy descriptor */
fprintf{out,"hierarchy descriptorin");
_DESGRIPTOR(stream_buffer, out);
break;
case B: /* registration descripter */
fprintf(out,"registration descriptor\n");
_DESCRIPTOR(stream buffer, out};
break;
case 6#: /* data_stream_alignment_descriptor */
fprintf(out,"data_stueam_aliqnment_descriptor\n"M
_DESCRIPTOR(Stream_buffer, out});
break;
case 7: /* target background_grid_descriptor */
fprintf(oﬁ%,"tatqet_background_grid_descriptor\n");
_DESCRIPTOR(stream_buffer, outl};
break;
case 8: /* video window_descriptor */
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fprintf(out,”video_windowwdescriptor\n");
_DESCRIPTOR (stream buffer, out);
Ibreak;

case 9: /* CA descriptor */
fprintf(out, "CA_descriptor\n");
_DESCRIPTOR (stream_buffer, out);
break;

case 10: /* IS0 639 language_descriptor */
fprintf(out,“I50_639_langnaqe_descriptor\n");
_DESCRIPTOR(stream buifer, out);
break;

case 11: /% system clock_descriptor */

tprintf(out, "system_clock descriptor\n™);
SYSTEM‘CLOCK_DESCRIPTOR(stxeam_buffer, aut);
break;

case 121 /¥ multiplex _buffer utilization_descriptor */
fprintf(out,"multiplex_buffer_utilization‘descriptor\n");
MULTIPLEX _BUFFER_UTILIZATION_DESCRIPTOR (atream buffer, out);
bhreak;

case 13: /Y copyright_descriptor */
tprintf (out, "copyright_descriptor\n"y;
_DESCRIPTOR (stream buffer, out);
break;

case 14: /* maximum bitrate descriptor */
fprintf(out, "maximum _bitrate descriptor\n");
MAXIMUM BITRATE DESCRIPTOR(stream buffer, out):
break; - B

case 15: /* private data_indicator descriptor */
fprintf(out,"private_data_indicator descriptor\n™);
_DERCRIPTOR (stream bhuffer, out); .
break;

default:

1£{i-=16 && i~=63 || !i || i==1) fprintf(out,"Reserved\n"};
el 5e

LE(iv=64 && 1«<=255) fprintf{out,"User Private\n");

alse

fprintf{out, "ERROR!I\Nn");

vold
VIDEO_STREAM_DESCRIPTOR (struct buffer *stream buffer, FILE *out)

A R R L

1

Reads th escriptor info contained in the huffer (glokal struct).

etk de ok ok ok ke ok e R R R R
{

register int j, i;

/* desceriptor_length */

j = stream buffer-rbuffer|[stream buffer-rdescriptor_start + 1];

fprintf{out,"| descriptor length = %d\n", j);

if(3 =1 && § !'= 3)

{

Warn{out,"Invalid descriptor length™);
return;

/* Read flags */
i = stream buffer-rbuffer(stream huffer->descriptor_start + 2];

/* multiple frame_rate flag */
fprintfiout, "} multiple frame_rate flag

$d\n", (i&128) »» 7};/*mask: 1000 0000*/

/* frame rate code */

fprintf(out, "] frame_rate code

]

3d\n", (1&120) > 3);/*mask: 0111 1000*/

/* MPEG_Z2 flag */

fprintflout,"| MPEG_2 flag $ad\n", (1&4) »>» 2);/*mask: 0000 0100*/

I

/* constrained paremeter flag */
fprintflout,”| constrained parameter flag = &d\n", (1&2] > 1):/*mask: 0000 Q010%/

/* still _picture_flag */

fprintflout,"] still picture flag 3d\n", 1&1):/*mask: 0000 0001*/

#

if(i&d) /* MPEG_2_flag */
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{
if{§ 1= 3)
{
Warn{out, "MPEG_2 flag: invalid descriptor length");
return;
)

/* Read 1 hbyte */
i1 = stream butfer->buffer{stream buffer-»>descriptor start + 3};

/* profile _and level indication */
fprintfiout, "l profile_and_level indication = %d\n", i}:

/* Read 3rd byte ¥/
i = stream butfer--buffer|stream_buffer->descriptor start + 4);

/% chroma_ format */
fprintflout,”| chroma_format
0000*/

4

/¥ frame_rate_extension_flag */

SANNY, (1&192) > 6);/*mask: 1100

fprintf{out, "] frame_rate extension flag = %d\n", (1&32}) »» 85);/*mask: 0010

Qo00*/

if (detail = 1}
fprintf(out,"! reserved = %d\n", i&31);/*mask: 0001 11131*/

}
}
void
AUDIO S3TREAM DESCRIPTOR (struct buffer *stream buffer, FILE *out)
Sk R ek ke e bk ke ok ek ek ke ek Kk ke ok ko -
Reads the descripter info contained in the buffer (global struct).
R *-&’***i’-&*-k-&i-A—vk-kv%-A'-k«lr‘«-k*-k++*~k+‘k*i‘-ki‘*-L"k/
{
register int 1i;
/* descriptor _length */
i = stream buffer->butfer[stream_buffer->descriptor start + 1};
fprintf(out,"| descriptor length = %d\n", 1);
if(i 1= 1)
{
Warn(out,"Invalid desaviptor length");
return;
!
/* Read hyte */
i = stream buffer-rhufferistream buffer--descriptor_start + 2];
/* free format flag */
fprintf{out,"| free format flag = %d\n", (1&128) »- 7);/*mask: 1000 0000*/
/Y ID ¢/
fprintf(out,” ID = $d\n", (1&64) >» 6);:/*mask: 0100 0000*/
/* layer */
fprintf{out,”| layer = %d\n", (1&48) »> 4);/*mask: 0011 0000*/
if (detail < 1)
fprintf{out,"| reserved = %d\n", 1&15);/*mask: 0000 1111%/
)
void

SYSTEM CLOCK DESCRIPTOR (struct buffer *stream buffer, FILE *out)
/e e ke e ek T e ke kK ek s ek ke ek ok ke k kR
Reads the descriptor info contained in the buffer (global struect).
B O T S A b T S S S i S S o O A AR T R /

{

register int i;

/* descriptor_length */

1 = stream buffer-rbuffer(stream buffer-rdescriptor_start + 11;
fprintf (out,"| descriptor length = %d\n", i});

if(i = 2)

{
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Warn(out,"Invalid descriptor length");:
return;

}

/* Read 1 byte */
i = stream_buffer~-buffer(stream buffer-rdescriptor_start + 2];

/* external_clock reference_indicator */
fprintf(out,”| external_clock_reference_indicator = %d\n", (i&l128) »» 7);/*mask: 1000
0000*/

if{derail - 1)
fprintf (out," ! reserved = %d\n", (1&64) ~- 6);/*mask: 0L0Q 000O*/

/* elock_accuracy_integer */
fprintf(out,"| olock accuracy_integer = %d\n", 1&63);/*mask: 0011 1111/

/* Read 1 byte */
i = stream puffer--buffer[stream_buffer-rdescriptor_start + 3];

/* clock _accuracy_exponent */
fprintf{out,"| clock_accuracy_exponent = %d\n",(1&224) >~ 5y:;/*mask: 1110 Q000*/

if{dertail - 1)
fprintf(out,"} reserved = $d\n", 1&31);/*mask: 0001 1111%/

void
MULTIPLEY BUFFER UTILTIZATION DESCRIPTOR{struct buffer *stream huffer, FILE *out)
R R L R L L R -
Reads the descriptor info contained in the buffer {global struct).
s s ke ke ok b ke e ok sk ke e ke e bk e b e e e ek sk ke kb ek ok ek R ok
{

register int i;

/* descriptor length */
i= streamwbuffer—*buffer|Streamﬂbuffet—“descriptor_starr + 113
fprintf (out,"| descriptor_ length = gd\n", 1);
if(i t= 3)
{
Warn{out, "Invalid descriptor length");
return;

}

/* Read 1 hyte */
i= Stream_buffer—wbuffer|Stream_buffer—>descriptor_start + 2];

/* mdv_valid_flag >/

fprintf({out,"| mdv_valid_flag = %d\n", (i6128) >» 7);/*mask: 1000 0000*/
/% multiplex delay variation, read 1 more byte v/

i &= 127; /*me : 0111 1111%/

i= 1 * 266 /* 278 */

+ streamﬁbuffer—"buffet[stream_buffer—»descriptur_statt + 3]
fprintf{out,"| multiplex_delay variation = %d\n", 1i);

/% Read 1 byte */
i = stream buffer-vhufferfstream_buffer->descriptor_start + 4];

/% multiplex strateqy */
fprintf(out,”| multiplex strategy = %d\n", (1&224) > 5);/*mask: 1110 00Q0*/

if{detail < 1)
fprintf(out,”| reserved = sd\n", 1&31);/*mask: 0001 1111%/

void
MAXIMUM BITRATE DESCRIPTOR(struct buffer *stream_buffer, FILE *out)
/**w**+I++**+*+¥+w****+*++*+y+****++*++
Reads the descriptor info contained in the huffer (global struct).
*‘**-}.f‘kw*-A-*4"#*****-‘:4:+**'k-ki'**‘k*+*-k‘k‘l“lr*‘k**/

{
register int 1;
double rate;
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/% descriptor length */
i = stream _buffer--butfer(stream buffer-»descriptor start + 1];
fprintf(out, "} descripror_length = $d\n™, 1);
if(i 1= 3)
{
Warn{out, "Invalid descriptor length");
return;

/% Read L byte */
i = strpam_buffet—-hutfec[utream_buffe[—*deﬂcriptor start + 2);

if(detail - 1)
fprintf(out, "l reserved = $d\n", (16192} > 6);/*mask: 1100 QO00*/
/* maximum_khitrate, cead X more bytes %/
1 &= 63; /rtmask: 0011 1111*/
rate = (double)i * abhb3s /% 2716 */
+ (doublp)stleam_buffer—“hnffer(stLeam_buffeL—Fdescriptor_start + 3] *2B6 /t 278

*/
+ (double}stream buffer--buffer(stream buffer--descriptor start + 4};
fprintf(out," | maximum _bitrate = %g (%g bytes/s)\n", rate, rate*’0);
}
void
DESCRIPTOR {struct bufier vstream buffer, FILE *out)
7* e ke ke kb ek ek ke ke ke b ko R R ok g b ke e e e e
DUMMY
B T T S U i i S e R R i:&*%{*i-i--ﬁvi-/
{

register int 1;

/* descriptor _length */
i tream buffer--buffer(stream buffer-rdescriptor_start + 1};
fprintfout,"| descriptor length = %d\ni (...)\n", 1i});

void
PES PACKET (FMT_ptr PES, int unit_start, int *bytes_read, FILE *in, FILE *out)

/ F O O e O A O S VL U S

O L T R S SR T G

packet start code prefix = 3 bytes

stream id = 1 byte

FES packet length = 2 bytes

PES header = 3 optional bytes

PTS and DTS = 0 or 9 or 10 hbytes

ESCR = 6 opticonal bytes

BS rate = 3 opticonal bytes

DSM_trick _mode = 1 optional byte

adicional copy_info = 1 optional byte

PES CRC = 2 optional hytes

PES extension flags = 1 optional byte

PES private data = 16 optional bytes

pack_header field = until 256 bytes

program_packet sequence counter = 2 optional bytes
P_STD buffer = 2 optional bytes

PES extension_flag_2 = until 128 reserved bytes (optional}

max. 32 bytes

stuffing hyte (0xFF}
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Due to the limited length of TPs, a PES packet buffer (kept in PM table) is
used to save the PES packet header so that it can he interpreted as soon as
possible (and not only after having received all the information). In the
future the data_bytes will also be saved in order to do the PES CRC.

Even though all flags are included the routine was made only for Transport
streams.

All marker kits must be 1.

i--k-l--k--k-E-~k+~A'-A-*AHA'»A-i-*-t--luv*-r*-&--|-~A‘-k-k“k{4{“A"&'*i‘****/
{
struct header bits
{
fitdef DOS
/*Bits are ordered in DOS (lsbf, msbl) differently from UNIX (msbf, lsbl).
One could access bits directly with masks and shifts but code would bhe
harder to read.*/

ed orlginal _or _copy :1;
gned copyright t 1;
unsigned data_alignment _indicator HE
ungigned PES priority HE
g PES_scrambhling control 2:
unsigned noname 22
unsighed PES_extension_flag r1;
signed PES CRC_flag )
unsigned additional copy_info_flag : 1;
unsigned DSM_trick mode_flag N
unsigned EShrate_fTaq N
unsigned ESCR_flag ]
unsigned PTS DTS_flags HEH
felae
unsigned noname HEH
unsiigned PES _scrambxling control 23
unsigned FES priority 1;
unsigned data_alignment indicator 1;
unsigned copyright 1z
unsigned original_or copy oLl

unsigned BTS DTS _flags
unsigned ESCR_flag :
unsigned BS rate flag H
unsigned DSM_trick mode flag
unsigned additional copy info flag

unsigned PES CRC flag
unsigned PES extenaion fTlag

T = I N S S N
~ T e v v e s

fendif
unsigned PES headern data_ length HH
bi

union

{
struct header bits bits;
chayr bytel31;

} header;

struct PTS_DTS_bits

{
#ifdef DOS
unsigned marker bit 1 : 1;

;
unsigned PTS 32 30 : 3
unsigned noname 1 o4y
unsigned PTS 29 22 : 8

unsigned marker bit 2 : 1;
unsigned PTS_21 15 7

unsigned PTS_14 7 : 85

unsigned marker bit 3 : 1
unsigned PTS_6 0 7

unsigned marker_bit_4 : 1;
unsigned DTS 32 30 3
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unsigned
unsigned

unsigned
unsigned

unsigned

ungigned
unsigned

felse
unsigned
unalgned
unsigned

unsigned

unsigned
s Loned

ungigned

unsigned
unsigned

urs Logned
unsigned
unsigned

unsigned

unsigned
unsigned

unsigned

urisigned
unslagned

fendif
bi

union

{

noname 2

DTS 29 -2t
marker_bit 5
DTE_21 15
DTe 14 7

marker it o
DTS v O

noname 1
PTE 3230
markeyr bit 1

PTS 29 o0

bTE 21 1%
markeyr bit_ 2

PTS 14 7
BT e 0
marker bit 3

noname
DPs_ 32 30
marker bir 4

D5 147

DTS 6o

marker bit @

struct PTS DS _bits lhits;

char hyte
} stamp;

struct ERCR
{
fifdef DOS
unsigned
unsigned
unsigned
uns Logned

unsigned
unsigned
ungigned

uns Loned

unsigned

unsigned
unsigned

unsigned
unsigned

telse
unsigned
unsigned

1109

bits

ESCR 29 28
marker bit 1
BSCR_3Z_30°
resarved

ESCR_27_20

ESCR_14_13
markey il
ESCR_ 1915

5

ESCR_12_5

ESCR_extension _8_7

marker bit_3
ESCR_4_0

marker bit_4

ESCR_extensiOHWGNO

resarved
ESCR_3z_30

1:
3;
2;

8;

o I
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unsigned
unsigned

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned

unsigned

unsigned
fendif
bi
union
{

marker bit 1
ESCR_29_28

ESCR_27_20
ESCR_19_15

marker bit 2
EACR_14_13

ESCR_12 5

ESCR_4_0

marker bit 3
ESCR_extension_8 7

BESCR_extension_ 6 0
mackeyr it 4

struct ESCR_bits bits:

char byte[ﬁf;

ESCR;

struct ES rate bits

{

#ifdef DOS

flels

unsigned
unsigned

unsigned

unsigned
unsigned

@
unsgigned
unsigned

unsigned

unsigned
unsigned

fendif

bi

union

{

}

ES rate 21 15 1 7;
marker bit_ 1 :1;
Evaarw_L4_7 : 83
marker loit 2 HE ]
ES_rate_6_0 HE]
H

7

ES rate 14 7 8
ES_rate_6_0 1;
marker bit 2 ol

struct ES rate_bits bits;
char byte(3];

ES_rate;

struct DSM trick_bits

{

#ifdef DOS

tels

unsigned
unsigned
unsigned
unsigned

e
ungigned
unsigned
unsigned
unsigned

fendif

)i

union

{

bita_}
bi
bits 1

trick_mode_oontrol

trick mode control
bits 1
bits_2
bits_3

(o)
. N e e

d =
o v

e

e

=

w
~

(SRl S
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struct DSM_trick bits bits;
char byte;
} DSM_trick;

struct flag bits

{

#ifdef DOS
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

felse
unsigned
unsighed
unsigned
unsigned
unsigned
unsigned

fendif
Vi
union
{

PES_extension_flag 2
regserved
P aTD _huffer flag

program packet sequence_counter_ flag

pack‘hehieL“t.éldwflag
PES private data_ flag

PES private data_flag
pack header field flag
B STD buffer flag

rved

stension flag 2

atruct flag bits bits;
char byte;

} flags;

struct program_packet bits

{
fifdef DOS
unsigned
gned

unsigned
unsigned
unsigned

ffelse
uns i gned
unsigned

uns igned
unsigned
unsigned

fendif
b

union

{

program packet sequence aounter
marker it 1

original_stuff_ length
MPEG1 MPEGZ identifier
markey bit_Z

marker kit _1
program_packet_seqguence_counter

markeyr it 2
MPEGY_MPEG2 identifier
original_stuff length

struct program_packet hits bits;
char bytel2];
} program packet;

struct buffer bits

{

#ifdef DOS
unsigned
unsigned
unsigned

felse
unsigned
unsigned
unsigned

flendif
unsigned
i

P_STD buf size_12.8 5;
F:STDﬂbuf_scale HE
noname s 2;
noname 23
» 3TD _buf_scale 1
DWSTD“bufmsize*12~8 5

F 3TD _buf_size 7_0 : 85

N e S

N s

e Ly e

~

e el

—
~ - o~

[ext

~
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union

{

struct buffer bits hits;

char bytelz]:
} buffer;

int gtream id;
double tinme,
rate;

char str(80];
reglster int i,

n bytes

fprinttf(out, " | PES

if{unit_start)

{
PES~-rfield = 2;
PES->p = 0;
PES->info_start =
PES-~info_end =

}

while (*bytes read +
{
ifd(
{

o=

'PES-~field )

fpprintf(out, ™|

/*

= (0;/% bytes counter */

do the header

'y

n_bytes - 188)

/* Ignores PES packet {eg. padding) */

= 188 - *bytes read -n_bytes;

{rest of PES_packet ignored:

fseek(in, 1, SEEK CUR); /*Ignores rest of packet™/
*bytes_read = 188;
return;
}
else
1 PES~-field == 1) /* PES_packet data bytes extraction*/
(

[

LE(PES-packet length && 1

PES-bytes left)

\
1 = PES--hytes left;
PES-+field = 0; /* Ignores the rest */

N o A L L e L ) :

/*Verifies end of packet.*/

$d bytes)\n",1);

188 - *bytes read -n_lbytes;/* Bytes left in TS _packet*/

Warn{out, "Standard viclation: can't have stuffing after data_bytes");

/* Because L1f
the end of

Extracts(in,

shufferid}*/
fprintf(out, "]

packet length = 0 then length is unknown.

s

PES-~elementary PID,

{%d data_bytes)\n",1);

n_bytes += 1:
PES—'bnyﬁﬂleft -= i
}
else
{
/*Read PES packet byte to the corresponding butfer.*/
PES-»buffer [PER-»p+l] = (char)getc(in);
if{ feof{in) }
{
Warn{out,"Premature EOF in PES_packet");
exit(1);
}
n_bytes++;
PES—np++;
PES->»bytes left--;
PES-+header_data_length--;
}

if( PE&-~field == 20} /* Stuffing _bytes */

{

PES-»buffer(4],

One reads until

5 PACKET. Stuffing is made in ADAPTATION_ FIELD.*/

i);/*stream id=PES-
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1f{ PES-rbuffer{PES~>p] = OxFF

{
sprintf{str,"Invalid stuffing_byte = 0x%02X", PES-»buffer[PES-"p]);
Warn(out, str);

}
1f{ !PES-rheader_data length ) PES-»fileld = 1; /*extraction*/
]
else
1f(PES-»p == PES--info_end) /*Enough info to interpret.*/
[
i

switch (PE3->tfield)
{

cage X: /Y Non ovptional header v/

sbuffer(2] || PES-»huffer[3]!=1)

Warn{out, "Invalid packet_start code_prefix");
PRS- field = 0; /* Ignores rest of PES_packet */
break;

I

/¥ atream 1d Y/

stream id = PES-*huffer[4];

fprintf{out, "] stream_id = 0x%02X -+ ", stream_id);
switch{stream id)

{

case OxBC: /% program stream map */
fprintf(out, "program stream map\n");
break;
case OxBD: /* private stream 1 */
fprintf(out,"private_streamﬂl\n");
Ihreak;
case OxBE: /* padding stream */
fprintf(out,"paddinqutream\n");
break;
case OxBF: /* private stream_ 2 */
fprintf(out, "private stream_2\n");
break;
case OxFQO: /* ECM */
fprintf (out, "ECMANn");
rreak;
cage OxFl: /* EMM */
fprintf (out, "EMM\N"};
break;
case OxFZ: /* DM CC v/
fprint f{out,"DEM CC\n");
bhreak;
case OxF3: /* MHEG (IS0 13522) */
fprintf(out,"™HEG (IS0 13522)\n"});
bhreak:
case OxFF: /* program_stream_directory */
fprintf (out,"program _stream directory\n");
brealk;
default
if(stream_id»=0xC0 && stream_id<=0xDF) /* MPEG1l or MPEGZ */
{
fprintf (out, "Audio stream -~ number ");
fprintflout,"sd\n", stream id & 31);/*mask 00011111B*/
}
elae
if(stream id>=0xE0 && stream id«=0xEF) /* MPEGl or MPEGZ2 */
{
fprintf (out,"Video stream - number ");
fprintf{out,"td\n", stream_id & 15);:/*mask 00001111B*/
}
else
if(stream id»r=0xF4 && stream_id«<=0xFE)} /* reserved data stream */
{
fprintf (out, "reserved Data stream ~ number ");
fprintf(out,"$d", stream_id & 15); /*mask 000011118B%/

}
alse
{

i = 188 - *bytes read -n_bytes;
fprintf{out,"\n");
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sprintf{str,"Invalid stream id: %d bytes ignored",i);
Warn(out, str); -

»field = 0; /* Ignores rest of PES_packet */
fgeek (in, i, SEEK_CUR}; /*Ignores rest of packet*/
*bytes read = 188;

return;

}
if(PES-»old_stream_removed == NO} /*Initialized in PMmsection*/
{
RemoveStream(PES-relementary PID, stream_id);
PES--old _stream_removed = YES;
/*Implies removal every time that there's a new table and the same PID !*/
}

packer length */

RS et length = PES->buffer[5)*256 + PES-»buffer(6];

bytes left = PES-rpacket_length;

fprintf{out,”| PES packet_length = %d bytes\n", PES-»packet_length);
1E({IPES~rpacket_length && [stream id<0xE0 |] stream_id>0xEF)) /* && 1TS */

i
i

Warr(out, "Invalid length (not video)™);
PES~-field = 0; /* Ignores rest of PES_packet */
breai;

}
if(streaw_id == OxBE) /* padding_stream */
{
PES~»field = 0; /* Ignores padding bytes */
}
elae
Lf( stream _id == 0xBC || /* program stream map */
gtream id == OxBE || /* private_ stream_2 */
stream _id == OxF0 t| /* ECM_stream */
gtream ia == OxFl || /* EMM_stream */
stream_id == OxFF }/* program_stream_directory */
{
PES-»field = 1; /* Extracts PES packet_data_byte */
}
alse /* optional PES header */
{
PES~>field = 3;
PES~»info_start = PES-@p + 1z
PES--info_end = PES-rp + 37
}
break;

case 31 /% Start of optional header (flags) */

/*Read 3 bytes of header.,*/
for(i=0; 1-~3; i++) headet.byte[i]=PES—>buffer(PES—ﬁinfogﬁtart+i];

if{ header.bits.noname != 2}

{
Warn(out, "Invalid PES packet header marker");
PES-»field = 0; /% Ignores rest of PES_packet */
break;

}

/* PES_scrambling_control */

i = header.bits.PES_scrambling_control;

ifl(detail - 2 |t 1)

( fprintf(out, ™| PES_scxambling_control = %d", 1i};
LEC 1)

fprintf(out," (scrambled - user defined)\n");

else

fprintf (out, "\n");

}

* PES_priority */

= header.bits.PES priority;
fldetail < 2 || i)

fprintf(out, ™} PES_priority = $d\n", 1):

/
i
i
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/* data_allgmment _indicator */
i = header.hits.data_alignwment indicator;
iffdetail - 2 14 i) -
fprintfiout,"! datawaliqnmentﬂindicatot
/* copyright */
I = header.bits.copyright;
if(detail - 2 || 1}
fprintf (out,"| copyright

/* original _or_copy v/

tprintfiout,”"| criginal or copy =

Pf( header.bits.original or
fprintflout, " (original)in™);
elge

fprintflout," (copy)i\n");

/YOPTE_ DTS _Tlags */
i = headev.bits.PTS_DTS_flags;
PES--{lag[0] = i;
ifldetail « 2 1| 1)
{
fprintf{out, "l PTS_DTS_flags
L1 == 1}
{

Warn{out, "Invalid value"});

PES--flield = 0; /* Ignores rest of PES_packet

lrreak:

CR_flag *~/
i = header.bits.
PES= flag[l] =
if(detail < 2 (| 1)
fprintf{out, "] ESCR_flag

3CR_Elag;

/% BE rate_ flag */

1 = header.bits.ES_rate_flag;

PES--flag (2] = iy

if(detail « 2 || i}
fprintf{out,"| ES rate_flag

/* DSM_trick_mode_tlag */
i = header.lits.DSM _trick mode flag;
PES->flagl3] = i;
ifldetail « 2 1} 1)
fprintf {out, ™| DSM_trick mode flag

/* additional copy info flag */
i = header.bits.additional_copy_info_flag;
PES->flagld] = 17
ifldetall - 2 || 1)
fprintf(out,”| additional copy_info_flag

/* PES_CRC_flag */
i = header.bits.PES_CRC_flag;
PES->»flagih] = 1i;
ifl(detall = 2 |1 i)
fprintf (out,"| PES_CRC_flag

/* PES_extension_f£flag */
i = header.bits.PES _extenslon_flag;
pPES-»flag(6] = 13
if{detail = 2 i 1)
fprintfiout,"| PEI_extension_flag

/* PES_header_data_length */

= %d\n",

= %d\n",

i):

i);

%", header.bits

= %d\n",

= %d\n",

= zd\n",

= zd\n",

= %d\n",

= %d\n",

= %d\n",

y

ids

i)z

i):

i):

.original_or_copy);

PES-»header data_length = header.bits.PES_header_ data_length;
fprintfiout,"| PESmheaderﬁdata_length = $d\n", PES->header_data_length);
if (PES-rpacket length && PES-rheader data length

{
Warn{out, "Invalid length™);
pES--field = 0; /* Ignores rest of PES_packet */
brealk;

}

PES~>bytes_left)
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/* Which 1s the first active flag. */

for(i=0;

switeh(l)

{

}
PES--info_stavt = PES-»p + 13
break:

VPES->flag(i] && 1i<7; i++);

cage 0: /*PTS_DTSE_flags*/
- field = 4:

Tase i

‘info_end = PES-»p + 5; /* DTS decision afterwards */

= PES->p + 67

case O rate flagr/
field = 7;
sinfu_end = PES-cp + 3;
case 3 4 trick_mode flagv/
PE: field = 8;

PES-info_end = PES--p + 1;

break;

case  4: /*additional_copy info_flag*/
3 field = 9;
P ‘Anfe_end = PES--p + L3
Dreak;

case ol

case 0

CRC_flag*/
field = 10;
‘dAnfo_end = PES-»p o+ 23

tension_flag*/

FES-»field = 11;

PES- infu_end = PES-=p + 1;

bhreak

v

default: /*All flags are zero */
if{ !PES--header data length ) PES--field = 1; /*extraction*/

alae

LE(PER- "header_data_length » 32)

i

Warn(out, "Too much stuffing bytes (»32)");
PES--field = 0; /*¥Ignores rest of PES packet>/

|
i

elae

cagse 4 /Y PTA

PES-~field = 20; /*stuffing bytes*/

y

/rRead 5 bhytes of
for(i=0; i.%5; 1++)

BTS. %/
stamp.byte|i]=PES->buffer|PES->info_start+i];

fprintf(out, " An");

1f{ stamp.hits

L0

Warn{out, "PTS:

name 1 = PES->flagl0] }
invalid inicial macker");

Lf( /* stamp.bits.pnoname 1 = PES->flagf{0] |I*/
tatamp.bits.marker bit_1 [
Istamp. bits. macker_hit 2 i
lestamp.bits.marker_bit 3 }

}

time = (double)stamp.bits.PTs_32 30
+(double)stamp.bits.PTS
+(double)stamp.bits . PTS_21_
+{double)stamp.bits . PTS_14 7

Warn(out, "PTS:
PES-“Field = 0; /% Ignores rest of PES_packet */

break:

invalid marker(s)");

* 1073741824 /% 2°30 */
9 22 * 4194304 frozn2z %/
1715 * 32768 /2018 */

* 128 fro2nT xS

2

+{double)stamp.bits.PTS_6_0 ;
fprintf (out,"|

if(PES-~flagl0]

{

PES- - field =
PES-~infu_end

PTrSs

5 .

’

= %g (%g s)\n", time, time/90000);

3) /* DTS */

PES->p + 5;
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else
{
/% Which is the next active flag */
for{i=1; !PES->flag[i] && i<7; i++};
switech{i)
{
case 1: /YESCR_flag»/
PES~->field = 6;
PES--info_end = PES-»>p + 6;
break;
case 2: /*ES_rate_flag*/
rES-~field = 7;
PES-+info_end = PES-»p + 3;
break;
case 3t /*DSM_trick_mode flag*/
PES--field = 8;
PES--info_end = PES-»p + 1;
break;
case 4: /*additional _copy info_flag*/
PES->field = 9; N
PES-~info_end = PES->p + 1;
break;
nase 5 /vPES_CRC_flag*/
pES-~field = 10}
PES--info end = PES->p + 2;
rreak; B
case 6: /*PES_extension_flag*/
PES--fleld = 11;
FES-»info_end = PES->p + 1;
break;
default: /*All flags are zero */
if{ !PES-rheader data length ) PES-»field = 1; /*extraction*/
alse - h
1 f(PES-rheader_data_length > 32)
{
Warn{out, "Too much stuffing bytes (>32)");
pEA-~field = 0; /*Ignores rest of PES_packet*/
}
alse PES-»field = 20; /*stuffing bytes*/

b
FES->info_start = PES-rp + 1;
break;

case H: /* DTS */

/*Read H hytes of DTS.*/
for(i=0; 1.95; 1++) 5_amp.byte[i+5]=PES—>buffer[PES—binfo«start+l};

1 stamp.bits.noname_2 != 1 ||
tstamp.bits.marker bit 4 ||
Pstamp.bits.marker_bit_5 ||

stamp.bits.marker _bit 6 )

{
Warn{out, "DTH: invalid marker(s)");
PES-~field = 0; /* Ignores rest of PES_packet */
break;

!

time = (double)stamp.bits.DTS 32 30 * 1073741824 /* 2730 %/
+{double)stamp.bits . DPS_29 22 * 4194304 feo2r2z v/
+{double)stamp.bits.DT5_21_156 * 32768 fr 2715 %/
+ldouble)stamp.bits.DTS_14 7 > 128 /r o207 %
+{double)stamp.bits.DTS_6_0 ;

fprintflout, "l DTS = %g (%g s1\n", time, time/80000);

/* Which is the next active flag */

for{i=1; !PES->flagl{i] && i<7; i+4)

switch(i)

{

case 1l: /*BE3CR_flag*/
PES-»field = &;
PES->info_end = PES->p + 6;
break;

case 2: /*ES_rate_flag*/
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zase

case

case

case

defau

}
PES- -1
break;

case 0@

/*Read
for(i=

frprint

'E
1B
'E
'E

it

Warn
PES-
hrea

}

if{det
fpri

time =

fprint
rate =

fprint

fprintf{out," (E3CR = %g s)\n",

pPES~field 7;

PES-"info_end = PES-»p + 3;

break;

PES->field = 8;

PES->info_end =
Ihreak;
4:

="9;

PES-»field

/*DSM_trick_mode_ flag*/
PES->p + 1

/*additivnal_copy_ info_flag*/

Sy
PES--info_end = PES-»p + 1;

break;

8: /*PES_CRC_flag*/
PES--field = 10;
PES~-info_end = PES-bp + 23
break;

G: /¥PES_extension_flag*/
PES-field = 11;

PES-~info end = PES-»p + 1;
break; -
lt: /*All fla are zero */

1Eq

elae

LE({PES->header _data

{

Warn (out,

!PES~ header data length )}

"Too much stuffing bytes

PES~-field = 1; /*extraction*/

length » 3Z)

{»32)");

PES--field = 0; /*Ignores rest of PES_packet*/

elge PES->field

nfo_start = PES->p + 1;

/¥ ERCR ¥/
Y/
CR.byte

9 bytes of ESC
Q; 16; 1i++)

flout,"i\n");

+({double)ESCR.bhits.
f{out,"| ESCR base

nle)
»

{douhle)ESCR.Ibits
+(double) BESCR.bits,
flout,"}] ESCR_axtension

20;

/*atuffing bytes*/

[11=PES->buffer [PES-»info_start+i];

SCR.bits.marker bhit 1 |

SCR.bits.marker _bit 2 ||

SUR.bits.marker it _3 ||

SCR.pits.mavker it 4 )

(out, "ESCR: invalid marker{s)");

“field = 0; /* Ignores rest of PES_packet */

k:

ail 1)

ntf(out,"] reserved = %d\n", ESCR.bits.reserved);
{doukle)ESCR.bits ESCR 32 30 * 1073741824 /* 2730 */

+(double)ESCR.bits.ESCR_29 28 * 268435456 /¥ 2728 */

+{double)ESCR.bits.ESCR_27_20 * 1048576 Jro2n20 */

+(double)ESCR.bits.BESCR_19_15 * 32768 /¥ 2715 %/

+(double)ESCR.bits.ESCR_14_13 * 8192 /* 2r13 */

+(double)ESCR.bits . ESCR_12_ & * 32 /v 275 x/

ESCR_4_0 ;
$g\n", time);

CR_extension_8_7 * 128
ESCR_extension_6_0;

"
’

$g ratej;

(time*300+rate)/27000000);

/% Which is the next active flag */

for{i=

switeh
{

case

case

2; VPES--flag[i] && i<7
(i)
2: [/*ES rate_flag*/

PES->field = 7;
PES-»info_end
hireak;

3:

it+) s

’

PES-»p + 3;

/*DSM_trick mode_flag*/
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case H:

case 6

default:

}

PES--field = 8;

PEG--info_end = PES->p + 1;
break;

/*additional copy info flag¥*/
PES-»field = 9; - -
PES-»info_end = PES-»p + 1;
break;

/*PES CRC flag*/

PES--field = 10;

PES-»info_end = PES-»p + 2;
break;

/*PES_extension flag*/
PES-~field = 11;
PES->~info_end = PES->p + 1;
break;

/*All flags are zero */

Lf( !'PES-"header data length ) PES--field = 1; /*extraction*/

LT (PES-rheader data length » 32)

{
Warn(out, "Too much stuffing bytes (>32)");
FES-~field = 0; /*Ignores rest of PES packet¥/

elge PES--field = 20; /*stuffing bytes*/

PES-~info_start = PES-»p + 1;

break;

case J: /% ES_rate */

/*Read 3
for (i=0;

bytes of ES_rate.*/
i<3; i++) ES&_rate.byte[l]=PES-rbuffer|PES-»info_start+il;

fprintf{out,"I\n");

if( ES rate.bits.marker bit_1 ||
lES rate.bits.marker_bhit_2 }

Warn{out, "ES rate: invalid marker(s)");
PES->field = 0; /* Ignores rest of PES_packet */

break;

}

rate = {(double)ES rate.bits.BS_rate 21 15 * 32768
+(doublﬁ)ES:rate.bits.ES_rate“l4»7 v 128
+{double)ES rate.bits.ES_rate_6_0;

fprintflout," ES_rate = %y (%g bytes/s)\n", rate, ratexbh0);:

1f( lrate

)

Warn{out, "Invalid value");

/* Which
for{i=3;
awitch (i)
{

case 31

case 5

default:

ia

the next active flag */
Es3-rflag[l] && i<7; 1it++);

e

/*D3M_trick_mode_flag*/
PES->field = 8;
PES~ - info_end = PES—wp + i;
break;
/radditional_o
PES-=»field = 9;
PES-+info_end = FES-»p + 1;
break;

/¥ PES_CRC_flag*/
PES-+field = 10;
PES-rinfo_end = PES-»p + 2i
break;
/*PES_extension_flag*/

opy_info_flag*/

PES->field = 11;
PES--info_end = PES->p + 1;

break:

/*All flags are zero */

if( !PES->header_data_length ) PES-»field = 1; /*extraction*/
else

if{PES--header data_length > 32)

{

Warn {out, "Too much stuffing bytes (=32)");
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rr

B AT

oSt trick_m

1, A

Ltuivk mode

= 0; /*Ignores rest of PES_packet*/

oide

ont
LTl

= 10; /*stuffing bytes*/

maode . ¥/

putfer[PES~-infu_start]s

trick mode control = %d -
val);
ick_mode_control )

[ i 3 Swara v/
TpoL st , ME Forwardsn®y;
fion froun, " field id = %d\n",DSM_trick.bits.hits_l);
fprinut {out, " intra'slice_Lef[esh = %d\n",DSMmtrick.bits.bits“Z);
fprint £{out, " frequency truncation = %d\n",DSM_trick.bits.bits_ﬁ):
all;
[RERY 1z Slow Motion Y/
Fiout,"Slow Motion\n");
Pow DEM o vriokt Jhits LoroB
- . Loit ©
chaoblts.bita 3;
fperinef (oun, "1 field rep_cntel = %d\n", i)s
oLeibg
K] sy a Frame Y/
fpovinrfiout, " res Frame\n");
fSpcinti{our, ") field id = s\, DSM_trick.bits.bits_11}2
] SkLbits.bits &< 4
an rle rrte
it (\Lii"(‘ri‘ 1y
fprintf{out, "] reserved = Fd\n", 1)
break;
DR YRR S AL Kavearse v/

el AUl

/v Windeh is

for(i=4; !
AR E S ]
i

cacee d

default:

fprint £ oot
fprint £iout
tprintf{out
forine £ iout

Uil mar

,"Fast Reverse\n");

P
I"l

L

field id = $d\n",DSM_trick.bits.bits 1);
intra slice refresh = sc\n”, DSM_trick.bits.bits 2}
frequency truncation = sd\n", DSM_trick.bits.bits _3);

LpLJntﬁXmuc
break;

/v pawerved ¥/
fprint flout, "reservedin™];

the nest
B flagli]

,"|

acti

& &

field_rep_untrl = gd\n", 1i};

ve flag */
IR R

/*additional_copy_info_flag*/

PRS- field =

9;

’

PES--info_end = PES--p + 17

break;
/

- field =

5

bhreak;
/HPES _exten
PES~-field =

CRC flagv/

10;
PES--info_and =

11

PES-.info_end =

brreak;

PES-p + 25

sion_flagr/

;

PES~->p + 17

/*ALl flags are zero */ )
if{ !PES--header_data_length ) pEs-»field = 1; /*extraction*/

alge

1T (PES-rheader_data_length > 32)

{

Warn {out, "Too much stuffing bytes (»32)"):
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)

PES--field = 0; /*Ignores rest of PES_packef*/
}

else PRS- field = 20; /*stuffing hytes¥/

PES-»info_start = PES--p + 1;
breal;

case 9: /% additional_copy_info */

/*Read byte of additional_copy_info.*/

i

= PES-“hulffer|[PES--info_start];

fprintf{out,”I\n");

/* markel
LEC (1 &

}

/% mask 1000 0000 */

Warn(out, "Additional copy_ info: invalid marker");
PES-~field = 0; /* Ignores rest of PES_packet v/
hreak;

fprintf(out,"| additional_copy info_flag = sd\n",i & 127);
/% mask 0L11 1111 »/

/% Which 1s the next active flag v/
fovr(i=%; tPES--flagli] && iv7; 1++);
switeh(i)

}

default: /*AlLl

H1 /FPEE_CRC_fTlag*/

-field = 10;
PES--infu_end = PES--p + 27
break:

case a: /VE

3_extension_flag*/
fleld = 11;
rinfo end = PES~--p + 1;

flags are zero */
if( 'PES=- header data_length ) PBES-»field = 1; /*extraction*/
@]l g
if(PEs-rheader _data_ length » 32)
{
Warnlout, "Too much stuffing bytes (»32)");
PES--field = u; /*Ignores regt of PES packet*/

mlage PES--field = 20; /*stuffing bytesx/

PES~-info start = PES-»p + 1;
break;

case 101 /% PES _CRO Y/

/

i

*Read previous PES packet _CROL*/ ]
= PES--buffer|PES-~info_start] *256 + PES-rbuffer (FES-~»info_start +11;

fprintf(out,"(\n] previous PES_packet CRC = %d\n",i);

/

*1 Here one would VERIFY THE CRC */

/% If next flag is active */
if( PES--flagl6] )

{

PES->field = 11;
PES~~info_end = PES--p + 1;

rlse

{

if{ !PE3-header data length ) PES-»field = 1; /*extraction*/
else
if (PES=-"header data_length » 32)
{
Warn (out, "Too much stuffing bytes (>»32)"};
PES-»field = 0; /*Ignores rest of PES_packet*/
}
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else PES-:field = 20; /*stuffing hytes*/
b
PES->info srart = PRS->p + 1;
break;

case 11l: /* PES extension */

/*Read flags byte.*/
flags.byte = PES-=butfer[PES--info_staut];

/* PES private_data_ flag */

PES~ flagl0] = flagg.bits.PES_private_data_flaq;

fprintf{out,"I\nl PES_private_data_flag = %d\n", PES->flaq(O0]);
/* pack _header_field flag */

PES--flagil] = flags.bits.pack_header field flag;

fprintflout, "l pack header_ field flag = %d\n", PES-»flaqg(l]}:

/* program_packet_sequence counter flag */
PES-»flagl|2] = flags.hits.program_packet sequence_counter_flag;
fprintf(out,"| program_packet sequence_counter flag = %d\n",FES--flag(2]};

/* P_STD buffer flag */
PES- - flag[3] = flags.bits.P_S3TD buffer flag;
fprintfiout,"| P _STD buffer flag = $d\n", PES~-flag|3]);

if{detall - 11
fprintfiout,"! reserved = %d\n",flags.bits.reserved);

/* PES_extension_flag 2%/
PES->flagld4} = flags.bits.PES _extension_flag 2;
fprintf(out,"| PES_extension_flag 2 = %d\n", PES--flagld4]));

/* Which is the first active flag */
for{i=0; !'PES->flagli] && 1-15; i++);
switch{i)
case O: /*PES_private_data_ flag*/
- field = 12;
PES~~info_end PES->p + 16; /* DTS decision afterwards */
break;
case 1: /*pack_header field flag*/
PES~-fleld = 13;
PES-sinfo_end =
Iireak;
‘program packet _segquence counter_flag*/
--field = 15;
‘info_end = PES-»p + Z;

ihon

PES-»p + 1; /* pack_field-length */

ATD buffer flag*/
PES--field = 16;
PES~rinfo_end = PES-»p + 2;
break:

case 4: /*PEG _extension flag 2%/

field = 17;

g = PES-»p + L1; /* PES extension field_length */

default: /*All flags are zero */
if{ !'PES-rheader _data_length ) pPES->field = 1; /*extraction*/
else
i f{PES-~header_data_length = 32)
{
Warn{out, "Too much stuffing_lbytes (»32)");
PRS- -fileld = 0; /*Ignhores rest of PES_packet*/
}
@lue PES-»field = 20; /*stuffing bytes*/
)
PES-»info_start = PES->p + 1;
break;

case 12: /* PES private data */
/* Here one would read the PES_private data ! */

/* Which is the next actlive flag */
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for(i=1; !PES-:

switch(i

flagi] &6 1<5; 1+4);

case 1: /*pack_header field flag*/

FES->»field = 13;

PES->info _end

PES-»p + 1; /* pack field-length */

break;

0
b
o
D
[

/*program_packet sequence counter flag¥/
PES--field = 15;
~info_end =

PES-p + 2;

hrealk;

case  3: /*P

3TD buffer flag*/
field = 16;
‘info_end = PES-»p + 25

break:
case d: /*PES_extension_flag 2%/

field = 17;
LS-rinfo_end = PES--p + 1; /* PES_extension_field_length */
bhreak;

default: /*All flags are zero */
if( 'PES-vheader data_length ) PES-»field = 1; /*extraction*/

alge

1f(PES~- -header_data_length - 32)

{

Warn{out, "Too much stuffing bytes (»32)");
FEs-~Tield = 0; /*Ignores rest of PES packet*/

}

i

elase PES--field = 20; /*stuffing bytes*/

}

PES-"info_start

break;

= PES->p + 1;

case 13: /* pack_field length */

/* Read pack_field length */

i = PES-rhuffer[PES-+info_start];

fprintf(out,"I\n| pack_field length = %d\n", i);
/* VALIDATE WITH header data length 11 */

PES-~field =

PES->info_end

¥
else

{

14;

= PES->p + 1i:

/* Which is the next active flag */
for(i=2; !'Pha--flagli] && 1<5; 1i++);

switch{i)
{

case 23

/*program _packet sequence_counter_flag*/

PES-»field = 15;
PES-»info_end = PES-»p + 2}
brealk;

case 3: /*P_STD buffer flag*/
FPES->field = 16;
PES-~info_end = PES-»p + Z;
break;

case 4: /*PES_extension_flag 2%/
PES-»field = 17;
PES->info_end = PES-»p + 1; /* PES_extenslon_field length *f
break;

default: /*All flags are zero */

LE(

| PES->header_data_length ) PES-»field = 1; /*extraction*/

elae

if (PES~rheader_data_length » 32)

Warn(out, "Too much stuffing bytes (»32)");
PES-»field = 0; /*Ignores rest of PES packet*/

else PES-»field = 20; /*stuffing bytes*/

{
}
}
}
PES->info_start
break;

= PES-»p + 1;
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case 14: /% pack_header field */

/* FOR THE MOMENT pack_header() IS IGNORED !I! */
/* Identify if TS or PS. Identify if MPEGL or MPEGZ. */

/* Which
for(i=2;
switech(d)

default:

}

PES-

is the next active flag */
VPES~~-flag[i] && 1i<5; i++);

/rprogram_packet sequence_counter flag*/

BES-~fileld = 15;

PES= -infto end = PES--p + 23

mreaks -

/b STD buffer flagh/

PES-»fileld = 16;

PES->info_end = PES-»p + 2;

bhreak;

/YPES _extension_flag 2%/

ield = 17;

PES--info_end = PES-p + 1; /* PES_extension field length */

hreak; -

/%ALY flags are zero */

Lf( 'PES->header_data_length ) PES-»>field = 1; /*extraction*/

alse

LE(PES->header data_length » 32)

{
Warn{out, "Too much stuffing_bytes (»32)");
PES~-field = 0; /*Ignores rest of PES_packet*/

}

elgse PES-»field = 20; /*stuffing bhytes*/

PES-»info_start = PES-»p + 1;

break;

case 15: /* program packet sequence counter */

/*Read 2
for(i=0;

bytes of program_packet sequence_counter.*/
i<2; 1++) program_packet.byte[i]=pPES->buffer[PES->»info_start+i];

i lprogram packet.bits.marker _bit 1 (]
Iprogram_packer.bits. macker bit 2 }

{

Warn{out,"Program_packet sequence_counter: invalid markec(s)}");

PES-»fi

break;

}

eld = 0; /* Ignores rest of PES packet */

fprintf(out, "\n] program packet_ sequence_counter = %d\n",

program_packet.bits.program_packet sequence_counter);

fprintf{out,"| MPEGl MPEGZ identifier = %d\n",

program packet.bits . MPEGl _MPREGZ_identifier);

fprintfiout,"] original stuff length = %d\n",

/* Which
for{i=3;
switch(di)
{

cagse 3:

default:

program_packet.bits.original_ stuff length);

s the next active flag */
IPES->flag(i] && 1<B: i++);

/*P_3TD_buffer_flag*/
PES-»field = 16;
PES--info_end = PES-»p + Z;
break;
/*PES_extension_flag 2%/

PES->field = 17;

PES--info_end = PES-»p + 1; /* PES_extension_field length */
Ibreak;

/*ALl flags are zero */

1f( 'PE3--header_data_length ) PES-»field = 1; /*extraction*/
else

if(PES-header_data_length » 32)

{

Warn(out, "Too much stuffing_hytes ({»32}");
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PES-»field = 0; /*Ignores rest of PES_packet*/
}
elgse PES~~fileld = 20; /*stuffing bytes*/
}
PES--info_start = PES->p + 1;
break;

cagse le6: /* b_STD_puffer */

/* Read . bytes of P _3TD buffer */
for{i=0; i-Z; i++) buffer.byte(i]=PES-rbuffer[PES--info_start+i};

LE( buffer.bits.noname 1= 1 )

{
Warn{out, "P_5TD buffer: invalld marker"};
PES--field = 0; /¥ Ignores rest of PES _packet */
break;

}

fprintf(out,"I\n| P_STD buffer_ scale =
i = buffer.bits.P_sSTD buf_size 12 8 *256
thuffer.bivs.B_S5TD buf_size 7 _0;
fprintf{out,"! P_S8TD buffer size = %d {(Tamanho de buffer = ",1i);
if(buffer.bits.P_3TD_buf scale)
fprintfiour, ™$1d byresiyn®™, (long)li *1024);
2lge

fprintf{out,"tld bytes)\n", (long)i *128);

3d\n", buffer.bits.P_STD huf_ scale);

/¥ If next flag ls active */
TE0 PES--flag{4} )
{
pPES~-+fleld = 17;
PES-»info_end = PES-»p + 1; /* PES_extension_field length */

}
else
{
1f{ !'PES-"header data_length ) PES-»field = 1; /*extraction*/
else
Lf(PES- -header _data length - 32Z)
l

Warn{out, "Too much stuffing bytes (-32)"};
PES-~fleld = 0; /*Ignores rest of PES packet*/
}
elae PES--~field = 20; /*stuffing bytes*/

S-cinfo_start = PES--p + 1;

case 17: /* PES_extension_field_length */

/*Read byte of PES extension_field length.*/
I = getalin);

/* marker bit */

LE( {4 & 128) ) /* mask 1000 0000 */

{
Warn(out,"PES extension field Z: invalid marker™);
PES--field = 0; /* Ignores rest of PES_packelt */
break;

}

i &= 127; /* mask 0111 1111 */
fprintflout,"I\nt PESwextension_field_length = %d\n", 1}:

if(i)
{
PES--field = 18;
PES-»info_end = PES->p + 1; /*Ignores PES_extension_field*/

else
{
if{ !'PES- header data_length ) PES-»field = 1; /*extraction*/
else -
if (PES- -header_data_length - 32)
| )
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Warn{out, "Too much stuffing bytes (>32)");
PES->field = 0; /*Ignores rest of PES_packet*/

3
i

else PES-rfield = 20; /*stuffing bytes*/
}
PES-»info_start = PES->p + 1;
break;

case 18: /v PES_extension_field */

/* Here one would read the PES _extension_ field

Lf{ 1PES-header data_length )} PE3--field =
else
1£(PES~-~header_data_length - 32)
{
Warn{out, "Tou much stuffing hytes (=32)}");

PES--Tield = 0; /*Ignores rest of PES packet*/

}
elge PES~ -field = 20; /*stuffing bytes*/
break;

!
}

*hytes_read = 188;

)
void
Warn(FILE *out, char vstro)
/ B R O T S i S e O L e U S S o o e T
Prints a warning in the parsing and in a log file.
R kO T e A R R A 'r/
{
/o boolean log;
unsigned long n Thks;
char no_extension|80); GLOBAL VAR. 1%/
char errorstr{80), s[80];
FILE *logfile;
1E( log )
{
sprintf(s,'"%s.LOG", no_extension);
if{{logfile=fopen{s, "at")) == NULL)
{
sprintf(errorstr,"\nat - can't open %s (log filel",s});
perror{errorsty);
return;
}
gprintf (s, "$1d\t! %s\n", n_Tks + 1, str);
fprintf(logfile, s);
fclose{logfile);
}
fprintf (out, "t ");
fprintf(out, str);
fprintf(out,"\n");
}

/*extraction¥/
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5. CODIFICADOR DE FLUXOS BINARIOS DE TRANSPORTE
MPEG-2 SISTEMA

5.1 Introdugéo

A estrutura basica do codificador segue a légica do que foi implementado nos
descodificadores através de uma operagio inversa. Os diversos campos de informagéo séo
mapeados nos byfes enviados.

No entanto, levantam-se questbes mais complexas, pois é necessario simular toda a
etiquetagem temporal e estabelecer uma estratégia de multiplexagem, assegurar que todos
os casos de ajustes no empacotamento sejam considerados e que 0s valores sejam
correctamente codificados.

Nos pontos seguintes, descreve-se o percurso seguido e relevam-se os pontos mais

importantes, justificando as decisbes tomadas.

5.2 Entrada de dados

A primeira questdo que se pds foi como introduzir toda a quantidade de dados de uma forma

flexivel.

Decidiu-se utilizar o formato do ficheiro com o resultado do parse feito pelo descodificador
MPEG-2 (ver ponto 4.3.4), pois este é facilmente alteravel com um editor de texto. Desta
maneira, testes de desmultiplexagem e multiplexégem consecutivos para comparacgéo
ficariam também facilitados.

O programa & corrido tendo como argumento estes ficheiros de gestéo de multiplexagem.
Dados extra sao introduzidos manualmente durante a prototipagem. Posteriormente, seréo

incorporados no ficheiro de gest&o.

Uma vez que este trabalho se centra sobre a parte de sistema da norma, séo utilizados os

fluxos elementares MPEG-1 referidos no ponto 4.2..
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5.3 Etiquetas temporais

A etiqueta temporal de referéncia PCR (Program Clock Reference) € medida em ciclos do
relégio de sistema, de frequéncia 27 MHz. Como sabemos a quantidade de bytes que
vamos produzir, &€ essencial determinar o débito do fluxo de transporte para determinar o
PCR.

As etiquetas temporais PTS e DTS (Presentation e Decoding Time Stamps) de um fluxo
elementar sdo medidas em ciclos do valor base (1/300) do reldgio de sistema: 90 KHz.

O estudo de um protétipo de um codificador de MPEG-1 Sistema' permitiu estabelecer um
método para obter etiquetas temporais a partir das unidades de acesso de fluxos video e

audio.

Uma unidade de acesso é a representagdo codificada de uma unidade de apresentagéo

(imagens de video ou tramas de 4udio).

Se a imagem é a primeira de um GOP (Group of Pictures), entéo a unidade de acesso
contém o cabecalho de informagdo referente a esse GOP. O mesmo se passa para uma

sequéncia de imagens.
A unidade de apresentagio para audio é o conjunto de amostras de uma trama de audio.

Como néo se espera, a partida, que uma multiplexagem em soffware seja feita em tempo
real, a solugdo de pré-processar os fluxos elementares torna-se muito atraente, pois permite

ler e confirmar a informagéo necesséria sobre o fluxo.

Uma multiplexagem feita & medida que se 1& os fluxos elementares, implica uma gestéo

complexa de buffers e ndo se justifica para os objectivos deste trabalho.

5.3.1 Video

A primeira imagem, em termos de descodificagdo, de um GOP é do tipo 1. A altima, em
termos de apresentacdo, é do tipo | ou P. Os start_codes que identificam as imagens estéo

sempre alinhados ao byfe.

3 mplex’ de Christof Moar (1994).
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Na sintaxe de video para o sequence_header() obtém-se o campo picture_rate, que fornece
informaco sobre o nimero de imagens por segundo e a partir do qual séo feitas todas as
assumpgoes sobre o fluxo.

O célculo do tempo de descodificago é imediato:

RELOGIO_BASE

ciclos por imagem =
imagens_ por_segundo

DTS = ordem_de_descodificacao x ciclos_por _imagem

A ordem_de_descodificag8o é a sequéncia em que as unidades de acesso sé&o lidas.

O campo temporal_reference, presente na unidade de acesso, informa-nos da ordem de
apresentag&o da imagem no GOP. Como a ordem de descodificagéo ndo pode ser maior do
que a de apresentagdo, e devido ao reordenamento das imagens, temos:

PTS = (femporal_ reference + I — ordem_ de_descodificacao_no_GOP + ordem _ de descodiﬁcncno)

x ciclos  por_imagem

E também fornecido o débito do fluxo através do campo bit_rafe. Pode-se, no entanto, a

partir do picture_rate, calcular um valor mais correcto:

tamanho_do_ fluxo
debito = : x imagens_ por_ segundo
numero_de_imagens

A rotina implementada extrai também informag8o adicional (pag. 148 a 153). Mostra-se a
seguir um exempio com o fluxo obtido pelo parser de MPEG-1 (ver ponto 4.2):
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Scanning video stream w/PID = 0x901 (2305) and stream id = 0xBO (224).
Picture headers: 142
File length = 863689
Stream length = 862655
sequence_start_codes : 1
sequence_end codes : 1
GOPs N 13
Pictures : 142
I : 12 =+ avg. slze = 10922 bytes
B : 38 - avg. size = 9458 bytes
B 3 94 -~ avg. slze = 4160 bytes
8] “ 0 -~ avg. size = 0 bhytes
Horizontal size: 352
Vertical size 240 Aspect ratic @ 1.0000 (VGA etc)
Picture rate 24,000 frames/sec
Bit rate 12678 bytes/sec | 35888 bits/sec)
Computed rate 15178 bytes/sec ( 55888 bits/sec) [based on picture rate]
Vibv buffer size: 40960 bytes
C3SPF : 1

5.3.2 Audio

As tramas audio apenas necessitam de PTS (que coincide com o DTS) e assumem-se

alinhadas ao byte.

O namero de amostras por segundo & obtido através do campo sampling_frequency e a
quantidade de amostras, através do layer (camada). Desta maneira, o PTS avalia-se

directamente a partir da ordem de descodificac&o:

ordem_de_ descodificacao x amostras x RELOGIO__ BASE
— + PTS_minimo_de_video

PTS =
amostras_ por_segundo

Adiciona-se 0 menor tempo de apresentagdo de video (PTS_minimo_de_video) para que 0
audio ndo seja apresentado antes do video, quando a ordem de descodificagdo for igual a

Zero.

O débito do fluxo resulta do cruzamento do /ayer com o bitrate_index.

Mostra-se a seguir o resultado da rotina implementada (pag. 154 a 157), para o exemplo de

audio:
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Scanning audio

Frame headers: 230

File length = 96

stream w/PID =

9 with si
221 with s

Stream length = 9613l
Syncwords 230
Frames

Layer : i
CRC checksuns H na
Bit rate 165384
Frequency : 44.1
Mode 3
Mode extension : 0
Copyright it 0
Original/Copy 0
Emphasis 0

0x902 (2306)

417 bytes
418 hytes

(protection bit = 1)

bytes/sec
kHz

(128 kbit/sec)

single channel
no copyright
Copy

none

and stream_id

0xCo

{192).
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5.4 Débito do fluxo de transporte

O STD (Standard Target Decoder) descodifica apenas um programa de cada vez. As
indicagbes temporais constantes na norma séo relativas 4 base de tempo desse programa.

A altura em que um byfe entra no STD pode ser determinada pela contagem dos bytes - no
fluxo de transporte completo - entre PCRs sucessivos do programa em causa.

Os fluxos de transporte podem conter véarios programas com bases temporais
independentes. Conjuntos separados de PCRs (indicados pelos PCR_PID) séo necessarios
para cada programa independente e, portanto, 0s PCRs néo podem ter a mesma localizacdo
(condicdo necessaria para se poder variar o débito de transporte).

Néo é possivel que o débito do fluxo de transporte seja varidvel quando contém véarios
programas com bases temporais independentes. E possivel ter fluxos de transporte de
déhito constante com varios programas de débito variavel.

A discussdo das questdes relacionadas com débitos variaveis é feita no apéndice D da
norma. Para efeitos do trabalho em curso, assume-se que o0 déhitos de transporte
{debito_TS) e dos programas s&o constantes:

numero _ programas
debito_TS = Y. debito_ programa pt debito _ PSI +debito_extra
p=1

Basicamente, o débito de transporte é constituido pelos débitos dos programas que o
compdem. De acordo com o apéndice C da norma, é necessdrio, para além do débito
inerente as tabelas de PSI, considerar um débito extra para elemenios respeitantes a
transmissdo do fluxo, que se poderd também usar para acertos, devide ao esquema de

multiplexagem.

5.4.1 Informacéo Especifica de Programa

Uma tabela de PSI divide-se em secg¢des com comprimento maximo de 1024 bytes (excepto

no caso de tabelas privadas, que podem ir até aos 4096 bytes).

A tabela de associagdo PAT (de PID = 0) estabelece uma relac8o entre os programas e o0s
PIDs dos pacotes que transportam a sua definicéo.
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E a tabela de mapeamento de programas PMT que define os elementos de um programa.

Cada programa s6 pode ser definido numa secgéo.

Na implementagéo, sem prejuizo do raciocinio geral, assume-se que cada secgéo cabe num
pacote de transporte e que cada pacote transporta apenas uma secgéo. No caso da PAT,
isto limita o nimero maximo de programas. No caso da PMT, implica que é necessario um
TP por programa, facilitando o manuseamento mas aumentando a largura de banda
necessaria. Deste modo, obtém-se o débito através do niimero de pacotes necessarios e a

frequéncia de ocorréncia da informagéo:

debito PSI = (1 + numero_ programas) x 188 x frequencia_de_ PSI

Para se poder comparar com o rel6gio, em ciclos, basta calcular:

RELOGIO _SISTEMA
frequencia_de  PSI

entrega _de_ PSI =

5.4.2 Programa

O débito de um programa é constituido pela largura de banda necessaria ao envio de cada
um dos fluxos elementares que o compdem. Para o seu calculo tem que se entrar em linha
de conta com 0s cabecgalhos necessérios a transmissdo da informagéo (overhead).

numero_ ES
debito _ programa = p (debito__ ES, x overhead n)

n=1

O débito dos fluxos elementares (debifo_ES) foi visto no ponto 5.3. O overhead para cada

fluxo elementar deve-se aos cabhegalhos dos pacotes de PES e de transporte.
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Cabecalho de Transporte

O cabecalho de transporte (pdg. 161 a 164) compreende 4 bytes fixos e o campo de
adaptagéo, usado principalmente para o PCR (8 bytes) e para stuffing (de 1 a 184 bytes).

E obrigatério incluir PCR nos TPs, de PID = PCR_PID, que transportam o inicio de um
pacote PES que contenha unidades de acesso.

Um ponto de acesso € indicado por random_access_indicator = 1 e por payload_unit_start =

1. Nesta implementacéo, o primeiro s6 é activado se o segundo também o for.

Pode haver, em TPs intermédios (PID = PCR_PID), PCRs extra para verificar a restricdo da
frequéncia de codificacdo de PCR (ponto 2.7 da norma). A restricdo diz respeito ao fluxo de
transporte completo (com padding, PSI e outros programas), devendo ser, por isso,

verificada na altura da multiplexagem,

O intervalo maximo entre PCRs de 0,1s permite projectar e construir PLLs (Phase Locked

Loops) estaveis. Contudo, em muitas aplicagdes, a PLL permite aumentar este intervalo.

Normalmente, se ndo houver restricdes activas, apenas o TP que transporta o inicio do
pacote PES em causa é que inclui PCR. O ultimo TP com o pacote PES apenas incluira o

stuffing necessario para o ajuste de comprimento.

Conhecido o débito de transporte consegue-se prever quantos TPs é que podem existir entre
05 PCRs de um programa:

0,1 x debito_ TSJ

TP entre PCRs = ]NT(
- - 188

O overhead TP,, € calculado em relagéio ao pacote PES (unidade de transporte de dados):
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capacidade_TP = 188 — cabeg¢alho_fixo — tamanho  PCR

stiffing = capacidade TP — (tamanho_ pacote_ PES % capacidade _ TP)

tamanho _pacote PES]
.+..

TPs_por pacote PES = INT(
- capacidade TP

TPoh = (cabeg alho__fixo + tamanho _ PCR) x TPs_por pacote + stuffing

Se o PID for diferente do PCR_PID, ent8o: famanho_RPCR = 0 bytfes e capacidade_TP = 184
bytes.

Na implementacdo em causa, se PID = PCR_PID, assume-se o pior caso, ou seja, aquele
em que existe PCR em todos os TPs. Esta simplificacdo pode ser facilmente absorvida pelo
debito_extra. Se stuffing for maior ou igual ao tamanho_PCR muliiplicado pelos
TPs_por_pacotes_PES, entédo, para o mesmo tamanho_pacote _PES, o overhead é igual ao
caso anterior. Ou seja: o impacto de se considerar o pior caso nao € muito significativo para
valores de tamanho_pacote_PES normais (na ordem dos 2 Kbyfes). Fazendo os célculos

com este valor, obtém-se um TP,, = 208 bytes por pacote PES.

Cabecalho de pacote PES

O cabegalho compreende 9 bytes fixos e uma quantidade varidvel de bytes, dependendo
das flags activas. Nesta implementagdo consideram-se apenas as etiquetas temporais (5

bytes para cada uma).

Os pytes de stuffing previstos no cabegalho podem ser usados para providenciar um

cabecalho de tamanho constante.

A existéncia do inicio de uma unidade de acesso no pacote implica um PTS. Se for diferente

do DTS, este Ultimo também é incluido.

Poder-se-ia calcular um valor médio do overhead PES,, . No caso de video, utilizar-se-ia o
tamanho médio das imagens {média ponderada dos tamanhos médios de cada tipo de

imagem) e assumir-se-ia que seria necessario PTS e DTS nas imagens | e P.
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Neste caso, como se trata de um valor médio, teriamos que confiar no debito_extra para

absorver os picos de 19 bytes,

Como na implementagio em causa (pag. 173 a 184) é conveniente saber o valor exacto da
capacidade do pacote PES, para acertos e adaptagdes dos pacotes as unidades de acesso,
providencia-se stuffing no cabegalho, de modo a que este tenha um valor fixo (PESe = 19
bytes para video; PES,, = 14 bytes para &udio).

Overhead

A maneira mais simples de se calcular este valor é a seguinte:

capacidade _do_ pacote + cabeg alhos

overhead = .
capacidade_ do__ pacote

De onde facilmente se chega a:

tamanho _pacote PES + TP op

overhead = ;
tamanho _pacote_ PES + PES 5

5.5 Multiplexagem

Depois de calculado o somatério dos débitos dos programas e tabelas PSI, o débito extra
permite obter um débito total de transporte capaz de suportar as restricbes impostas pelo

esquema de multiplexagem.

O controlo sobre o débito extra permite evitar o célculo iterativo entre débito_TS e estratégia
de multiplexagem, definindo logo & partida o valor sobre o qual se véo realizar todos 0s

calculos.

A estratégia de multiplexagem implementada simula os buffers existentes no descodificador

para cada fluxo elementar. No caso de sobrecarga (overflow) s@o gerados TPs nulos. Para
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evitar a subcarga (underflow) é usado um atraso temporal inicial (representativo do tempo
que os dados demoram a chegar e a encher os buffers) e sdo estimados os tempos de
chegada de cada unidade de acesso.

A sobrecarga implica perda de dados, o que poderd ter consequéncias mais ou menos
gravosas. A subcarga implica que o descodificador terd de utilizar técnicas para disfargar a
falta de dados. Para variagbes minimas, dependendo da aplicacdo, o descodificador poder3,
por exemplo, alterar ligeiramente o valor de reldgio. Sera preferivel entdo ser mais rigoroso
com as sobrecargas do que com as subcargas.

O valor do PCR corrente é facilmente calculavel:

bytes _enviados + posicao_do _ PCR
PCR_corrente = — x RELOGIO__SISTEMA
- debito_TS -

Da mesma maneira pode calcular-se o tempo da entrega de uma unidade de acesso:

bytes _enviados + tamanho_TP + bytes_ para_envio_da_ AU
debito TS

PCR_da_proxima_AU =

x RELOGIO _SISTEMA

Neste caso considerou-se que seria enviado um TP diferente e depois, consecutivamente, a
unidade de acesso. E possivel definir outros critérios, dependendo da aplicagéo.

Na multiplexagem usa-se o mesmo relogio (PCR) para todos os programas. Isto néo invalida
a possibilidade de usar bases temporais diferentes, nomeadamente através do atraso

temporal inicial (pag. 138).

O enchimento dos buffers é feito com pacotes de transporte, descontando no comprimento

das unidades de acesso através dos pacotes PES (pég. 183).

S#o feitas as verificagdes relativas ao random_access_indicator, acs PTS e DTS e também

em relacdo a frequéncia de codificagéo dos PCRs.
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O esquema de multiplexagem usado (p&g. 136 a 140) ordena, num vector, os fluxos
elementares em relag@o ao seu débito, transmitindo um pacote se;

¢ existe espago no buffer correspondents;
« o fluxo ndo acabou;

e 0S outros sédo entregues a tempo.

Caso isto ndo acontega para nenhum dos fluxos, verifica-se se:

e existe espacgo no buffer correspondente;
¢ 0 fluxo ndo acabou;

o 0 fluxo poderd chegar atrasado.

Por (itimo, se ndo existir espaco nos buffers, entdo é enviado um pacote nulo.

Anteriormente, verificou-se a necessidade de transmitir PSI, considerando a PAT como

referéncia, fazendo-o somente se nfo houvesse fluxos em via de chegarem atrasados.

As experiéncias realizadas demonstraram que este algoritmo nédo tinha bom desempenho,
tendendo a enviar um fluxo consecutivamente, estabilizando em situagdes em que todos o0s

fluxos chegavam atrasados.

A solugéo deste problema estard no ordenamento dindmico do vector de fluxos elementares,
em fungio do tempo de entrega da unidade de acesso corrente.
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5.6 Cddigo fonte

5.6.1 README

Sk ke ok b ok ke e ok ok ke e ke ok ok e ok ok ek o ok e sk e e ek b ke

README .V25 - 95/06/30 Andre M.C.A. Braganca

D e B R R R A e

MPEG=2 System Transport Stream Multiplexer: IS0/IEC 13818-1 (NO721 - June 94)

epts *)

Arguments: [={switch})...] filename [filename ...} (a¢

switch: L, generates log file with valid commands found in manager tile.
B, displays sinmulated decoder buffers fullness.

Input:

- MUX manager tiles as arguments.

- Blementary streams referenced in manager Lile.
Output:

- Binary MPEGZ Transport Stream file ({input filename}.{mux namel}).
- Optional log file ({input filename}.LOG).

mux v.25 - Andre'Braganca @1995 - INESC/Programa Clencia
send comments to: amb@part.inescn.pt

CHARACTERISTICSE

o The program accepts as inputs binary files holding elementary streams (ES)
and manager files defining the multiplexing strategy and providing BS
(Frogram Specific Infermation) and PES {Packetized Elementary Stream)
information.

Different manager files give origin to different multiplexed bitstreams,
encoded with the Transport Stream syntax specified in ISC 13818-1 (June 1994
versiaon);

o The input elementary bitstream files are identified in the manager file by
the, decimal or hexadecimal, PID and stream id ({PID}.{stream _id});

o This files are previously scaned to gather access units information and to
calculate program rates. TS rvate is found using the program rates, the PSI
frequency and an extra overhead rate.

o Bitstream length fits the sum of the access units length and may be smaller
than file length.

o When an elementary bitstream file ends, the PES_packet _length is adjusted
accordingly. 8o stuffing is made correctly in the adaptation_field.

o Linked lists are used to hold PSI and PES information so that the Transport
Packets (TPEs) can be easily generated according to the multiplexing strategy.

o The multiplexing strategy uses simulated decoder buffers. Overflow is avoided
by sending padding packets. Uses decoding times to try to avoid underflow,

o This program has been implemented in Borland ¢ for DOS. In order to ensure
compatibility with UNIX (gee) and because of the different representation of

pagina 123



Codificador de fluxos binarios de transporte MPEG-2 Sistema

bytes in these two operating saystems, unions with bit fields have been used to
enclose the bytes written to the disk file. Depending on the actual environment
being used, these bit flelds may or not be inverted. Another solution to

ensure portability, would be to use masks and shifts in order to access
individual bits within the bytes. However this solution would make the source
code very hard to read;

MANAGER FILE

o The manager file is an ASCIT file with the same format of the file generated
by the MPEGZ parser (of the same author). Information is gruped under a PID
{Packet Identifier).

o Data ls& provided in lines with the format {(enclosed in ""}:
" cwvariable = Jvaluex",

0 50, the program first searches lines which carrie the PID, "| PID = <value>",
in order to read information regarding the PAT, PMT or esach ES.

o Data lines not starting with 'I|' followed by ' ' are discarded.

o Data lines without 's=' separating <variable- and <value» are discarded.

¢ Data lines with <variable- unknown are discarded.

o]

Data lines for a given <variable may be repsated. Only the last one is used.

o Lines starting with ' ' followed by '-' end a group of information for a
given PID.

o Empty lines ('[' followed by any number of spaces) end a repetitive group of
information.

o Repetitive groups of information are:
- program info in BAT, started by "| program_number = <value>".
- stream info in PMT, started by "| stream_type = <valuex>",

o PID and stream_id values ldentify elementary stream files. Can be decimal or
hexadecimal.

o In the file, PAT should came first ("] PID = 0") and bhe followed by PMT
sections. FOR THE TIME BEING a TP carvies just one section, which fits just
one TP. So there are as much PMT Transport Packets as there are programs.

Example of Manager File (same format as the parser output, irrelevant lines are
digcarded):

| PID = 0x0000 (Program Association Table)

| transport_error_ indicator = 0

| payload unit_start_indicator =1

| transport_priority = 0

| transport_scrambling_control = 0

| adaptation_field control = 1 (payload only)
| continuity counter = 0 {counter of payloads with the same PID)
|PROGRAM ASSBGIATLON SB(:TION***w*-k-&*‘*“k'&-*a\-**'l-*-ki-

| pointer field = 0 hytes

| table id = 0O

| section_syntax"indicator =1
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program_map PID = 0x0100

CRC 3% = 1.02515e+09

| section_length = 1.3

| transport_stream id = 04¢
| version number = Q

| current next indicator =1
| section number = 0

| last_section number = 0

|

| program number = 1

|

!

|

|

|

(OXFF) detected

PID = 0x0100

tranaport error indicator = 0

payload unit _start indicator = 1

transport priority = 0

transport_scrambling control = 0

adaptation_ fleld_ control 1 {payload only)

continuity counter = O {counter of payloads with the same PID)}

PROGRAM MAP SECT TON & kbbb b ek e e ok e ook o ke ke ke o oo ok ok ok
pointer field = 0 bytes

taple id =z
section_syntax_indicator = 1

ction_length = 23
sgram_number = 1

version _numbey = 0
current _next_indicator = 1
section_number =

= 1}

PCR_PID = 0x0901
program_info length = 0O

stream type = 2 ~. ITU-T Rec.HZ62 | ISO/IEC 13818-2 Video
elementary_PID = 0Ox0901
ES_info_length = 0

gtream _type = 3 - ISQ/IEC 11172 Audio
elementary PID = 0x090Z
ES info_length = 0

i

I

I

I

I

I

I

|

I

|

i

|

|

!

|

|

| last_section number
!

!

|

|

!

!

!

!

!

I

I

| CRC_32 = 1.12372e+08
|
I

157 bytes left - 157 stuffing _bytes (0xFF) detected

PID = 0x0901

transport_error indicator = 0

payload_unit_start indicator =1

transport _priority

transport scrambling control 0

adaptatioﬁ fieldﬂcon?tol = 3 {adaptation_field followed by payload)

continuityicounte[ = ( {counter of payloads with the same PID)
ADAFTATION FTELDY % e bbb e ke de koo oboboke o e b ok ke ok

i
o

adaptation_field length = 7
descontinuity indicator = 0
random_acce indicator = 1
ES priority indicator =0
PCR_flag 1
=0
splicing point_flag = 0
transpor€ private data_flag =0
adaptatioﬁhfieldwextensionmflag = {
PCR hase = 0
PCR:extension = 0 {(PCR = 0 s8)

0 bytes left - 0 stuffing bytes (OxFF) detected
PES P]\(:‘KET&- gk bk ok b ke b ke ok ke R ok -l‘—';* B T T O O O R o S L
stream_id = OxE0 -» Video stream - number 0

|

|

|

|

[

|

|

!

|

|

|

|

|

| OPCR_flag
I

|

|

|

|

|

|

|

|

|

| PESwpacket_lenqth = 6033 bytes
|
|

PES_scrambling_control =0
PES_prioxity =0
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FES header data_length = 10

PTS = 14256 (0.159511 &)
DTS = 4096 (0.0455111 3)

| data_alignment_indicator = 1
| copyright =0
| original_or_copy = 0 {copy)
| PTS_DTS flags =3
| ESCR_flag =0
| E5_rate_flag =0
| DSM_trick mode_flag =0
| additional copy_info_flag = 0
| PES_CRC flag =0
| PES_ extension_flag = 0
I

|

|

f

I

(157 data_bytes)

| PID = 0x090L1
| transport_error_indicator = 0

| payload_unit_start_indicator =
| transport_priority

| transport_scrambling control =
|

f

|

|

"

adaptation field control =
continuity counter = 1 {counter
PES PACKET+ ke ke ke ke ke s ke e ok ke e R e e W R

(184 data hytes)

PID = 0Ox0902

PTS = 14356 (0.159511 =)
(170 data_bytes)

|

| transport_error_indicator = 0

| payload_unit_start_indicator =1

| transport_priority = 0

| transport_scrambling control =0

| adaptation_field control = 1 (payload only)
| continuity counter = 0 {(counter of payloads with the same PID)
' PE S gl]\(:‘KET B I O O O O e b S e Rk 2 A I Tk S AR O R o
| stream id = OxC0  ~» Audio stream - number 0O
| PES packet_ length = 6018 bytes

| PES_scrambling control =0

[ PES pricrity =0

| data_alignment_indicatoer =1

| copyright =1

| aoriginal oy copy = 0 (copy)

| PTS _DTS_flags = 2

| ESCR_flag = 0

| BS_rate_flag =0

| DSM_trick_mode_flaqg =0

| additional copy info_£lag = 0O

| PES_CRC flag =0

| PES_extension_ flag = 0

| PES_header_data_length = 5

[

! PTS: invalid inicial marker

|

|

0
0
O
1

of payloads with the same PID)

(paylvad only}

Wk ok kg kR K Rk ok R R

Data read by the multiplexer (for the moment):

[ PID = 0x0000

| transport priority = 0

| transport_scrambling control
| transport_stream_id = 2048
|

[

!

h

program_number = 1
program_map_ PID = 0x0100

| PID = 0x0100

| transport priority = 0
|

|

it

transport scrambling_ control
FCR_PID = 0x0901
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stream_type = 2
elementary PID = 0x0801

stream_type = 3
elementary PID = 0Ox0Q90:z

PID = 0x0901

stream_id = O0xEQ

PES packet_length = 603
$ crambling control

S_priority = 0

copyright = 0

original_or_copy = 0

PID = 0x0901

PID = 0x090x
fd =
ket _length = 601

S_priority = 0
copyright = 0
original_or_copy = 0

3

2}

o

rambling control = 0
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5.6.2 Listagem

fdefine DO3 /* Delete this L1f compiled in UNIX */

stem bitstreams Multiplexer: ISO/IEC 13818-1 (NO721 -~ June 94)

version 25 - Andre' Braganca @ 09/07/95 - INESC/Programa Clencia

author: Andre' Braganca

mail: Grupo CDAV
INESC - Instituto de Engenharia de Sistemas e Computadores

Largo Mompillher 22
Apartado 4433
4007 PORTO CODEX

PORTUGAL
phone: 0z 2087830
fax: 0Z 2087829

emall: amblnewton.inesan.pt
amb@bhart. ine

sl pt

B L R Uk L o I o e R R R I T A S S R R

The program accepts as inputs binary disk files holding elementary streams and
a management file in order to produce a multiplexed bitstream encoded
according to the Transport Stream syntax specified in IS0 13818-1 (version of
June 1994).

MPEGZ PARSER DEVELOPMENT:

20. - It is based on 17.¢, the first public developnent of the MPEGZ parser,
and its data structure, which closely follows the standard.

This prototype generates consecutive TPs with video PE5S. The flags and
variable values (e.g. PCR) are defined in the code.

21.C - Insertion of a BAT and a EMT packet before the other TPs: inciplent TPs
manager.
Made the distinction hetween program and PSI TPs.

22.0 - Data structures with the necessary PES and PSI information for the
multiplexing control. Reads the MANAGER file to initialize this info. This
file has a format similar to the parser output.

Translation of source code from Portuguese to English.

PES packet length is adusted to the real ES length, so that last packet
stuffing is correct,

23.C - Cleaned up File Size() function and other details.
Improved the MANAGER file interpretation robustness.

24.0 - Parses video and audio streams for information and access units (au).

Changed masks from decimal to hexadecimal.

Modified data structure in order to multiplex more than one program. Assumed
that sections of P3I tables fit into one TP and that one TP carries just one
section (for PMT this means that there's a TP for each program description).

Deleted Autorial().

Calculates TS5_rate.

25.C - Multiplexing scheme: uses decoder buffer simulation to f£ind when to
transmit a TP. PST information ie inserted only if the ES aren't behind
schedule.

Implemented Warn({) function so that multiplex restrictions violations can be
reglstered.

Time stamping.

Buffer management.

Numhered the access units.

TO DO:
Descriptors.
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e e R R R L R R R R

#include "stdio.h"
#include "stdlib.h"
finclude "string.h"
flinclude "ctype.h®
finclude "math.h"

#ifdef DOS

#include -ddiv.h-

#include -dos.h

fdefine MAX _FILES 9 /* manager files */
flendif

/o 7/ Compilation problem in UNIX ///7/7/7 */

#ifndef SEEK SET
fdefine SEEK 3BT 0

flendif

fifndef 3EEK CUR
fdefine SEEK CUR 1

fendif B

fifndef SEEK END
fdefine SEEK_END 2

fendif

/) Detines /1471011000071 170007F 2/

fdefine MAX PMT_SECTIONS 5

fidefine MAX ES 20

#define TP_HEADER 4

fdefine ADAF FIELD W _FCR 8

#define PES_OH_VIDEQ 19 /* Worst case of overhead in video PES packets */
#define PES_OH_AUDIO 14 /% Worst case of overhead in audio PES packets */
#define PCR_OFFSET 11 /* Byte w/last bit of PCR_base */

ffdefine SYSTEM_CLK  27000000.0 /* Hz */
ffdefine BASE_(CLK 90000.0 /* System Clock / 300 */

#define SEQUENCE HEADER 0xB3

fdefine GROUE_START 0xB8B
fdefine PICTURE START 0x00
fdefine SEQUENCE_END OxB7

#define AUDIO _SYNUWORD  OxFFE

/* /) Type definitions /7717177717777 7 >/

typedef enum { NO, YES ) boolean;

typedef struct PAT program *PAT_program ptr;
typedef struct PMT_stream YPMT_stream ptr;
typedef struct EMT_section *PMT_section_ptr;
typedef struct buffer_queue *buffer ptr;

/* /71 Global variables ////////7117777/F */

char no_extenﬁion[BO];/*Defined in NameQut (). Used in RemoveStream(),
Extracts({).*/

boolean logfile, /* Creation of a log file with errors during multiplexing.
See FindSwitch(), Main(}, Warn({). */
buffer status; /* Indication of simulated decoder buffer fullness.
- See FindSwitch(), Main(), clean_buffers(). */

unsigned long n_TPs; /* TP counter. Initialized in TRANSFORT STREAM({}.*/

struct
{
/* TP info. */
char transport_priority;
char transport scrambling_control;
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}

char reserved;

/* PAT info. */

int  transport_stream_id;

PAT program pty program;/* Pointer to program info.*/
/* Extra info. about the Transport Stream */

int n_progs; /* Number of programs.*/

int  n_streams;/* Total number of elementary streams.*/
unsigned long TS_rate;

PAT:

struct PAT program

{

1:

int  number;

char reserved;

int PID;

PAT program_pty next;

struct PMT_section

{

}

/* TP info. %/

char transport_priority;

char transport_scrambling control;
char reserved;

/% Program info. */

int  PID;

int  program_number;

int  PCR_PID;

doulle last PCR; /* used to check PCR freguency */

double startup delay;/* Added to PT3 and DTS (to avoid buffer underflow) */

PMT_stream_ptr stream;/* Pointer to ES infa.*/
/* Bxtra info. about the program */
int n_streams;

unsigned long prog_rate;

PMT [MAX EPMT SECTIONS);

struet access unit

{

)i

long number

long length;

unsigned int picture_coding_type; /* Not used for audio
double DTS; /¥ For audio, DTS = PT3 */

double PTS;

struct PMT_stream

{

PMT stream ptr next;
PMT_section_ptr EMT;

/* PMT info. */

int  type;

char reserved;

int elementary PID;

/* TP info. */
char continuity counter;

/% BES info. %/

int id;

int PES_packet length;

char PES_scrambling control;
char PES_priority;

char copyright;

char original_or_copy;

/% Extra info. about the stream */

*/
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int  PES_bytes left; /* Used for comparisons with PES packet length */

FILE *file; /* Pointer to bitstream file. Tf NULL file hasn't been found.*/
long size; /* File size,*/

long offset;/* Stream size.*/

int PES payload;

int TP _payload;

unsigned long rate;

/* Simulation of decoder huffer, used in the multiplexing scheme */
buffer ptr buffer;

long buffer size;

long buffer space;

/* Video or audio Access Units information.*/
FILE “info_ file;
struct access unit auw;
long au_bytes left;
boolean au_start,
au_on_time,
underflow;

bi

struct puffer queue

{
long numper;
unsigned int size;
long au_length;
double DT3;

buffer_ptr next;

i
EMT _stream_ptr ES{MAX_ES]; /* Sorted vector, used in the multiplexing scheme.*/

/* /// Data structures for ES info. //// */

/¥ Videco */
static double picture rates [9] = { 0., 24000./1001., 24., 25., 30000./1001.,
30., 50., 60000./1001., 60. };

static double ratio [16] = { 0., 1., ©.6735, 0.7031, 0.7615, 0.8055,
0.8437, 0.8935, 0.9157, 0.9815, 1.0285, 1.0695, 1.0950, 1.1575,
1.2015, 0.};

/* Audio */

static unsigned int bitrate_ index [3]{16] =
{{0,32,64,96,128,160,192,224,256,288,320,352,384,416,448,0},
{G,32,48,56,64,80,96,112,128,160,192,224,256,320,384,0},
{0,32,40,48,56,64,80,96,112,128,160,192,224,256,320,0}1};

static double frequency (4] = {44.1, 48, 32, O};
static unsigned int slovs {4} = (12, 144, O, 0}
static unsigned int samples [41 = {384, 1152, O, 0};

static char mode [4][15B] =
{ "stereo", "joint stereo", "dual channel", "single channel" };
static char copyright [2][20] =
{ "no copyright","copyright protected" };
static char original [2](10] =
{ "copy","original" }:
static char emphasis [4][20] =
{ "none", "50/15 microseconds", "reserved", "CCITT J.17" )

/% /// Function prototypes /////71/7171177 %/

void Program Use (void):

void Expands_meta_ch {int *, char ***};

char *Obhtains path {char *};

void NameOut (char *, char *, char *):
void Findswitch (int *, char ***);

void Warn (char *);

void TRANSPORT _STREAM (FILE *, FILE *};

void Defaults {void);

void Read_manager (FILE *);
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int Find_pID
PAT_program ptr Look up PAT
void Reads_PAT
veid Reads PMT

PMT_stream_ptr Look up EMT

void Reads ES

long File size

void Get_video info

vold Get__audio_info

vold STARTCODE prefix

void Create ES pulnters

int Compare_EE

void TP_PAT

void TP_PMT section

void TE_PES

void TS_ADAPTATION_FIELD
boolean, double);

void TS _PROGRAM_ASSOCIATION SECTION
void TS_PROGRAM_MAP_SECTION
void PES_ PACKET

double, double);

void TP_NULL

void buffer

void clean buffers

void butfer fullness

{(FILE *, int *);

{int);

(FILE *, int *);

(int, FILE *, int *);

(int);

(EMT_stream_ptr, FILE *, int *);
(FILE *);

(PMT_stream ptr, double *);

{(PMT_stream ptr,
(FILE *);

double);

{void):

(const veid *, const vold¥*);
(FILE *);

(int, FILE *});

(BMT _stream ptr, FILE *, double)

*, FILE *, int,

(PMT_stream ptr, int , int
(int *, PILE *);
(int, int *, FILE *);
(PMT _stream ptr, int *, FILE *, boolean,

(FILE *);
(PMT_stream ptr,
{double) ;
(PMT_stream_ptr);

Long);

IY LTSI 777 Pir 7l iiiir/s x/

volid
Program Use()

/ E O i b T O e e i O R i S S T S O T

IS0 13818-1 streams multiplexer.

kb ok dbdkk kbbb kR ik ok bk Rk kv Rk ko kb k ek k

{

fprintf(stdery, "=r-—----smm e
Transport MUltipleXer:

fprintf{stderr, "MPEG-2
24)\n\n");

fprintf(stderr, "Arguments:

fprintf(stderys,”
processing\n");

fprintf{stderr, "

fprintf{stderr, "\nlnputs:

fprintf{stderr, "\nOutputs:\n");

fprintf{stdery,™ - Binary MPEGZ

name}) . \n");

System

[={gwitch}...|
switch: L, generates a log file with warnings/errors found during

Transport

ISO/IEC 13818-1 (NO721 - June

filename [filename {accepts *j\n");

el

B, displays simulated deccder buffers fullness\n"};
mux manager files\n"};

Stream filte ({input filename).{mux

fprint€(stderr, " - Optional log file ({input filename).LOG).\n");

fprintf{stderr, " ——mmmm—mmmm -

fprintf{stders, "mux v.25 - Andre'Braganca @1995 - INESC/Programa Cliencia\n");

fprintf{stders, "send comments to:

exit (0},

Fifdef DOS

void

amb@bart. inescn.pt\n"};

Expands_meta_ch(int *arge, char trargvil])

/-A“A“k“k*‘%”l‘

do b e ok ke o o ok e ok o e ook ek ek e ok ke ke bk

Expands the metacharacters in the arquments specified in the command line

{e.g. "*.mpg"). In case of UNIX this

is made at

shell level.

Routine adapted from "InfoMPEG 81993 Dennis Lee".

de ke e s e e ok e e ok ke ok ke ke ke ke ek kR kR Rk bk ek

{
boolean exists _file, expands;
struct f£fblk file info;
char file name[80], path[80];
register int i, J, new_arge=0;
char *‘argv_buffer =

for(i=0; 1 Yarge; it++)

{

expands =

(Char **)malloc (MAX_FILES * sizeof(char *));

NO; /* There's no wildecard '*! until you find one */
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for(j = strlen((*avgv)(il)-1; § .= 0; 4--)
{
LE0 (fargv) [1][J) == '+ )
{
expands = YES;

break;
1

i

1f{expands)

repy(file _name, (Yargv)[i]);
stropy(path, Obtains_path((*argv){i]));

exists file = !findfirst(file name, &file info, FA_RDONLY);
while (existes_file) - -

{

argv_hbuffer{new arge]l = {char *Imalloc{B80 * sizeof (char));
strepylargv _buffer(new_argel, path);
tlargv_buffernew_avge++|, file infu.ff name);

_tile = Ifindnext(&file_info);
}
}
elge
{
argv_buffer{new_argc] = (char *)malloc(80 * sizeof{char));
strepylargy_buffer[new_arget+], (*argv) [i]}:
}
}
rarge = new_argca;
*argv = arqgv buffer;
}
char *

Obtains parth (char *name)
/‘l“i“k*l‘*l",P‘l“k‘k*'k‘l“l'*'k-k-.l"x'*'l"k*'&‘i‘*'(‘******+*w***

Eliminates the file name, leaving its path only.
Routine adapted from "InfoMPEG @1993 Dennis Lee™.

R R R R R

{

register int i;

for(i=strlen(name)-1; name[i]!='\\"' && name[i]!='/"' && name{i}!=":"; i--)
nameli] = 0;

raeturn name;

}

flendif

void
NameoOut (char *output, ohar *input, char *executable name)
ek ke ek ke ke ke ek ek ek e ek sk ok ek
Obtains the output filename by adding/modifying an extengion to the input.
The extension is made from the first 3 (or less) letters of the program name
without the path.
e e e kel ke ke s b R Sk ke ke ke ke ke el s ke ke sk e b e e e e ke sk R /
{
register int i, j;
char extenaionig0];
/*char no_extension{80]; GLOBAL VAR, !*/

strepylextension, executable name);

for{i = strlen({extension) - 1;
10=0 && extension[i]!='\\' && extenaion(i}!='/"' && extension(i]!="':";
i--)

extension[4] = '"\0';

extension(0]
for(j=1l; j<d: J++)
{
extension{i] = executable_name(1+]]:
if(extension[jl=="'.,")
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extension{j)="\0";
break;

strepy{output, input);

for{i=strlen{output)y-1; L»=0; i--)

{
if(output (i]=="'.")
{
output [1]="\0";
break;
}
t

/*Global variable initialization.*/
strepy (no_extension, output);

streat (output, extension);

}

void

FindSwitch{int *arge, char **argv(})
/K ek ke e e e e ek e e e b

Finds (and removes), in the command line arguments, instructions to define the
program behaviour.
ek ke ke ok ok ek sk ke b ok ke ok ok s e bk e ke s ke s ke bk e ke
|
register Int i,
new_arge=0;
char *¥argv_buffer = (chat t*+*)Imalloc({*arge * sizeof(char *));

/* Switches initialization (defaults) *+/
logfile = NO;
buffer_ status = NO;

/* Search */
for(i=0; 1 « *argc; i++)

{
if{ {*argv) [1][0] == '=') /* switch indicator */
{
switch{ toupper!{ {Yaugv)[1i]1(1] } }
{
case 'L': /* Creates log file (errors and statistics) */
logfile = YES;
break;
case 'B': /* Displays simulated decoder buffers fullness */
buffer status = YES;
break;
default : fprintf{stderr,"\nInvalid switch 1");
Program Usel{);
break;
}
}
else
{
argv_buffer[new argel = (char *)malloc(B0 * sizeof (chary));
strcﬁy(a[qv_buffer[newﬁargc++], (*argv){il);
}
}
*arge = new_arge;
*argv = argv_huffer;
}
void
Warn {char *atr)
/’k*%‘i,“ki'*-&*vi“lr'kﬂr‘k’k"k‘&'A‘-A--l--k‘-k*-A-~A<**4’****'!‘*»A-~A'*'A'

Prints a warning to stderr and in a log file.
'k"k*‘*wwu\-*-k*‘k***'i"A‘-A“l:-l»*ki--A“k-k*-L-****'l«**:{—»k**'k/

{

/* boolean log;
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unsigned long n_TPs;

char no_extension{#80]; GLOBAL VAR, !*/
char errorstr(80), s(80};
FILE *file;

Lf( logfile )

{
sprintf{s,"%s.L0G", no_extension);
if((file=fopen(s,"at"})) == NULL)
{
sprintf{evrorsty, "\nat - can't open %3 {(log file)",s):;
perror{error !
return;
}
sprintf (s, "sld\e!t ds\n", n TPs + 1, str);
fprintf(file, 5);
folose(file) s
}

fprintf(stdery, "\nt ");
fprintf(stders, str);
fprintf{stdery, "\n"};

main{int argc, char *argv(]}

/ P R U U O 2 AR I S S S S S TR R R R R

Multiplexes the binary input files according to IS0 13818-1.

This fil are specified in a manager file which controls the multiplexing
scheme.,

The manager file is given in the command line. Multiple files may be used to

generate more than one multiplexed bitstream.
B e e e R o R e e R O S R R

/¥ boolean Log;
char no_extension{80]; GLOBAL VAR, 1%/
FILE *manager, *out:
char str[BO], &l8BO);
int file;

FindSwitch(&avrge, &argv); /* Initializes global variables according to the
command line.*/

fifdef DOS
Expands_meta_chi&avrge, &argv)i
feandif

iflarge <0 2) Program Use();

for(file=1l; file < arge; file++)
{
LE((manager=Ffopen (argv(filel,"rt")} == NULL)
{
sprintfi{str,"\nrt - can't open manager file %g"
perror{str};
continue;

, argvifilell;

}

NameOut (str, argv{filel, argv[0});
if((out=Ffopen{strc,"wh")) == NULL)
!

{

sprintf{s,"\nwh -~ can't open mux file %s", str):
perrvor(s);

fologse (manager);

continue;

b

/*Buffers, using an indirect call to malloe, for the input and output
streams in order to minimize disk access.*/

if (setvbuf (manager, NULL, _IOFBF, 15360) 1= 0]
fprintf (stderr,"\n(failed to set up huffer for input f£ile)"}:

if (setvbuf(out, NULL, IOFBF, 15360) 1= ()
fp[intf(stderr,"\n(fazled to set up huffer for output file)");
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Torint f(stdout, "\n*** Using [%s] to generate multiplex file [$s]
*y*AN" argv(file],str):

if{ logfile ) /* file with multiplexing statistics and errors */

{
sprintf (s, "%s.LOG", no_extension);
if({remove(s)) N
{
sprintf{str," (can't remove %s {log file))", s);
perroc{stu);
b
}

TRANSPORT_STREAM (manager, out);

folose (manager)
folose (out);

}

return 0;
}
void

TRANSPORT _STREAM (FILE *manager, FILE *out)

[ ek ek ke e ke ek ke ek ek ke e e e e ek

Multiplexing mahagement.
ke e e e e ok e ke ke R ke ke ke ke ke e e ke ke ke b ke ko ke ek ke ek R kR ek

{

/% unsigned long n_TPs; struct PMT; GLOBAL VAR. v/
PMT_stream ptyr stream, ptr;
double min:videowP‘S,
current PCR,
au_delivery,
next P31 delivery;
unsigned loﬁq freq PSI,
P31 _rate,
axtra vate;
register int i, J; -
int a,
P
TP payload,
TP per PES packet,
adap_field_stuffing,
TF_oh,
'31_flag;
float overhead;
unsigned int PES au_bytes,
au_bytes;
boolean done,
other au_on_time;
char str[BO);

/* Initializations */
Defaults();
Read_manaqer(manager);

/* For each program, scans video and audio streams for access units and
'struct PMT_stream' information. First video, in order to find the
smallest video PTS, which is added to all audio PTS. This way, decoded
audio isn't presented before video. This streams, for testing purposes
are IS011172 compliant.

This is not standard procedure and can be modified. */
for{i = 0; i = PAT.n_progs; 1++}

{

printf("\n*** Program %d ***\n", i+1l);

gtream = PMT[i].stream;
while{stream != NULL)
{
1f(streamn—rinfo_file != NULL) /+Is video or audia {defined in manager file)*/
{
if (stream->id »= OxEQ && stream->id <= O%xEF) /* video */

{
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Get_video info(stream, &min video PTS);

/* Contribution to program rate */

a = stream--PES_packet length;
if(strean-relementary PID == PMT{i].RECR PID)
p = ADAP_FIELD W _PCR; -
else
po= 03

TP payload = 188 - TP_HEADER - p;

TP _per PES_packet = (int)cell((doubleja / (double)TP payload);

adap_field stuffing = TP _paylead - (a % TP_payload);

stream-.-
stream-="

= TEF_payload;
= & - PES_OH_VIDEO;

TF_oh = (TP_HEADER + p)*TP _per PE5 packet + adap_field_stuffing;

osverhead = (float){a + TP_oh) / (float)(a - PES_OH VIDEOQ);

PMT{1] .prog_rate += stream-»rate * overhead;

}
}
alge /* Other types of data */
{

fprintf(stderr, "\nError scaning bitstream (PID = %d; stream id = %d).\n",

stream-elementary PID, stream--id);

Eprintf(stdery,"- Four the moment, only video and audio is supported !\n");
fprinct (stdery,”™- Bdit manager file and delete related info.");

exit{l);

}
stream = stream--next;
}
stream = PMT[i].stream;
while{stream != NULL}
{
L stream--info file != NULL /* Is video or audio */
& stream-»id ~= 0xXCO && stream-->id <= OxDF} /* audio */
{
Get audio_info(stream, min_video PTS);
/Y Contribution to program rate */
a = stream->PES packet length:
if{stream-relementary PID == PMT(i].PCR_PID)
ADAP FIELD W_POR;
g 03
TP _payload = 188 - TP_HEADER - p;
TP_per PE3 _packet = (int)cell(({double)a / {double)TP payload);
adap_fleld stuffing = TE_payload -~ (a % TF_payload):
gtream--»TP payload = TP payload;
stream--PES payload = a - PES OH_AUDIO;
TP _oh = (TP _HEADER + p)*TF_per PES_packet + adap_field stuffing;
overhead = (float){a + TP oh) / (float)(a - FES_OH_AUDIO);
EMT 1] .prog_rate += arream-rrate * overhead;
}
stream = gtream--next;
)

/% Contribution to TS rate */
PAT.TS rate += PMT[i].prog_rate;

/% Startup delay (added to PTS and DTS)*/

printf{"\n Startup delay added to PTS and DTS (90 khz cycles):

scant ("%lg", &(EMT(i].atartup_delay});

/¥ TS rate */

printf("\n\n*** Tg ***\n\n Frequency of ESI (l/sec): "};
scanf("sU", s&freg P5I); -

PSI_rate = (1 + PAT.n progs)* 188 * freq_ PSI;

")
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printt (" PSI rate = %lu bytes/s (1 TP w/PAT and 1 TP for each PMT section)",
PSI_rate);

PAT.TS rate += PSI_rate;
printf("\m\n Computed TS _rate = 3lu bytes/s", PAT.TS rate);

printi{"\mn Specify an tra rate for NULL TPs, GA, FREC, ... (bytes/s):")
soanf (", Lextra_rate):

PAT.TS rate += &
pLinT FL{"\m Tar
gaant {("%vo');
seanf ("ot ;

<tra ranve;

get TS5 _rate = $lu bytes/s\n\n *** Any Key ***\n", PAT.T3 rate);

/* Vector w/ sorted stream pointers. Highest rate first. Sets PAT.n streams */
Create RS pointersi{); B

/* Multiplexing scheme */

TP Pl

n_

prjntf("TS“p&ckeTS:\nl\f\a"),

next PSI delivery = S3YSTEM _CLK / freq PSI;

/v This schems sends one program definition per TE. ¥/
for(l = &; 1 < PAT.n_progs; i++]

¢

TE PMT asection{i, wut);
[a ! ;
printf ("$ld\t", n TPks);

i
PSl_flag = 0;

/* Reads in fivst access unit information */
done = YES;
for{i=0; i - PAT.n_streams; 1++)
1

fread (& {B3(1]-au), sizeof(struct access |
ES{Li]=rau.PTs += ES|i]~ FMT artup delay:
E3(L] - au. DTS += ES3[L)--PMT-vstartup delay;
i]—-qu byt left = ES[il-~au.length;
L= -au_st = YE3;

Lf(f”[l}— Uffu(t) done = NO;

1, ESf{il->info_file);

/% Multiplexing Schewe */
while(cdone == NO)
{

/% One may use the same clock for all programs */

current PCR = (188*n_Tks + PCR_ OFFSET} * SYSTEM CLK / PAT.TS rate;
/% used for comparison with npxt PSI_delivery and in TF_ PES() */

clean buffers(current PCR); /* If DTS « PCR (already decoded) */

other au_on_time = YES;
for(i=0; i < PAT.n_streams; i++)
{
if(RE(i)-roffset == 0)
{
sai)-rau_on_time = YES;

continue;

}

/* Minimum bytes necessary to transmit the au (or what's left). */

PES au byftes = floor({BS]il-rau_bytes_left / ES[1]~-»PES_payload)
- * E [lJ—’PEu deKP' lenqth
+ 3[i]-rau_bytes left % ES{i]-»PES_payload)
+ (Eﬁ[ }-»PES_packet_length - ES[i]->PES_payload);

au bytes = floor{PES_au bytes / BS[L1])->TP | payload} * 188
+ (PES_au_bytes % ES[1]->TP_| payload)
+ (188 - ES[1]-»TP_ payload):

pagina 138



Codificador de fluxos binarios de transporte MPEG-2 Sistema

/¥ Checks 1f this au CAN be delivered on time, even with a different TP
in between. */

aw_delivery = (188*n_Tks + 188 + au_bytes) * BASE CLK / PAT.TS rate;

iffau_delivery -= ES[{i)-+~au.DT5 || ES|i]|-roffset == 0)
ES(L)-rau_on_time = YES3;

elge
ES[L)=rau_on_time = NO;
dther au_on_time = NO;
'

/% PSL multiplex (PAT followed by PMT) */
LE(PRI_Elag == 0 && next PST_delivery -= current PCR) ST _flag = 13
if{other_au_on_time && PST flag) /*Timely PST insertion depends on ES.Y/
i

PEAPSL_flag == 1} /% LAT v/

TP _PAT(out);

n_Tbat++;
printf("sld\e", n_Tbs);
[SRa? - Llagtet;

next PRI _delivery += BYSTEM_CLK / freq PSI;

1f{next P3T_delivery - = current PCR)

{
j = 05
while(next PRI _delivery -= current PCR)
{

next PST _delivery += SYSTEM CLK / freg P5I;
i+t
}
aprinci{sty, "Migsed %d PSI dellverie{s)"™, 1);
Warni{str);

}
wlge
{
" osectlon (P8I _flag - 2, out);
pzintf(”hld\t”, n_TEs);
PEL_flag++;
if(PsL flag == PAT.n_progs + 2)  PSI_flag = O;
}

dane = YES;

}

/% Hormal multiples v/
for(i=0; 1 - PAT.n_streams; i++)

{
Lf (dane == YES3) break;
if(E8[i}-roffset == 0) continue;
other au_on_time = YES;

for(j = 0; J - PAT.n_streams; j++)

LE(3 == 1) continue;
LE(ES[j]=au_on_time == NQ)
{
other au_on_time = NOG;
break;
)

if{ ES{1]- buffer space == 184 /* E3[1]--TP payload, max. value */
&6 -
other au_on_time == YES )
{
TP FES(ES[i], out, current_PCR);
n TPat+;
print£("sld\t"™, n_Tks);
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done =

YES;
|

/* Multiplex w/timing violation */
/*Could be for(i = PAT.n_streams - 1; i
for(i=0; i FAT.n_streams; 1++)
i

if (done

== YE&) breaks

160 ES[L]~buffer space =

&&
Esli]-offset
&&
ESli)-vau_on time == NO )
{
1E(BS[i] ~~underflow == NO)
{
sprintf(sty, "PID = 0x%04X,

time)",

ES[l)-relementary_PID, ES[i]-:id, ES[i]l-*au.number});

Warn{stuv);

}

TP PES{ES|L],
n_Trst+;
printf{"sld\t", n Tks);
YES;

out, current POR}Y;

dorne =

}

/* Padding multiplex */
L (done == NO)
{
Warn{"Padding");
TE_MULL(out);

n TEa++;
PrAnTE("ELANTY, 5 TEs);
done = YES;
t
for{il=0; i PAT. 1 streams; 14+)
{
PE(ES[ij=roffset)
{
done = NO;
break;
}
}
)
printf(™\va");
}
vold
Defaults ()
/ R B O T e N e O e S S 8 U S M S o b S e U O o
B T S o L T T 2 2 = Y U e o I O o /
{
register int i;
PAT.transport priority = 0;
PAT.ttdnSprf‘SCIHmbling‘COht[Ol = 0;
PAT. reserved = Q;
PAT.transport_stream_id = 0;
PAT .proglram = NULL;
PAT .0 progs = 0;
PAT.n streams = 0;
PAT.TS rate = 0;
for {i=0; 1 < MAX PMT_S3ECTIONS; 1++)
{
PMT[i].trangport_priority = 0;
PMT[iJ.transporf_scrambling_control = 0}
PMT[i].reserved = (3

/%  PMT[1].PID

= ();

stream id =

10;

i--)

L84 /* ES[1]-»TP_payload, max- value */

0x%02X: AU %ld may be late

see Read_manager() */

Lowest rate first.

y

(delivery
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/% PMT[i].program_number = 1; gee Read manager() */
PMT[1].PCR_PID = Ox1FFF; B
PMT([1].last_PCR BYSTEM_CLK; /* High value */

it

PMT{i].startup delay = (;
PMT[i].stream = NULL;
PMT[i].n_streams = 0;
PMT[1].prog_rate = 0;
}
'
void
Read manager (FILE *manager)
e ke kb b s e ke kb s e ek sk ek
Reads a file with P31 definition and TPs management info.
ke ok ek sk kb e S ek ok ke skl e kb e b ek e/
{
/* struct PAT; GLOBAL VAR. */
int linesg = 0, /* lines read */
PID;

PAT_ program ptr program;
PMT_stream_ptr stream;
reglister int i;

PID = Find_PID(manager., &lines);

f{PID == 0) Reads PAT{manager, &lines);
ise

— D b

fprintf{stderr,"\nError in manager file, line %d.\n", lines);
fprintf(stderr,"- PAT info not at begining !'\n");
fprintf(stderr, " Edit file and put info related to PID = 0 first."};
exit{l);

}

/% EMT */
for{i = 0; 1 ~ PAT.n_progs; i++)
{
PID = Find PID(manager, &lines);
LE(PID « 0)
|
fprintflastderc, "\nError in manager file, line 5d.\n", lines}:
fprintf(stderr,"- PMT sgection %d not defined (%d programs)!\n", i+l,
PAT.n_progs);
fprintf(stderr,”~ Bdit file and insert PMT related info.");
exit (1)
}

/* Because it's more simple and it's decided that a TP carries just one
program definition, one assumes, for the time being, that PMT section
PIDs are all diferent. */

program = Look up PAT(PID);

if(program != NULL && program--number == 0)

{
fprintf(stderr, "\nError in manager file, line %d.\n", lines);
fprintf (stderr,"- Network Information Table not supported !\n");
fprintf(stderr, " Edit file and delete related info (program number = 0).");
exit{1);

}

PMT[1] .FID = PID;
PMT|i].program_number = program-snumber; /* See Reads PMT() */

if(program != NULL) Reads_PMT (i, manager, &lines);

else

( .
fprintf{atderr, "\nkrror in manager file, kine %d.\n", lines);
fprintf({stderr, "~ EMT section %d not after PAT (PID not found in PAT) I\n", i+1);
fprintf(stderrc, "> Edit file and put info related to PMT after PAT info.");
exit(1);

)

}

while (! feof (manager))

{

PID = Find_PID(manager, &lines);

pagina 141



Codificador de fluxos binérios de transporte MPEG-2 Sistema

if(PID <« 0) break;
stream = Look up PMT{FID);

if(stream != NULL) Reads ES{stream, manager, &lines);

else

{
fprintf(stdevy, "\nWarning in manager file, line %d.\n", lines):
fprintf(stderr,”- PID O0x%04X {%d) not found in PMT !\n", PID, PID};
fprintf(stderr," Edit file and delete related info. in order to suppress this

warning.\n");
}
}

/*Verify if all bitstream files are open.*/
for{i = 0; 1 « PAT.n_progs; i4+4)

{
stream = EMT[i].stream;
while(stream I= NULL)
{
if (stream=—>file == NULL)
{
PID = stream—relementary PID;
fprintf{stdecr,"\nError in manager file:\n- Data for PID ")
fprintf (stderr, "0x%04X (%d) hasn't been found !'\n", PID, PID);
fprintf{stderr, "> Bdit file and add related info.");
exit{l);
I
stream = atream-rnext;
}
1
}
int

Find_PID(FILE *managel, int *lines)
e e ek e s kb ek e ke e e kK kR R

Looks for "] PID = xpto" in file. Returns xpto when successful, -1 otherwise.
B kR o S
int i;

char str[255%), value(le];

while( fgets(str, 255, manager) != NULL )
{

(*lineg)++;

if{ !strnemp ("] PID =", str, 7) )

{
i

sgeanfi{str,"$%a %*s %*c %$s", value);

if(value[0] == '0' && {value[l] == 'x' [| value{l] == 'X'))
sscanf (value,"%x", &i);
else

sscanf {value,"3d", &i};
return i;

}

return ~1; /* Impossible value of PID */

PAT program_ptr

Look up PAT (int PID)

Jr* U T ok e e ek o ke ok ok ok ke e ek ok ok Rk ok ke ke ke R

Searches PAT (GLOBAL VAR.) looking for the PID given as an argument.

Returns a pointer to the found table entry (or NULL).

B T e T o A A e **"k';\"ki-*'k*-l"J\"l“k'k-k/

{
/* PAT_program_ptr PAT.program; GLOBAL VAR. 1 */
PAT program_ptr program;

program = PAT.program;

while{program != NULL)
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{
if{program--°PID == PID)
program = program-  next;
}
return NULL:
}
void

Reads PAT(FILE *manager, int

return program;

*lineg)

L R e A )

{
/* struct PAT; GLOBAL VAR. */
boolean end = NO;
int i;
char str{2585], s(80], valuel[ls], c;
PAT program ptr program;
while( fgets({str, 255, manager) != NULL && !end )
{
(*Liness) ++;
/% Manager file syntax */
PF(str (D] == " ' && satr{l] == '-'} break;
if(str{0] '= "' || strf{l} = ' ') continue;
sscanf (str,"%*c %1 %c ws", s, &c, value);
if(value{0] == '0' && {(value[l] == 'x' || value[l] == 'X'})
sacanf(value, "tx", &1);
elee
sscanf{value,"sd", &i}):
/% Manager file syntax */
LE(e t= '=') continue;
LE{ tstromp("transport_priocity™, &) )
PAT.transport_priority = (char)iz:
else
Lf( !stremp("transport scrambling control®, s) )
PAT. transport_scrambling_control = (charli;
else
PE( latromp{"reserved”, &)
PAT. reserved = (char)i;:
wlse
if{ !stremp("trangsport stream id", s5) )
PAT. transport_stream_id = i;
else
PE( 1stromp("program _number', &) |
{
LE(PAT.program == NULL)
{
LE({PAT . program = (PAT¢proqram_ptr)malloc(sizeof(struct
NULL)
{ Waun("Reads PAT(): malloc error™); exit(l); }
program = PAT.program;
}
elae
( .
if((program—-next = (PAT_programmptr)malloc(SLZeof(struct
NULL )
{ Warn("Reads PAT(): malloe error™); exit(l): 1
program = program-rnext;
}
/* defaults */
program->number = i;
program->rreserved = 0;
program-=FID = -1; /% invalid value */

program->-next = NULL;

while(

(

fgets{styr,

255,

manager) != NULL )}

it
1

EAT_program}))

PAT_program})} ==

pagina 143



Codificador de fluxos bindrios de transporte MPEG-2 Sistema

0.

")

}

}

(*1ines)++;

/* Manager file syntax %/

if{str[0] == ' ' && str[l] == '-'}) { end = YES; break; |}
LE{str[0) V1Y) continue;

if{astrll) ‘\n'Y break;

if(ate{l} v continue;

s(0] = No';

ggcanf(str,"%*c %s %S¢ %a", s, &c, value)
if(value[0] == '0" && (value[l] == 'x' |
sscanf{value,"$x", &i});

] value(l] == "K')}

canf{value, "sd", &i);

/* Manager file asyntax */
f(al0] == '"\NO')y break;
if{c != '=') continue;

LE
;
else
Lf{ !stremp("program map FID", s} && program->number ||
lstremp ("network PID", s) && !{program->number)
)

program—--PID = 1i;

Istremp ("reserved", &) )
gram--sreserved = (char)i;

if{ program=>pID - 0)

{

fprintf(stderr,"\nError in manager file, line $d.\n", (*lines)-1);
tf{program=>number)

{
fprintf{stderr, - PAT info missing a program_map_ PID !\n"};
fprintf{stderr, "> Edit file and insert program_map_PID after");
fprintf(stderr, " program number = %d.",program->number};
}
alse
{
fprintf (stderr,”- PAT info missing network PID An™"y);
fprintf(stdery, "~ Edit file and insert network PID after pragram number =
}

exit(l):

if (PAT.program == NULL)

{

}

else

{

fprintf(stderr, "\nError in manager file, before line %d.\n", *lines);:
fprintf(stderr,"- No programs described in PAT \n");
fprintf(stderr, "> Edit file and define program_number.™);

exit{l);

program = PAT.program:
while(program != NULL}

{

}

(PAT.n_progs)++;

program = program-snext;

if(PAT.n_progs » MAX_PMT_SECTIONS)

{

void

Reads

fprintf(stderr,"\nErcor in manager file, pefore Line %d.\n", *linesj;

fprintf{stde

£,"~ There are more programs than allowed !'\n");

fprintf(stders, " Compile source code w/higher value of MRX_PMT_SECTIONS.");

exit (1l};

PMT (int section, FILE *manager, int *lines)

/***+T**++*w**w**w**w****+****ww****+w*
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For the moment there aren't any descriptors !
‘L’*i"&*i’"k"&*k*'l"i'*\"l"{"t'*l’-v*v;v-p-‘..pg.\,_@{,..‘.‘..‘..A.q..‘..*..u‘v**./
{
boolean end = NO;
int i
char str{255], s180), value{lé6], «;
PMT_stream ptr stream;

while( fgets(str, 255, manager) != NULL && lend )

{
(*lines) ++;
/* Manager file gsyntax */
Pf(str[0] == ' ' g atr[l] == '-') break:
(st (O] 1= '"1" || gtrfl] !'= ' ') continue;
B ke %a", s, &, value);

[4
if(value| 0] O gs (value|l] == 'x' || valuel[l] =
gscanf{value, "%x", &i);

XY

"H&d", &i);

/* Manager file syntax */
if(e !'= '=') continue;

L0 tetromp(Mtransport_priovity", =)
FMT [mection] . transport priocrity = {charc)i;
alge -
L0 tstremp{"transport_scrambling control®, s) }
PMT |section].transport_scrambkling_control = (char)i;

else

/¥ Uses the value defined in the FAT (see Read manager{))
LE( !stremp{"program_number™, =) )
PMT [section] .program _number = i;
else
*/
if( !stroemp("reserved", =) )
PMT [section] .reserved = {char)i;
alse
1f¢ tstremp{"PCR_PID", s) |
PMT | section] . PCR_PID = 1;
alse
Lf{ levremp("stream_type”, &) )
LE(PMT [section] catream == NULL)
{
if({EMT(section] .stream = (PMT_stream ptrimalloc(sizeof(struct PMT_stream)))
== NULL}
{ Warn("Reads PMI(): malloc error"); exit(l); }
stream = PMT[section].stream;
I
alse
{

if((stream=- next = (PMT“stteamwptr)malloc(sizeof(struct PMT stream))} == NULL)
{ Warn({"Reads PMT{): malloc error"); exit{l); |

stream = stream-—rnext;

defaults */

ream->-next = NULL;
st ream-»pPMT = §PMT{gectionl];
stream--type = 1;
stream--elementary PID = -1; /* invalid value */

st ream= . Le s . = 0;

stream--continuity countex = =1; /% invalid value */

stream=-id a = -1; /* invalid value */

stream-~FPES packet length = 2048;
Stream-“PESiscrambling_control = 0;

stream-=PES_priority = 0;

stream-rcopyright = 0;

gtream-roriginal_or_copy = 0;

stream--PE3 bytes left = 2048; }
stream-»file a = NULL;/*Has to check Lf bitstream exists.*/
stream->size = 0;

stream-roffset = 0;
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tTream-

PES payload = 0;
ream--TEF_payload = 03

STUeam="r: = 0;
stream~--hutffer = NULL;
stream--butffer siz = 03
stream->butfer sy : = 0;
stream--info file = NULL;
stream-.au.number = (;
stream-rau.length = 0;
stream--au.ploture coding type = 0;
streamn-au, DTS - - = 0,
stream—cau. BFTS = U;
sTream- -au_start = NO;
srream--cau_on_Time = NO;
stream- ~under tlow = NO;

while{
{

fgets (str, 255, manager) != NULL )

{(*lines)++;

syntax */

& str{l] ==
continue;
break;
continue;

/¥ Manager file
ifl(ste[Q) == ' !
if(str(0]
iflstrl{l] ==
if(stell) !

t-1) { end

1l

)
AV
¥ 1 )

S10) = N0

sscanti{str,"%%c ¥%s

Bo %
sacant(styo, "% %5 %o %s",
if{value[Q] == '0' && {value

sgcant (value,"%x", &i):
else

—_n o~
il
9]

canf {value, "%d", &1}

/% Manager v/
s{0]

I
“ .

file syntax
NOY) break;
‘=1 continue;

stroemp ("regserved", s )
stream-regerved = (charl)i;

else

LE({ lstremp("elementary PID",
stream--elementary PID = 1;

43

i

if( stream--elementary PID - 0)
{

forintf( r,"\nError
foprintf(
fprintf(stderr, ">
exit(l);

in manager file,

}

if (EMT {section].stream == NULL)
{

= YES3;

value([1l]

line %d.\n",

break;

}

XYy

(*lines)-1);

fprintf(stde[r,“\nErron in manager file, pefore line zd.\n", *lines);

fprintf(stderr,"~ No streams described in PMT
fprintf{stderc, "
exit(l);

}

else

( n
stream = PMT[section].stream;
while({stream != NULL)
{

(BMT [sec
stream =

cionl.n_streams)t+;
atream- next;

EMT_ stream ptr

Look _up_EMT {int PID)

"\n"};

Bdit file and define stream_type.");

stderr, - PMT section %d missing an elementary PID I\n", section):
fdit file and insert elementary PID after stream_type.");
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/ B R e R T e I L S SR A AT T T b TR S O TSR O R oy

Searches all PMT sections looking for the PID given as an argument.
Returns a polinter to the found table entry {or NULL).

{
/¥ PMT_stream ptr PMT([section].stream; struct PAT; GLOBAL VAR. ! %/
PMT st m_ptr stream;
register int L;
for(i = 0; i - PAT.n _progs; i++)
{
stream = PMT]{1].strean;
while{streaw = NULL}
{
if{strean-relenentary PID == PID) return stream;
stream = stream— -next;
}
}
return NULL;z
!
void

Reads BES{PMT_stream ptr

R R AT

stream, FILE *manager, int *lines)
E e ke e e ke o b ke ke ke

R R R R B e e e A S R A A
int i;
char str{255], a[80], valuells], c:

while( fgets(str, 255, manager) != NULL
{

{(*lineg)++;

/* Manager flle syntax */
if(atr|0] == ' ' && strll)
LE(str|0) 1= ') [ str[l]

Pt} break;
') continue;

sscanf (str,"%* ¢ %8 %o $s", 5, &C, value);
|

if(value(0] == '0" && (value[l] == 'x' value[l] == '¥'))
sscanf (value, "$x", &i);
canf(value, "sd", &i);
/* Manager file syntax */
if(¢ 1= '=') continue;
if{ lstremp{"stream_ id", s} )
{
if(1 =~ OxBC)
{
fprintf(stderr, "\nError in manager file, line %d.\n", *lines);
fprintf{stdery,"- Invalid stream_id value (< 0xBC) '\n"};

fprintf{stdery, "> Edit file and insert correct value.");
axit(1l);
}

stream->-id = 1;

sprintf(s, "%X.3X", stream-»elementary PID, il; /* hexadecimal */

if({stream—-file = fopeni{s,"rb"})) == NULL)

l :
sprintf{value,”"sd.%a", stream->elementary PID, 1i); /* decimal */
if{{astream—->file = fopen{value,"ch") )} == NULL)

{

sprintf(str, "\nError in manager file, line %d.\n~- Can't open bitstream %8s ol
%g",*lines, s, value);
perror(stu); )
fprintf(stderr, "> Check manager file for PID and stream id or check
bitstream filename.");
exit(l):
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}

stream—-size = File_ﬂize(ﬂt[eam—*file);

Pf(i ~ 0xCO || L - OxDF && 1 « OxXEO || 1 ~ 0xEF)/*Not video nor auckio.*/
stream--info_file = NULL;

alse
if((stream--info_file = tupfile(}) == NULL)
{

sprintf(str,"\nkrror in manager file, line &%d.\n- Can't open tempo
for bitstream into"i;

perrori{sty):

fprintf(stdery, " Try to check disk space.");

exit(l);

}
alse
LE( tatromp ("PES packet length", s) )
{
stream—-PES packet_length = 1i;
stream— "PES bytes_left = i,

)

else

1F{ Istromp("PER scrambling control™, &)
stream=-»PES scrambling control = {char)i;

else B h

if( 1= 3 priority", s) )
stream->PES priority = (charyi;

else

1E( tatromp ("copyright™, s) )
stream— -copyright = (char)i;

else
if{ tstromp("original_or_copy", s) )
astream--original_or_copy = (char)i;

!

if(stream-—id - 0)
{

i = stream--elementary BID;

fprintf(stdery, "\nError in manager file, before line gd.An", *lines)
err,"- stream id not defined for PID 0x%04X {(%d) I\n",i,i);
derr,"» Bdit file and insert stream id (OxBC to OxEFEY. ")

B O R S A e

Gets the bitgtream size.
ke ok ok ok e ok ke ke el ke sk ko ket sk ke ek ke R e bk e

long offset, size;

offset = ftell(file}:
fseek({file, 0, SEEK _END);

size = ftell(file);

fseek(file, offset, ZEEK SET);

return size;

}

void

Get_video info(EMT_stream_ptr stream, double *min_video_ PTS)
/**w*****?w*wwwwww&*w*wm*+www**+w**+*+*

Routine adapted from "mplex @ Christof Moar".
B R R O P R TR e S ]
{
struct sequence header bits
{
#ifdef DOS

rary file

/*Bits are ordered in DOS (lsbf, msbl) differently from UNIX (msbf, 1lskhl).

one could access bits directly with masks and shifts but code would be
harder to read.*/
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unsigned horizontal _size 11 4 : 8

unsigrned vertical

unsignea ho

[t

=

NS Lgned piotule rate
et ratio

UNMSLGgNnea e

1

unsigned it rate 17 10 8

urslgned bit rave 9 2 : 8;

ungligned vhv_buffer si 5;
gred mackey 1;
ghed it rate 1 0 HNY]

unsigned =to L2

unslgned constrained : 1

unsigned vy butffer s N

helse
unsioned horizonval size 114 : 83

size 3 0
ze 11 8

unglgned hovizontal
unsioned vertical

LN
~ =

unslgned vertical size 7 0 85

unsigrned wel aspect ratio I3
unsLgned plature rate HE

unaigned Dit_vate 17 10 : 8;
unsigned bit rage 9 2 HE-
unsLgned it rate 10 :

unsignect macker it :
unsigned vibv bulfer i H

0= e

unsigned vhv buffer size 4 0 o 5;
unsigned constrained parameter flag @0 1;
unsigned et 25

fendif

)i

union
{
struct sequence header bits bits;
har byre[8];

}osequence header;

e

struct ploture header bits

def DOS
unsigned remporal reference 9 2 @ 8

-

#i

w

gned et
gnecd ploture
slgnect temporal

coding_type
_reference_1_0

™

W

felse

<X

qned temporal reference 9 2

unsigned temporal reference 1 0
unsigned pilcture_coding type
unsigned etc

[REN

w

fendif
)

union

{

struct picture header bits blts;
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char byre[2];
| pleture header;

FILE *in = stream--file,
“out= stream--info_file;

double pilctures_per second;

double cycles per ploture;
Long stream_length = 05
lLong agtream offser = 05
unsigned long decodiﬁq order = 0;
unsigned long GOP de Einq order;
unsigned int proars B H

long au_number = 0;

STLUCT

{
long
uns lgned int
unsigned int n

sat H
_segquence_headers;

squence ends

unsigned int n_pictures ;
unsigned int  n_groups ;

unsigned int  num_frames(4] ;
unsigned long avg frames[4] ;

unsigned int ploture rate H
unsigned int bit_rate H
unsigned int  computed bit_rate;

i info;

STrUCT access unit auy

info.n_sequence_headers = 1;
info.n_ 5 = 0;
info.n_ = ()3
info.n_q = 0;
for{i=0;1-4;
{
info.num_framesii] = 0;
infu.avg_frames = 0;
t
au.picture coding_type = 0; /*invalid value*/
printf{"\n3canning video stream Ww/PID = 0x%X (%d) and stream id = Ox% sd) . Anvn",

stredm—'elementary_PID,stream—»elementary_PID,Stream—>id,stream—)id);

STARTCODE prefix{in);
byte = getc(in);
if(byte != SEQUENCE_HEADER)

{
fprintf(stders, "\nError in stream w/PID = 0x%X (%d) and stream_id = Ox%X (%d).\n",
stream—ﬁelementary_PID,st:eam—helementarwaID,st*eam-bid,stream—
»id};
fprintf(stderr, "~ Doesn't start with video sequence_header_code.\n");
fprintf (stderr, "> Edit manager file and set stream _id to a non video value.'"};
exit (1)
}

/* read sequence header */
for(i=0; 1«=8; i++) sequence_header.byte[i]=(char)getc(1n);
if( feof(in) )

{ i 0.
fprintf(mtdeuu,"\nﬁrror in video stream w/PID = Ox8¥X ($d) and stream id = 0x%X

(%d) . \n"
' ﬁtream—helementary_PID,stream—>elementary_PID,stream—*Ld,stLeanw

>id);
fprintf{stdery, "=
fprintf{stderr, ">
exit(1l);

premature EOF In sequence header.\n"};
Replace file by a non corrupted bitgtream.”);
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if{ ! sequence_header.bits.marker bhit )

{
fprintf(stderr, "\nWarning in video stream w/PID = O0x3%X (%d} and stream_id = 0x%¥
(%d}.\n",
stream--elementacy PID, stream--elementary PID, stream->rid, stream-
»id); - -
fprintf(stderr,"- Invalid marker bit in sequence header.\n");
fprintf (stderr, "> Replace file by a valid bitstream.\n\n");
i
i = sequence header.bits.picture rate;
info.picture rate = i; -
{10 && 1-9)
{
pictures_per second = plcture_rates([i];
cycles per plcture = BASE CLK/pictures_per_second;
\ — _
else
cycles per_plcture = 0; /* invalid picture_rate; ETS and DTS = 0 */

0x

STARTCODE prefix(ing;
byte = getcl{in);

while{ !feaf{in} )

{
switch{byte)
{
case SEQUENCE HEADER:
info.n_sequence_headers++;
break;
case GROUP_START:
info.n_groupst++;
GOP_decoding_order = 07
break;
cage PICTURE_ START:
/* skip access unit number 0 */
iflau.picture coding type != 0)
{
stream length = ftell({ in ) - 4;/*minus the start_code*/
. = stream_length - stream offset;
ranm_offset = stream_length;
au.number = (++au_number);
fwrite (&au, sizeof(struct access_unit), 1, out);
lnfo.avq_frameslau.picture_codingﬂtype—l]+:au.lenqth;
}
/* read picture header */
for{i=0; 1<2Z; L++) picture#header.byte[i]=(char)getc(in);
if( feof{in) )
{
fprint f(stderr,"\nError in video stream w/PID = Ox%X (%d) and stream id =
X (%d).\n",

stueam—»elementaryﬂPID,stream—kelementary‘PID,stream—»id,stream-

»id);

fprintf(ﬁtderr,"— Premature EOF in plcture header.\n");
fprintf(stdere,"> Replace file by a non corrupted bitstream."};
exit{l);

}

au.plicture coding type = picture"headet.bitS.picture_codinq_type;
/* Display order in GOP */
i = (picture_headet.bitﬁ.tempo[al_reference_9_2 << 2)

+ pictu:e_header.bitﬁ.temporal_reference_l;o;

au. DTS = decoding_order * aycles per_picture;

au.PTS = (i+1 - GOP_decoding_order + decoding_order) * cycles_per picture;

/* The asmallest PTS of all video AUs is to be added to audlo PTS */
smin video PTS = (au.PTS < *min_video BETS ? au.PTS ¢ *min_video_PTS);
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decoding _ordelt++;
GOP_decoding_order++;

if{{au.pleture_coding type-0) && lau.ploture_coding_type<d))
inﬁo.num_ftames[au.pictuLeﬁcoding_type—ll++;

progress = {(ftell{in)*100)/stream—->size;
info.n_pleturest+;
printf("Fleture headers:$8d (%Zd%%)\r",info.n_pictures,progress);

break;

case SEQUENCE _END:
stream length = ftell (in);

au.length = stream length - stream offset;
stream offset = stream length;
at.number = (+tau_number);

fwrite(&au, sizeof (struct access_unit), 1, out);

infu.nvqwframes[au.picture_codinq_type—l]+=au.lenqth;
break;

}

STARTCODE_p[@ﬁix(inL
byte = getc(in):

I
printf{"fFile length = %1d \nStream length = %ld\n\n",
stream-rsize, stream offset);

info.offset = stream offset;
stream—-offiser = atrean_offset;

for(i=0; 1i«4; i++)
if(info.num_frames[i] != ) info.avg_frames[i] /= info,num“frames[i];

/¥ bit_rate in units of 400 bita/sec rounded upwards,
to obtain bytes/sec just multiply by 50.
If equal to Ox3FFFF identifies variable bit rate operation. */
info.bit_rate = (sequenue_header.bits,bit_rate_17_10 << 10)
+({sequence header.bits.bit rate 9_Z <w2)
+ sequance:header.bits.bit_rata_l_O;

if(cycles per_picture - 0)

{
i = (double)(info.offset)/(douhle)(info.nﬂpictures);/*avg_picture_size*/
/* bytes/sec * 1/50 */
info.computed_bit rate = ceil(i * pictures_per_second / 1250} * 25;

}
else info.computed bit_rate = 0;

/* Display videc info */

printf("sequence_start_codes\t:%8u\n", info.n_sequence_headers);
printf("sequence_end_codes \t:%8u\n", info.n_sequence_ends];
!

printf ("GOPs vt:g8u\n", info.n_groups);:
printf("pPictures \t:g8uln", info.n_pictures);

printf{"\Vt\tINt: 38U —» avg. size = %6u bytes\n",
info.numﬂf:ames[O}, info.avg_frames(0));
avg. size = $6u bytes\n",
info.num_frames[l], info.avq_frames[ll);
printf ("\t\tB\t:%8u > avg. size = $6u bytes\n",
info.num_frames[Z], info.avg_frames[Zi);
printf ("\t\tD\t:%8u ~> avg. size = %6u bytes\n\n",
info.num_framegla], info.avg_frames[3]];

printf{"\t\tP\t:38u

printf{"Horizontal aize:%ﬂu\n“,(sequence_header.bits.horizontal_size_ll_d x4 )
+ sequence_header.bits.horizontal_size_B_O);
printf("vertical size :%Bu",(sequence_header.bits.vertical_siza_ll_B << B}
+ sequence_header.bits.vertical_size_7_0);

i = sequence header.hits.pel aspect_ratio;
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printf ("
switeh( 1 )
{

case

Aspect ratic :

O: printf
1: printt

(" ({forbidden)\n");
("™ (VGA etc)\n");

81.4f ", ratioli]);

break;
brreak;

printf {("(16:9, 625 line)\n"); break;
printf ("{16:9, 525 linej\n"); break;
printf ("(CCIR6(01, 625 linel\n"); break;
printf ("(CCIRGOL, 525 line)\n"); break;
printf 13Nn"); break;

detaulr: printft

}

printf("\n"};

if(info.picture rate == 0)

printf("Picture rate toinvalidi\n"};

else

if{info.plcture rate 9)
printf("Picture rate

2lse

printf("Picture rate H B

if{info.bit rate == Ox3FFF)

else -

printf ("Bit rate

printf("Computed rate

printf("Vbv butfer

58U bytes/sec
lnfu.pumputﬁd bit_rate*50,
58u bytes An",

{ (sequence_
+ sequence_

%2. 3% frames/sec\n", plctures per second);

reserved\n”, info.plcture_rate);

printf("Bit rate ¢ variakle\n"};

38u bytes/sec (%7u bits/sec)\n",

info.bit_rate*50, info.bit_rate*d400);
(%74 bits/sec) [hased on picture rate]l\n",
info.computed bit_rate*400};

6 «<Bb)
* 2048 )

size 9
size 4 0)

header.bitsa.vbv_buffer_
header.bits. va buffer

printf ("CSPE Fsu\n", Pquenap»header bits.constrained parameter_ flaqg);
rewind(in};
rewind (out};
/* ITnitialize 'struct PMT_stream' info. */
iff{info.bhit_rate info.computed_bit_rate)
stream--rate = info.bit _rate * 50;
else
stream--rate = info.computed_bit_rate * 50;
printf("\n ATD video buffer size (KB): ");/*Will be implemented in manager file!*/
scant ("M¥D", &{stream—-~buffer size)):

stream--butffe

sTrean~-hbuffer space =

void
STARTCODE prefix

10z4;
st ream--

buffer_size;

(FILE *stream)

[ ke e ek ok e ke o bk ke sk ke ok ke

Inapects the stream

sequentialy until a

start_code prefix is found {0x000001) .

Another routine will use the lbyte, left in the stream, which specifies the
start_code type.
T L S A R R S
{
unsigned long counter=0;
while (1 feof (stream))
{
switch(geto{stream))
{
case O0x00: countel++;
hreak;
case (0x01l: if (counter = 2) return;
default @ counter=0;
}
}
}
void

Get audio_info{PMT_stream ptr

stream, double min_video PTS)

/*‘k‘&'&’*lk*‘l‘*kai*ii‘ki ki‘il*‘il*lk****ﬂlA‘li*l‘
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Routine adapted from "mplex @ Christof Moar".

e e ket ke sk ke kR ok ke kel b e sk ke e ke ek ok ok ek f
struct header bits

tifdef DOS
/*Bits are ordered in DOS (lsbf, msbl) differently from UNIX (mshf, lsbl).
One could access bits directly with masks and shifts but code would be
hacder to Lead.®/

unsigned synoword 11 4 8
unsigned protection_bit H
unsigned layer H—
unsigned 1D R
unsigrned synowoerd 30 4;
unsigned private bit : 1;
unsigned padding bit :1;
unsigned sampling frequency 2;
unsigned bitrate index 4;
emphasis 2;
original copy 1;
ungi copyright 1;
unsigned mode extension 23
unsigned mode Z;
telse
unsigned syncword 11 4 85
unsigned syneword 3 0 HE
unsigned ID : 1f
unsigned layert 2z
unsigned protection bit 1;
unsigned bitrate index 4y
unsigned sampling frequency @ 27
unsigned padding bit 01
unsigned private bit 1;
unsigned mode 2
unsigned mode extension 23
unsigned copyright 1;
unsigned original copy 1;
ungigned enphasis 23
flendif

b

union

{
struct header hits bits;
char byteld];

} header;

register int 1;

FILE *in = stream--file,

rout= stream->-info_file;

double samples_per ;

long an_oflfse = 0;

unsigned long ding_order = 0;

unsigned int frame_size H

unsigned int  progress H

unsigned int skip ;

int byte ;

long au_number = 0;

struct

{ i
long offset ;
unsigned int n_syncwords ;
unsigned int layer H
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int protection bit ;

un int bit rare ;
un ned int H
unsigned int ;

}oinfo;

struct access unit au;

info.num frames|[0] = 0;
info.num_frames|1l] = 0;

- a o gy 1Y
Brint F"\ndcanning awdle stiean w/PID = 0x3X (%d) and stream id = 0x%X (8d) ADART,
stream--elementary PID, strean- -elementar y_PID,stream=-id, st ream—>id);

/Y Find synoword v/

byte = geta{in);

while (el (in))

{
header . .byte| 0] = byte;
header . bytell) yetal(in):

i = (header.bitas.syncword 11 4 -~ 4) + header.bits.syncword_3_ 0;

PE{L == AUDIO_SYNCWORD)  break;
byte = getc(in);

if( feof(in) |
{

fprintf (stderr,"\nError in stream w/PID = 0x%X (%d) and stream_id = Ox%X (%cd) . \n",
stream- - elementary PID, st team—:-(ﬂlementen:y__PID,Stream—‘rid,stream—»id) ;

fprintf{stderys,"- Doesn't contain the audio synoword O0x3$X.\n", AUDIO__SYNCWORD) ;

fprintf (stderr, "> EAlt manageyr file and set stream id to a non audioc wvalue.");

exit(l};

}

/* Read remainicg . header bytes */
for(i = 2; 1 = 4; i++) header.byte|l] ={charlgetcliini;

if( feof{in)
{
fprintf(stdery, "\nError in audio stream w/PID = 0x3X (%d) and stream_ id = O0Ox%X
(%d).\n",
atream=—.celementaty PID, stream- -element ary PID,stream-~id, st ream—>id) ;

florintf (stders, "~ Premature BOF in header.\n");

fprint £ (stders, " Replace file by a non corrupted bitstream.");

exit(l};

}

info.protection bit = header.bits.protection bit;

info.n_synawords = 1;

if( ! info.protection bit )
{
fprint £ (stdecr, "\nWarning in audio stream w/PID = Ox%XA (%d) and stream id = 0Ox%X
{sd).\n",
stream--elenmentary PID, st ream-elementary PID,st ream-rid, stream—->id) ;
fprintf(stderr, "~ Invalid protection hit in header.\n");
fprintf{stdery, "> Replace file by a valld bhitstream.\nm\n"};

}

0

info.layer = 3 - header . bits.layer;
info.bit rate = bitvate index[info.layer | (header.bits.bitrate_index];

J* kbit/e

samples per second = {double)frequencylheader.bits. sampling frequencyl] ;
frame size = info.bif rate / sawples per_second * slots(info.layer);
info.size frames|0] = frame_siz

info.size frames[1l] = frame s ive :

au. length = info.size frames{headec. bits Jpadding_bit];

au. PTS = decoding orvder ¥ samplesiinto, layer] /samples per_second * 90,
+ omin_video PTS;
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au.DTs = au.PT3;
decoding ordert+;

au.number = (++au number};
fwrite(&au, sizeof {struct acce

s unit), 1, out);
info.mum_frames|(header.pits.padding bit)++;
do
{
skip=au.length-4;

if (skip & Oxl) getal{in);
1f (skip & 0x2)y | geto{in); getclin); )
skip=skip-»22

for (i=0;i-skip;1i++}
{
getal(in); gerao(in); getu(in); geta(in);

i
stream_oifset = ftell (in);

header.byte[0] = getc(in);
i = (header.bits.syncword 11 4 << 4) + header.bits.syncword 3 0;
1f(1 == AUDIO_SYNCWORD)
{
Lf( ! info.protection bit )
{

fprintf (stderr, "\nWarning in audio stream w/PID = 0x%X (%d) and stream_id =
0Ox%X (%d).\n",
stream—helementary~PID,stream—>elementarwaID,stream—sid,stream—
>1d);
fprintf{stdevr,"- Invalid protection bit in header.\n"};
fprintf (stdery,"» Replace file by a valid bitstream.\n\n");

}

/* Read remainig 3 header bytes */
for{i = 1; 1 < 3; i++) header.bytel[i) =(charjgetc{in);

P feof{in) )
{
fprintf(stdery,"\nError in audio stream w/PID = 0x%X (%d) and stream id = Ox$X
{(&d) . \n",
stream-relementary PID, stream--elementary PID,stream--id, stream-
>id);
fprintf (stdery,"- Premature EBOF in header.\n");
fprintf (stdery, "> Replace file by a non corrupted hitstream.");
exit(1);

progress = (ftell(in)*100)/stream->size;
info.n_syncwords++;
printf("Frame headers:3%8d (32d%%)\r", info.n*syncwords, progress);

au. length = info.Sizaﬂframes[header.bits.padding_bitl;

AL PTS = decoding order * samples(info.layer] /samples per second * 90.
+ min_video_ BTS;

au.DTS = au, PT3;

decoding order++;

au.number = (++au_number);
fwrite(&au, sizeof (struct access_unit), 1, out) ;

info.num_framesIheader.bits.paddinq_bit]++;

getcol{in);
}
else break;
} while ({ !feof(in) )3

printf("File length = %1ld \nStream length = $ld\n\n",
’ stream->size, stream offset);

pagina 156



Codificador de fluxos binérios de transporte MPEG-2 Sistema

info.offset = stream offset:
stream--offset = stream offset;

printf ("sSyncwords\t:$8ul\n", info.n_syncwords);

printf("Frames \t:%8u with size %6u bytes\n",
info.num frames[0], info.slze frames{0]);
printf (" \t:%8u with size %60 byteg\n\n", -
info.num_frames[l], info.size frames[l]]:
printf("Layely wergsuan®, info.layver + 1)
if(info.protection_bit == 0) printf {("CRC checksums yes™);
else printf ("CRC checksums\t: no");
printf{" (protection kit = sd)\mn", info.protection_txit);

i1f{header.bits.bitrate index == 0)
printf ("Bit rate\t: free\n");
else if{header.bits.bitrate index == 0xF)
printf ("Bit rate\t: regserved\n");
alse
printf ("Bit rate\t: $8u bytes/sec [%3u kbit/sec)\n",
info.bit ratex128, info.bit rate);

if(header.bits.sampling_frequency == 3)
printf("Freguenoy\t: regservedi\n"};
alse
printf ("Frequency\t: 32.1f kHz\n", samples per second);

i = header.bits.mode;

printf{"\nMode\t\t: %8u (%s)\n", i, mode{i]];:

print f("Mode extension\t: %8uln', header.bits.mode extension};
i = header.bits.copyright; B
printf("Copyright bit\t: %8u (%s)\n", I, copyright[i]);

i = header.bits.oviginal_copy:

printf{"original/Copy\t: %8u (%s)\n", 1, original(i]};

i = header.bits.emphasis;

printf("Emphasis\t: $8u (%s)\n", i, emphasis[1]);

rewind{in);
rewind{out};

/* Initialize 'struct BMT_stream' info. */
/% For the moment, one assumes that the rate isn't variable.*/
stream->rate = info.bit rate * 128;

printf("\n STD audio buffer size (KB): ");/*Will be lmplemented in manager filel*/
scanf ("$D", & (stream-rbuffer size));
stream-rbuffer size = 1024;

stream-buffer space = strean—-cbuffer size;

volid
Create E3 pointers()
/ F R 2 A R R R R R R R A g

Finds total number of elementary streams.

Defines a sorted vector by the stream rate (depends on function Compare_ES{}).
e ke e ke ok e ok o ke A ke ok ke sk ke Tk ok ok ok ok el sk ek sk Rk kol ek

{
/* struct PAT; PMT_stream_ptr ES; GLOBAL VAR. */
PMT_stream _ptr stream;
register int i, j = 0;

/% Defines a vectol w/pointers to all ES.*/
for(i = 0; i < PAT.n_progs; i++)
{

PAT.n_streams += PMT[i} .n_streams;

LE(PAT.n_streams MAX_ES)

{
fprintf (stderr, "\nError in managet file.\n");
fprintf(stderx,"— There are more streams than allowed (%d}!\n", MAX ES);
fprintf(stderr, "> Compile source code w/higher value of MAX_ES.");
aexit{l};
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stream = PMT[1i].atream;

while(stream != NULL}
{
ES[J++! = stream;
stream =

Atream — - next;

1

/* Sorts the vector using the stream rate */
gsort ({void *)ES, 4, sizeof(ES[0]), Compare_ES);

i

int

Compare ES(const void *argl, const void *arg?)
J kb ek kb b b ok P AR R

The gsort() function [(in Create ES polnters(]) will sort the stream pointer
in descending order.

T R T U e O e O AR A SR L R S

{

EMT _stream_ptr a, b;

1]

a *{(PMT _stream_ptr *)argl);:
b = ¥ ((PMT stream pty *)arga);

return (b-~rate) - (a-»rate);

}

void

TP_PAT (FILE *out)
/-k-k**-k-k-l':t“l-*):-k'k'l“k**-k--}.“p+~k{~)-‘ka:‘k'k-k*+~ki“k~k*‘***

sync_byte = 1 byte.

transpurt_error_indicator = 1 bit A
payload_unit_start_indicator = 1 bit \
transport_p city = 1 bit A\

PID = 13 bit > 3 bytes.

transport ambling_control = Z bits /
adaptationvfield_contxol = ¢ bits /
continuity counter = 4 bits /

adaptation_field e/ou data_bytes = until 184 bhytes.

[ I & 5 R R UL R i ek ke sk e e ke ok ok ke ke ke /
{
struct header bits
{
#ifdef DOS
/*Bits are ordered in DOS (lsbf, msbl) differently from UNIX (msbf, lshbli.
One could access bits directly with masks and shifts but code would be
harder to read.*/

unsigned PID 12 8 5
unsigned transport_priority : 1
unsigned payload_unit#staxt_indicator HE
unsigned transport error_indicator HEE N
unsigned PID 7 0 : 85
unsigned continmuity counter

unsigned adaptation_field_control :

unsigned transport _scrambling control

felse
unsigned transport error_indicator 1;
unsigned payload_unit_statt_indicator :1;
unsigned transpott priority H
unsigned PIDﬂlQ_B : 5;
unsigned PID 7_0 : 8
unsigned tLdnsport_scrambling_uontrol : ;
unsigned adaptation_field control T2
unsigned continuity counter 4
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fendif
i

union

{
struct header bits bits;
char byte[3];

} header;

register int 1i;
int tp bytes = 188; /* Transport_packet byte counter*/

/F Write sync_lbyte v/
puta(0x47, out);
tp_lbytes--;

/¥ Header */

/* transport _error indicator */
header.bhits.transport _error indicator = 0;

/% payload_unit _satart_indicator */
header.bits. payload unit_start_indicator = 1;

/* transport _priority */
header.bits.transport _priority = PAT.transport priority;

/* Packet Identifier */
header.bits.PID 12 8 = 0;
header.bits.PID 7 0 = 0;

/% transport_scrambling control */
header.bits.trans scerambling control = PAT.tranﬁport_scramblinq_control;

/% adaptation field control */
header.bits.adaptation field wontrol = 1;/*payload only*/

/% continuity counter */
header.bits.continuity counter = 0;/* For the moment ! */

/* Write 3 bytes header ¥/
for{i = 0; 1 = 3; i++) putc {header . bytefi], out):
tp_bytes == 3;

/Y payload ¥/

LE(tp_hytes <=0)

{
fprintf(stderr,"! Insufficient space for payload (PAT)"};
exit(1l);

}
TS_PROGRAM_ASSOCIATION_SECTION(&tp_bytas, out);

if({tp_bytes)

{
fprintf{stderr, "\nTk pver/underflow (PAT)!"):
exit(1l);

}
}
void
TP PMT section (int section, FILE oLt )
/ P R T R T R R R ]

syne _byte = 1 byte.

transport_error_indicator = 1 bit \

payload unit_start_indicator = 1 bit \

transport priovity = 1 bit \

PID = 13 kits '+ 3 bytes.
transport scrampling control = 2 bits /
adaptatioﬁ_field“control = 2 bhits /
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continuity counter = 4 bits /

adaptation field e/ou data_bytes = until 184 bytes.

{

struct header bits

{
#ifdef DOS
/*Bits are ovrderec
One could acc
harder to read.

{ in DOS {lshf, mshl) differently from UNIX (msbf, lsbl).
bits directly with masks and shifts but code would be
/

unsigned PID_lz 8 HE
u gned transport_priority HEE
unsigned payload unit_start_indicator 1;
unsigned tranaport_error_indiecator HE
unsigred pPLD_7 0 : o B
unsigned continulity counter : ;
unsigned adaptatvion_field control HEVH

unsigned transport scrambling_control : 23

telse
unsigned transport error_indicaton N
unsigned payload_ﬂnitﬁstart_indicatot 1
unsiigned transport_priority .
unsigned PID 12 8 -
ungigned PID_7_0 8B
unsigned transport_sctamblinq_control 2;:
unsigned adaptation_fileld control 2;
unsigned continuity_counter 4;
#endif
I
union
{
gtruct header_bits bits;
char bytel3]:
} header;
register int 1i;
int tp_bytes = 188; /* Transport_packet byte counter*/

/% Write sync_byte */
putc (0x47, out);
tp_bytes--:

/% Header */

/% trangport error_indicator */
header.bits.transport error_indlcator = 0;

/* payload_unit_stavt_indicator */
header.bits.payload unit_start_indicator = 1;

/% transport_priovity */
header.bits.transport _priority = EMT [section].transport_prierity;

/% Packet Identifier */
i = PMT[section].PID;
header.bits.PID 12 8 = (i & 0x1F00) -»=» 8; /*mask 1 1111 0000 0000 */
header .bits.PID 7 0 = 1 & OxFF: /*mask 0 0000 1111 1111

/% transport_scrambling control */
header.bits.transport_scrambling_control =

PMT[section].tLansport_scrambling_control;

/* adaptation field_control */
header.bits.adaptation_field_cuntrol = 1;/*payload only*/

pagina 160



Codificador de fluxos binérios de transporie MPEG-2 Sistema

/* continuity counter */

/* Write header 3 hbytes >/

for{i = 0;

tp _bytes -=

/* payload

{

fprintf(stdecr,"! Insufficient space for payload

exit (1)

}

i < 3; i++) putc(header.bytelil], out);

3;

w

if{tp bytes «=0)

header.bits.continuity counter = 0; /* For the

moment !

TSwPROGRAM_MA#QSECTION(Semtion, stp_bytes, out);

{

fprintf{atderr, "\nTP over/undecflow (PMT)!");

exit{l);:

void

if{tp_bytes)

TP _PES (PMT_stream ptr stream, FILE *out,

AR AL LR R AR R e

sync_bhyte =

e e e e e e o e e e e ke kK e ke

1 byte.

transport error_indicator = 1 bit \
payload unit_start_indicator = 1 bit \
transport priority = 1 bit

PID = 13 bits

transport scrampling_control = Z bits
adaptation‘field_control = 2 bits /
continuity counter = 4 bits /

adaptation field =/ou data_bytes = until

e ke ke e ok e e e o ek ok ek ok e e o e ok ek sk R ek ek ok ek ke ke ek /

{

struct header bits

{
#ifdef DOS

>/

(EMT}™)

douhle PCR)

184 bytes.

3 bytes.

/¥Bits are ordered in DOS3 (labf, msbl) differently from UNIX (mshf, lsbl).

One could access bits directly with masks and

harder
unsigned
unsigned
unsigned
unsigned

unsigned

uns igned
unsigned
unsigned

ffelse
unsigned
unsigned
unsigned
unsigned

unaigned
unsigned
unsigned

unsigned

ftendif
}i

union

{

to read.*/

prp 12 8

transport_priority

payload unit_start_indicator
transport error_indicator

PID 7 0

continulity counter
adaptatimn_field_control
tEansportwscramblinq_control

transport_error_indicator
payload unit_start_indicator
transporlt_priovity

PID 12 _H

pID 7 0

transport’scrambling_cuntrol
adaptation_field control
continuity counter

et Al
Ne N we N

o o

. e we

shifts

but

code would be
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struct header bits bits;
char byte{3];
} header;

register int 1, unit_start;
int random_aco

©8s,

Tp bytes = 188; /* Transport_packet byte counter*/

long offset;
gtruct access unit au;
boolean timeﬁ?ampﬂflaq,
PCR_flag;

double PES_PTS,

orE,

PCR_interval;

char str(80];

/% Write syne_byte */
putc(0x47, out);
tp _bytes--;

/* Headeyn */

/* transport_error_indicatar */
header.bits.transport_error_indicator = 0;

/* payload unit_start_indicator */

unit_start = 0;

if(stream->PE3_bytes_left == stream--PE3_packet_length)
header.bits.payload unit_start_indicator = unit_start;

/* Checks timestamps [(PES_PACKET) and access point (TS_ADAPTATION FIELD) */

if( unit_start
&&

unit_start

1;

{ gtream-rau_start == YES ||
stream-rau_start == NO && stream--au_bytes left -
)
{
random_access = l; /* It's assumed that this happens only w/unit_start.*/
timestamp flag = YES;
if(stream—au_start) /* No part of the au has been transmited.*/
{
PES P18 = stream— au,Ts;
PES_ DTS = styeam—-au. 0T5;
}
else /% checks next au */
{
offset = ftell(stream—>-info_file);
if{ fread{&au, sizeof(struct access_unit), 1, stream-rinfo_file)
{
PES PTS = au.EBTS + stream--EMT-tstartup delay:
BPES_DTS = au.DTad + stream->EMT->startup_delay;
}
else timestawp_flag = NO;
fseek (stream->-info file, offset, REEK_SET);
}
}
else
{
random_access = 03
timestamp_flag = NG
)

/¥ transport_priority */
header.pbitsa.transport _priority = 0;

/% Packet Identifier */

i = stream—-relementary PID;
header.hit
header.kits.PID_7_0 = L & OxFF; /*mask

LPID 12 8 = (i & OxIF0O0) > 87 J*pask 1 1111 0000 Q00O */
70 0 0000 1111 1111 */
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/* PCR management (TS ADAPTATION FIELD) */
PCR_flag = NO; - N
1E({1 == stream-»PMT-PCR_PID)
{
/% Multiplexed stream semantics restriction:
PCR coding frequency (0.1 sec). v/
PCR_interval = PCR - stream--PMT->last_PCR;
if(TPCR interval - 0.1 * SYSTEM_CLK }
{

sprint fisty, "Restriction violation in program $d: PCR interval = %g sec
1.,
stream->FPMT--program number, PCR_interval/SYSTEM_CLK);
Warni{str);

I

Lf(unit_start && vandom_access) PCR_flag = YES;
else
{
/% Empiric strategy to aveid breaking the restriction. In the limit one
could ALWAYS transmit a POR (more overhead). */
1E( 2 * PCR_interval —= 0.1 * SYSTEM_CLK) PCR_flag = YES;
}

1f(PCR_flag) stream--PMT->last PCR = PCR;
}

/* transport_scrambling control */
headey.bits.transport scrambling control = 07

/+ adaptation field _control */
/* header.bits.adaptation_field control = 2; adaptation field only, not used
in this implementation. */
if{stream-~FES_bytes left >= (188 - TP_HEADER) && 'PCR_flag)
header.bits.adaptation field_control = 1;/*payload only*/
else
header.bits.adaptation field_control = 3;/*adaptation_field followed by payload*/

/% continuity counter */

stream-rcontinuity counter ++;

if(stream—*continuzty counter == 16) stream-=continuity_counter = 0;
headeL.bits.continuit?_counter = gtream- continuity counter;

/¥ Write header 3 bytes */
for(i = 0; 1 - 3; 1++) putc(header.byte[i], out);
tp bytes -= 3}

/* adaptation_field */
i = header.bits.adaptation_field control;
if({ i == 2 || 1 == 23
T3 ADAPTATION FIELD(stream, i, &tp_bytes, out, random _access, PCR_flag, PCR);

/* payload */
if( header.bits.adaptation_field control =
header.bits.ddaptationmfield_control =

|
W

{
if(tp_bytes «=0)

fprintf(stderr,”! Thsufficient space for payload™):
exit(l):
}

PES PACKET (stream, &tp_bytes, out, timestamp_flag, PES_ETS, PES_DTS);
}

if(tp_bytes)

{
fprintf(stdetr,"\nTP sver/underflow ") ;
exit{l);

}

if(!(stream—“?ES_bytesﬂmetH
{
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if(stream- offset - stream--PE3_payload) /* last PES packet */

{

/% The PES payload value must be exact */
i = stream--PES_packet_length - stream-»PE3_payload;
stream—»PES_packethlenqth = stream-voffset + i;

stream-"PES payload = stream--PES_packet length - i;

}

stream~ -PES_bytes_left = stream--PES_packet length;

}

void

TS_ADAFTATION FIELD (PMT_stream pty stream,

int control,

Nt *Tp_bytes,

FILE *out,

int randon access,
boolean PCR flgq,
double PCR valile)

A R S AR R LR TS

adaptation_field length = 1 byte

descontinuity indicator = 1 bit \

random aces

5 indicator = 1 bit \

elementary stream privrity indicator = 1 bit \
1

PCR_flag =
OPCR_flag =

it
1 it 4

splicing point flag = 1 bit /
transport_private _data_flag = 1 bit /
adaptation_field extension_flag = 1 bit /

program clock re

reserved

program_clock_reference_extension = 9 bits /

original program

a

erence base = 33 bits \
bit

clock _reference base = 33 bits

» 6 optional bytes.

regerved = & bits - 6 optional bytes.
original program clock reference extension = 9 bits /

gplice countdown = 1 optional byte.

transport private data_ length = 1 optional byte.

private _data byte = n optional bytes.

adaptation field extension_length = 8 bits \

ltw_flag = 1 birt \
pilecewise rate_flag = 1 hit -2
seamless splice_flag = 1 hit /
reserved = 5 bitsg /

stuffing byte = n optional bytes.
R A R R R R R R R R T /

struct flag_bits

{
ffifdef DOS

optional bytes.

/*Bits are ordered in DOS (lshf, msbl) differently from UNIX {msbf, lshl).

One could acc

harder
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

felse
unaigned
unsigned
unsigned
unsigned
unsigned

to read.*/

adaptation fi@Ld_extensionwflag
transpo[twgrivateﬁdata_flaq
splicing_point_flag

OPCR_flag

POR flag

elementary stream priority_indicator
Landomwacegsvindicator
descontinuity indiecator

descontinuity indicator

random_acess_indlcator
elemenfaxy_s?ream_priorityﬁindicator
PCR_flag

QPCR_flag

bits directly with masks and shifts but code would be

1
: 1
: 1
. 1
: 1;
13

1:
[
. ’

1;

‘
. l;
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unsigned splicing point_flag ¥
unsigned transport_private data_flag .
unsigned adaptation_field extension_flag I
#endif
bi
union
{

struct flag bits bits;
char lbyte;
Vo flags;

struet PCR bits /* Used to read PCR and OPCR */

‘ unsigred PCR _basge 32 U5 : 8s
unsigried PURﬂbase_:4“17 i Bz
unsigned PCR _base 16 9 : 8;
unsigned POR_base 4 1 : 8

#ifdef DOS

unsigned PCR_extension 8 H

unsigned reserved -}

unsigned PCR hasie O : H
felse - -

unsigned PCR base 0 : 1z

unsigned reserved N

unsigned PCR extension 8 HE
ffendif - -

unsigned PCR _extension 7_0 @ 8;

}s

union

{
gtruct PCR bits bits;
char byte[g];

} PCR;

int adaptation_field_ length;

register int i;
double aux,
PCR_bage,
PCR_extension;

/* Write adaptation field length.¥%/
if(contral == 2) adaptation_field length = 183;
else

{
adaptation_field length = 183 - atream->PES _bytes left;

if(PCR_flag && adaptation_field_length < 7) adaptation_field length = 7;

}

if(adaptation_field length 0}

{
fprintf(stdevr,"! adaptation_field length < 0 !'");
exit(1);

}

putc(adaptation_field length, out);
(*tp_bytes}-—;

/* 1 stuffing byte */
if{ladaptation_field length] return:

/*Adaptation field flags.*/
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/% descontinuity indicatvrcor v/
flags.bits.descontinuity indicator

It

a;

/* random acess_indicator */
flags.bits.random_acess indicator = random_access;

/* elementary stream priovity indicator */
flags.bits.elementary stream_priority_indicator = 1;

/* PCR_flag */
if(PCR_flag) flags.bits.POR_flag = L1;
alse flags.bits.PCR_flag = O3

/* OPCR_flag */
flags.bits.OPCR_flag = 0;

/% splicing point_flag */
flags.bits.splicing_point_flag = 0;

/* transport_private data_flag */
flags.bits.transport _private data_flag = 0;

/* adaptation field extension_flag */
flags.bits.adaptation_field_extension_flag = 07

/*Write flags byte.*/
putc{flags.byte, out);
adaptation_field length--;
(*tp byres)--:

/* Program Clock Reference ¥/

if{ PCR_flag )

{
PCR_base = floor (PCR_value / 300);
PCR extension = Emod(PCR_value, 300);

PCR.bits. POR_base 32 25 = floor(PCR_base / 33554432); [/* 2725 %/
aux = fmod(PCR_base, 33554432);

PCR.bits,. PCR _base_24_17 = floorlaux / 131072); /2717
aux = fmod{aux, 131072);

PCR.bits. PCR base 16 9 = floor(aux / 512); A
aux = fmod{aux, 512});

PCR.bits.PCR_bagse 8 1 = floor{aux / 2);

PCR.bits.PCR_base 0 = fmod{aux, 2);

PCR.bits.PCR_extension_8 = floor(PCR_extension / 256);

fmod ( PCR_extension, 256);

]

PCR.bits.PCR_extension_7_O

/*Writes PCR o bytes.*/

for (i=0; 1<6; i++) putc(PCR.bytefi], out);
adaptation field length -= 6;

*tp_bytes -= 6; -

}

/* Original Program Clock Reference w/
if({ flaga.bits.OPCR_flag )

{

}

/*
1£d
{

}

rountdown */
bits.splicing point _flag )

/* private data */

if{ flags.bits.transport private data_flag )
{

Y

/* adaptation_ field extension */

Pf{ Elags.bits.adaptation_field extension_flag |
{

}

/*3tuffing bytes*/
*pp bytes -= adaptation_field_length;
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for(; adaptation field length; adaptation_field length--) putc(OxFE, out);

}

void

TS PROGRAM AS:

[ Ak A e e e e ke ke ke ke bk ok Rk A kR kA ok kR R

SOCTATION SECTION(Int *tp_bytes, FILE *out)

peinter field = 1 optional byte depending on unit_start.

table id =

1 byte

section_syntax indicator = 1 bit A

no_name = 1
reservedl =
section_len
transpor
reserved

bit \
2 bits \
gth = 1o bits

ream id = 16 bhits /
Sobits /

version number = 5 bits /

current_nex

t_indicator = 1 bit /

section_number = 1 byte;

lasgt_sectio

n_number = 1 byte;

[=

program _number = le bits A\
resarved = 3 bits - N
network or_program_map_PID = 13 bitsg /
CRC_32 = 4 bytes;
e e e sk ke e ke kb sk sk kSRR bk ok e ek bk ek ok ek b ke ok
{
struct header bits
{
#ifdef DOS
/*Bits ‘e ordered in DOB {labf, mabl)
tne could
harder to a.x/
unsigned section length 11_8 4z
unsigned resepvedl 23
unsigned no_name s 1;
unsigned section syntax_lndicator 1:
unsigned section length 7 0 a3
ungigned transport_stream id_15_8 8;
unsigned transport streawm id 7_0 ¢ 8;
unsigned current next_indicator 1;
unsigned version _number 5;
unsigned reserved? 2
felse
unsigned section_syntax indicator 1:
ungigned no_name 1;
unsigned reservedl 2;
unsigned section length_11_8 r o 4;
unsigned section length_7_0 8
unsigned transport stream id 158 @ 87
unsigned transport_stream_id_7_0 a3
unsigned reserved?2 23
unsigned velr: n_number 5;
unsigned current next indicator 1;
#endif
|
union
{

struct header hits bits;
char bytel[H];

} header;

5 bytes.

4 bytes.

differently from UNIX

(mshi,

lshl).

bits directly with masks and shifts but code would be
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struct table_bits

unsigned program number 15 8 o 8;
unsigned program number 7 0 - B

#ifdet DOS

unsigrned network or_program map PID 12 8 : 5

unsigned reserved T
telse

unsigned reserved : 3

ungigned network or_program_map_PID 12 8 : 5;

fendif

unsigned netwmLk”ou“puoqramwmap_PID_7_O )

bi

union

{
struct table blts bhits:
ahar bytel6l;

} table;

register int 1;
PAT_program_plhr program;

/* For the moment, it is assumed that a TF carries only one section, which
fits the payload.*/

/*Write pointer Tield.*/

putc (0, out};

/*Write table id.¥/
putc{0, out);

/* section
header.l»its

syntax_indicator */
seotionmﬁyntax_indicatou = 1;

header.bits.no_name = 0;
header.bhits. reservedl = PAT.reserved;

/* section length */ /* <= 1021 */
1= 9; h

program = PAT,pLogram;
while(program = NULL)

{
i += 4;
program = program- next;
1
header.bits.section length_11_8& = (1 & OxF00) => 8; /*mask 1111 0000 0000 */

ation length 7_0 = 1 & OxPF; /*mask 0000 1111 1111 */

/* transport_stream_ld */

1 = PAT.transport stream id;
headeL.bitm.ttangpott_stream_id_lSAB = Floor(i / 256);
header.bits.tLansport_ﬁtream_id_7_0 fmod (1, 256);

il

header.bits. reserved? = PAT.reserved;

/* version number */
header.bits.version number = 0;

/* current next_indicator */
header.bits. current next indicator = 1;

/*Write header H bytes.*/
for(i = 0; 1L < 5; 1i++) putc(header.byte[i], out};

/¥ section_number */
putc{t, out);

/% last_section_number */
putc({0, out);

program = PAT.program;
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while(program != NULL)

{
/% program_number ¥/
i = program-rnumber;
table.bits.program number 15 8
table.bits.program numer 7 0

floor{i / 256);
fmod (1, 256);

Il

table.hits. reserved = program-rreserved;:

/% network PID or program_maps_ PID >/

i = program=--pLD;

tabhle.bits. network or program_map FI D 1z 8 floor(i / 256);
table.bits.network or_program_map PID 7_0 = fmod (i, 256);

i

/*Write rakle 4 bytes.*/
for{i = 0; i - 4; it++) putcl{table.byrelil], out;

Program = program=  next;
*tp _hytes —-= 4;
}

/*Writes 4 bytes of CRC_32.%/
for{i = 0; i - 4; i++) purc{t, out);

*tp bytes -= 137 A WAl

/E3tuffing bytes*/
for(; *tp bytes - 0; (tp bytes)--) putc(OxFE, outl);

void
TS_PROGRAM_MAP SECTION{int section, int *tp bytes, FILE *out)

/*I* e e ke ke ke ok ok e ok e ke ke e e e e e ke ok kR R Rk ke ok
pointer field = 1 optional byte depanding on unit_start.

table_id = 1 byte

section _syntax _indicator = 1 bit A\

no_name = 1 bit \
reservedl = @ bhits \
gection length = 12 bits A\
program number = 16 bits \
reserved? = 2 bits \
version_number = 5 bits 11 bytes.
current next_indicator = 1 bit /
section_number = # bits /
last_section_numper = 8 bits /
reserved3 = 3 hits /
PCR_PID = 13 bits /
reservedd = 4 hits /

program_info_length = 12 bits /

N descriptors of several bytes;

stream_type = 8 bits \
reserved = 3 bits A\
elementary PID = 13 bits w No* 5 bytes.
reserved = 4 bits /

B3 _info_length = 12 bits /
N descriptors of several bytes;

CRC 32 = 4 bytes;
B L L S 2 RS R R A R L S Rl sk ke f

{

struct headel lits

{

fifdef DOS

/*Bits are ordeved in DOS (1shE, msbl) differently from UNIX (msbf, lsbl}.
One could access bits directly with masks and shifts but code would be
harder to read.*/

unsigned s ctiolx_itel‘n;]tl‘|~11_8 HE

igned reservedl 2
unsigned no_name : 1;
unsigned mection syntax_indicator : H
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unsigned section length 7 0 : 8
unsigned program_number 15 8 85
unsigned program number 70 : 8
unsigned current next_indicator Y
unsigned version_ number HE <}
unsigned 2;
unsigned section number : B;
ungigned last section_number : o B;
unsigned PCR PID_ 12 8 o 5;
ans Lygned Cv e 3 H ¥
unsiigned PCR_PID 7 0 p 85

unsigned program_info_length_11_8 : 45
unsigned reserveacdd HE—

unsigned program_info_length_7_0 85

igned section syntax_indicatos 1
digned no_nanme 1
2
4

g lgned resenved]
unsigned section_length_11_8

unsigned section_length_7_0 : 8;
unsigned program_ numbeyr 15 8 HE -
unsigned program_number 70 HE. - H
unsigned reservedz I
unsigned version number =T
unsigned current next_indicator 1
unsigned section_number HE '
unsigned last _section_number HE -
unsigned reserveds H 3;
unsigned PCR_PID 12 8 5
ungigned PCR_FID 7 0 B

s vedd R 4;

unsigned v
igned pro

ram_info_length_ 11 8 : 4;

unsigned program_info_length_7_0 :  8;

fendif
}i

union

{
struct header_bits bits;
chat bytellli;

} header;

struct B5_bits
{
ungigned atream type HE. ¥

#ifdef DOS
unsigned elementary PID 12 8 3 5
unsigned reservedl H

unsigned elementary PID 7 0 @ 8;

unsigned ES_info_length_11_8 : 43
unsigned reserved? . 4;
felse
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unsigned reservedl 1 3;
unsigned elementary PID 12 & :  5;

unsigned elementary PID 7 0 85

unsigned reserved?2 4y
unsigned £3 info_length_11 8 : 4;
ffendif
unsigned ES info length_7_0 @ 85
b
union
{

struct E3 _bits bhits;
char byte(h);
i BS;

register int i;
EMT sitream_ptr stream;

/* For the moment, it is assumed that a TP carries only one section, which
fits the payload.*/

/*Write pointer field.*/

puta(0, out);

/*Write table id.*/
putc{s, out);

/* section syntax_ indicator */
header.bits.section _syntax_indicator = 1;

header.bits
header.bi

.no_name = 0;
.reservedl = PMT[section].reserved:

/* section length */ /* = 1021 */
io= 13
stream = PMT{section].stream;
while(stream != NULL)
{
1 4= 5;
stream = stream- next;
}
header.bits. section length 11 8 = (i & OxFOO) -»> 8; /*mask 1111 0000 0000 */
header.bitﬂ.mectionilenqthi7_6 = 1 & OxFE; /*mask 0000 1111 1111 */

/% prograwm_number */

i = PMT]section].program _number;
header.bits.program _number_15_8 = floor(i /
header. . bits.program_numper 7 0 fmod (i, 256

Il

ol
<3
-~

header.bilts. reserved? = PMT[section] .reserv

/* version number */
header.bits.version_number = 0;

/* current next_indicator */
headet.bits.currentwnext_indicator = 1;

/% section number */
header.bits.section number = 0;

/% last
header .k

ction_number */
Sits. last_section_number = 0;

header.bits. reservedd = PMT | section] .reserved;

/* PCR_FID */
i = PMT{section].PCR_PID;

header.bits. PCR_PTD_12_8 = floor(i / 256);
header.bits.PCR_PID_7_0 = fmod({i, 256);

header . .bits. reservedd = PMT(mection].reserved;

/% program_info_length x/
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s+

header.bits

Sprogram

info_length_11_8 = 0;

header.bits.program info_length_7_0 = 0;

/*Write header 11 bytes.*/
for(i = 0; 1 + 11; i

++4) putce(header.byte(i], out);

stream = PMT[section].stream;

while(streanm

{

/% st

ES.b

am_type */

switch{fS.

case 0x00:
cage 0x0Ll:
case Oxu2:
case 0x03:
case 0m04:

case 0x05:

private section\n");

case 0x06:

t= NULL)

L strean type = stream—-type;

bits.stream type)

fprint £ (out, "ITU-T | 130/1IRGC Reservedi\n");
Lreak;

fprintf(out, "IS0/IEC 11172 Video\n");
bhreak:

fprint £ {out, "ITU-T Rec.H262 |} IS0/IEC 13818-2 Video\n");
break;

fprintf(out, "IS0/IEC 11172 Audiol\n");
break;

fprint £ (out, "150/IEC 13818-3 Audio\n");
break;

fprint f{out,"ITU~-T Rec.H222.0|IS0/IEC 13818-1

break;

fprintf (out, "ITU-T Rec.H222.0{ISO/IEC 13818~1 PES packets

containing private data\n");

case 0x07:

case 0x08:

case 0093

auxiliavy\n");

ny

default

ES.bits. reservedl

/* elementary PID
i = stream-relemen

break;

fprintf(out, "ISO/IEC 13522 MHEG\N" ) ;
break;

fprint £ {out, "ITU-T Rec.H222.0|I50/IEC 13818-1 DSM cec\n"};
reaks

fprintf(out, "ITU-T Rec.H222,0}180/IEC 13818-1/11172~-1

Ihrealk;

Lf(ES.bhits.atream type =0x0A && ES.bits.stream_type<=0x7F)
fprintf (out, "ITU-T Rec.H222.0|I30/IEC 13818~1 Reserved\n'};

alse

if{ES.bits.stream type =080 && ES.bits.stream_type<=0xFF)
fprintf{out, "User Private\n"};

= gtream-r-reserved;

)
tary PID;

ES.bits.elementary PID 12 8 = (1 & 0x1F00)} »> B8;/*mask 1 1111 0000 0000 */

ES.bits.
ES.bits. reservedz

/* ES_info_length
ES.bits.E5_info_le

ES.bits.BS _infe_le

/¥Write 5 bytes of
for(i = 0; 1

a2}

D
tp bytes -= 5

stream = stream=-n

elementary PID 7_0 = i & OxFF; /*mask 0 0000 1111 1111 */

= stream--reserved;
w/

ngth_11_& = 0;

ngth 7_0 = 0

£S5 _info.*/ /* No descriptors, for the moment !*/
i+4) putc(BS.hytel[l], out});

ext;
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/*Writes 4 hytes of CRC_3z2.%/
for(i = 0; i - 4; 1i++) pute(0, out);

*tp bytes -= 17; /* 16 2722727%

/*stutffing bytes*/

for{; *tp bytes; (*tp_bytes)--) pute (OxFE, out);

}

void

PES PACKET (PMT_stream ptr stream,
int Ty bytes,
F1LE Fout,
boolaan timestamp flag,
double pTS, -
double DTS

/ B R R R X R R R e

packet_start_vcode_prefix = 3 bytes
stream id = 1 byte

PES_packet_length = 2 bytes

PES header = 3 optional bytes

PTS e DTS = 0 or 5 or 10 bytes

ESCR = 6 optional bytes

ES rate = 3 optional bhytes

DSM_trick mode = 1 opticnal byte
adicional copy_info =1 optional byte
PES_CRC = & optional bytes

PES_extension flags = 1 optional byte

PES private_data = 16 optional hytes
pack header field = until 256 bytes
programmpacket_sequencevcounter = 2 optional hytes

P _STD huffer = 2 optional bytes

PESMextensionvflag_Z = until 128 reserved bytes

stuffing_kyte (OxFF) = maximum 32 bytes

e sk ok e o o e e e ke e ke ok ke ek ke ko ke e e ek Kk ke k]

{

struct header bits

{
fifdef DOS

{optional)

/*Bits are ordered in DOS (lsbf, msbl) differently from UNIX (msbf, 1sbl}).
One vould access bits directly with masks and shifts but code would be

harder to read.*/

unsigned original _or_copy 1:
unsigned copytight : 1;
unsigned da ~aljgnment_indicatou HE
unsigned PES_priovity HEN
unsigned PES_scramblinqﬂcuntrol Y
unsigned noname HE
unsigned PEH_extensionmflaq HE
unsigned PES_CRC_flag : 1
unsigned addifional_mopy_info_flag : 1;
unsigned DEM_trick_mode_flag 1
unsigned E5_rate_flag H
unsigned E3CR_flag : 1;
unaigned PTS_DTS_flags 23
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felse
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned
uns ignec
uns igned
unsigned
unsigned
unsigned
unsignedc

fendif
unsigned

}s

union

{

struct header bits hits;

PO e
PES
PES

priority

data_alignment_indiecator

copyright

serambling control

vriginal_or_copy

FTS DTS _flags
ESCR agg
5 flag

Dﬂﬁdi ck_mode_flag
additional wopy info_flag

PES CRC Flag

PES @xtgnﬂion_flag

PES header_data_length

char byte[3];

} header;

struct PTE_

{
fifdef DO3
unsigned
nsigned
unsigned

unsigned

unsigned
unsignerd

unsigned

unsigned
unsigned

unsigned
ungigned
unsigned

unsigned

unsigned
unsigned

unsigned

unsigned
unsigned

flelse
unsigned
uns igned
unsigned

unsigned

unsignec
ungigned

unsigned

unsigred
unsigned

unsigned
unsigned
unsigned

DTE_bits

marker bit 1
PTH_ 3230

noname 1
PTE 29 2o

marker bit 2
BTG 21 15

P 147

marker it 3

PTE_6_0

marker it 4
DTS 3230
noname_2

DTS 292

marker bit 5

DTS _21_ 15
DTS 14 7
marker bit_e

DTS 60

notame 1
Brs 3

marEeL:bit_l

P 28 22

pra_ 21l 15
marker bit 2

PTS 14 7

PTS_BHO
marker bit_3
noname_ 2

D3 32 30

Ne e e we e

el Sl S oG

e
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unsigned DTS 29 22 H

unsigned DTS 21 16 HE
unsigned marker bit 5 : 1:

unsigned DTS 14 7 : 85

unsigned DTS & 0 : 7

unsigned warkeyr bit & @ 1;

fendif
i

union

{
struct BTS DTS hits bits:
char byte[10];

}ostamp;

struct BSCR_bits
{
#ifdef DOE

unsigned BE3CR_29 28 HIE#
unsigned marker bit 1 L
unsigned ESCR_32 30 :3;

unsigned gerved 25
unsigned EZCR_27_20 I -H

unsigned ESCR_14 13 2
unsigned marker bit o 1
unsigned ESCR_19 16 5

unsigned ESCR 12 5 o8
unsigned ESCR_extension 8 7 @ 25
ungigned marker bit 3 v Lls

unsigned ESCR_4_0 HEH

unsigned marker
unsigned ESCR_e

xtension_6_0 1 7;

felse
unsigned reserved vo2:
ungigned BRCR_ 3;
ungigned mackeyr bit 1 L
unsigned ESCR 29 28 H
ungigned ERCR_I7 20 : 8,
unsigned ESCR_19 15 EH
unsigned mackey bit 2 1
unsigned ESCR_14_13 2
unsigned ESCR_12_5 T8

unsigned ESCR_4_0
unsigned marker bit
ungigned ESCR_extens

ion_8_7

unsigned BSCR_extensiion 6 0 @ 73
unsigned marker bit 4 HER

#endif
)i

unien

{
struct ESCR_bits bits;
char bytel[6];

} BSCR;

struct ES _rate bits
{
#ifdef DOS
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unsigned BS rate 21 15 ¢ 73

unsigned magker it 1 H
unsigned BES rate 14 7 H-F
unsigned marker it U L
unsigned E3 rate & 0 HE
felse
unsigned marker bit | 2 1
unsigned BS_rate 21 15 @ 7;
unsigned ES rate 14 7 H N
unsigned BS rate o 0 HE
unsigned marker bit o L;

fendif
Vi

union

{
struct ES rate bits bits;
chay byte[3];

} ES rate;

gtruct DEM_trick bits
{
fifdet DOS
unsigned
unsigned
Ung1gned _ :
unsigned trick mode control @ 3;

felse
unsigned trick_mode _control @ 3
unsigned bits 1 A
unsigned bits_2 : 1;
unsigned bits 3 t 23

ffendif

bi

union

{
struct DSM trick _pkits bits:
char byte;

} DSM_trick;

struct flag bits
(
#ifdef DOS
unsigned PES_extension_flag_2
unsigned reserved
unsigned P _STD buffer flag
ungigned program packet sequence_counter flag

Rl = = YU =

unsigned pack_header field flag ;

unsigned PESWpLivate_datd_flaq H ;
felge

unsigned PES private data_flag 1

d pa;E header field flaq : 1

. p[ogfam_paCEPt_Sequence_counter_flaq : 1

P_3TD _buffer flag : 1

0 regserved : 3

unsigned PES extension_flag_ 2 1

#endi £
i

union

{
struct flag bits bits;
char byte;

} flags;
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doulle aux,
ESCR_value, /* deactivated */
ES_rate_value; /* deactivated */
register int 1, stuffing;
long bytes;

if(stream—>PES_bytes_left == stream--PES packet_length) /* unit_start */
{

/¥ packet start code_prefix */

putc (0, out); putce(0, out); putel(l, ovut);

/* stream->id */
putc{stream—->id, out);

/* PES_packet length */
pute( (int) (stream-»>PES packet_length / 256), out):
pute{ stream--PES_packet_length % 256, out);

*tp bytes -= ©;

stream--~PES _bytes left -= 6;

/% optional PES header */
if{ stream--id l!= OxBC && /* program stream map */

stream-=-id != OxBF && /* private stream 2 */
stream=--id != 0xBE && /* padding_stream */
stream—-id != OxF0 && /* ECM_stream */
stream--id != O0xFl && /* EMM_stream */
stream--id != 0xFF }/* program_stream directory */
{

/% opcional header start (flags) */

header.bits.noname = 2;

/* PES_scrambling control */

header.bits. PES_scrambling control = stream->PES _scrambling control:

/* PES_priority */
header.bits.PES_priority = stream->PES_priority:

/* data_alignment indicator */
header.bits.data_alignment_indicator = 0;

/* copyright */
header.bits.copyright = stream—‘copyright;

/* original_or_copy */
header.bits.original_or copy = stream->original_or_copy;

/* PTS_DTS flags */
if(timestamp flag)

{
LE(PTS == DT3) 1 = 2;
else I = 3;

}

else 1 = 0;

header.bits. PTS_DTS flags = i;

/* ESCR flag */
header.bits.ESCR_flag = 0;

/* E8 rate_flag */
header .bits.ES rate_flag = 0;

/* DSM_trick_mode_flag */
header.bits.DSM_trick mode flag = 0;

/* additional_copy_info_flag */
header.hits.additional copy info_flag = 0;

/* PES_CRC_flag */
header.bits.PES_CRC flag = 0;

/* PES_extension flag */
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header.hits.PES_extension _flag = 0;

/*Initialization of

header.bits. PES header_data length

/* PT3 and DTS */
if(header.bits.PT5_DTS_flags)
{

header.bits, PES header data_length +=

stamp.bits. noname 1 = header.bits.PTS_DTS_flags;

stamp.bits.marker bit 1 = 1;
stamp.bits. mavker hit 2 1;

stamp.bits.marker bhit 3 = 1;

I

aux = PT3;

gtamp.bits.PTS_32 30 = floor(aux / 1073741824);

aux = fmod(aux, 1073741824} ;

stamp.biltg. T3 29 22 = floor(aux

aux = fmod(aux, 4?94304);

PES header _data_length.*/

= 0;

/ 4194304);

stamp.bits.PTS 21 15 = {loor{aux / 32768);

aux = fmod(auxT 35768);

stamp.bits.PT3_ 14 7 = floor{aux / 128);

stamp.bits.pPTS_6 0 = fmod(aux,

if(header.bits.pPTS DTS flags == 3)

{

stamp.bits.noname 2 = 1;

stamp.bits.marker_bit_4 = 1;
amp.bits.marker bit 5 = 1;
stamp.bits.marker_bit_6 = 1:

aux = DTS;

stamp.bits. DTS 32 30 = floor(aux / 1073741824);

aux = fmwod (AUXT 1073741824 ) :

AUX = fmod(auxT 4194304);

128);

/% DTS */

amp.bits. DTS 29 22 = floor(aux / 4194304);

stamp.bits.DT3_21 15 = floor (aux / 32768);

fimod (aux, 32768);
IR ABR

Lo

/% ESCR */
if({header.bita . BSCR flag)

{

LDTE_14_ 7 = floor (aux /
LDTE_6_0 = fmod{aux,

128);
128);

header.bits. PES_header_data_length += 6;

BESCR.bits.marker bit 1 = 1;
ESCR.bits.marker_bit 2 = 1;
ESCR.bits.marker_bit 3 = 1;
ESCR.bits.marker bit 4 = 1;

BESCR.bits.reserved = 0;

aux = floor(BSCR_value / 300);

ESCR.bits.ESCR_32 30 = floor(aux

aux = Emod{aux, 1073741824);

AGCR.bita . EACR 29 28 = floor(aux

aux = fmod(auxT 268435456);

ESCR.bits ESCR_27_20 = floor{aux

aux = fmod(aux, 1648576);

ESCR.bits.ESCR 19 16 = floor{aux

aux = fmod(auxT A2768) ;

ESCR.bits.ESCR_14_13 = floor{aux

aux = fmod{aux, 8132);

ESCR.bits.ESCR 12 5 = floor{aux

/ 1073741824);
/ 268435456);
/ 1048576} ;

/ 32768);

/ B192);

/ 32y

ESCR.bits.ESCR_4_0 = fmod(aux, 32);

aux = fmod(ESCR_value, 300);

/¥ 2730
VARV
/¥ 2715
/o207
/¥ 273
fr 272
/¥ 201
sz
/* 2730

*/

/* 2728 %/

/*
/*
/*
/*

2720

2715

2713

2"5

¥/
*/
*/
y

(header.bits.PTS DTS flags-1)*5;
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ESCR.bits.ESCRNextension_Bv7 floorfaux / 128);
ESCR.bits.ESCR_extension _6_0 = fmod{aux, 128);

}

h

/* ES _rate ¥/
if{header.bits.E5_rate_flag)
( —

h@adet.bits.PES_h@adEL_data_lenqth += 3;

ES_vate.bits
ES_rate.bi

marker bit 1 1;
s.marker bhit 2 = 1;

aux = ES rate_value / 50;

3 rate.bits. = floorlaux / 32768):

fmaod {au

o g

5 rate.bits.E5_ve _
ES rate.bits.BS_rate_6_0 = fmod(aux, 128);

= floor(aux / 128);

/¥ DEM trick mode v/
iﬁ(h@ﬁder.bits.DSM_tLickwmode"flaq)
{

header.bits.PES_header_data_lenqth ++;

DAM_trick.bits.trick_mode_control = 0; /* ffw */

DSM_trick.bi 0;
DSM trick.k = 0;
DAM trick.b 0z

/* additional copy_info */
if (header.bits.additional copy_info_flag)
{

header.bits. PES_header_data_length ++;

\
i

/4 PES_CRC %/
if (header.blts.PES_CRC_flag)
i
reader.bits. PES header_data_length += 23

1
'

/v PES extengsion Y/
if(headeu.bitﬁ.PES_gxtension_flaq)
{

header.bits. PES header_data_length += 1; /* flags

/* PES private_data_flag */
flags.bits. PES private_data_Clag = 0;

/* pack header field flag */
flaqs.bitS.pack_header_fieldﬂflag = 05

/¥ programﬁpacket_sequence_counter_flag *f
fldqs.bits.ptograanackat_sequence_counter_flag =

/% P _8TD buffer_ flag */
flags.bits.P_STD buffer flag = OF

flaqm.bits.nemerved = 0;

/¥ PES_extenﬁion_flaq_E*/
flags.bits.PES_extension_flag 2 = 0;

0;

0

*/

/% Stuffing Bytes (for the PES overhead assumptions in this implementation) */

stuffing = 0;
i = headet.bits.PTs_DTS_flags;

if(stream->id = 0xBEO && atrean--id <= OxEF) /* Video */
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if(ti) stuffing = 10;

1f(i == 2) stuffing = 5;
}
else

if(ti) atuffing = 5;
header.bits.PES_header_data_length += stuffing;

/* Write */

/* opcional header start 3 bytes (flags) */
for{i=0; i<3; i++) putc(header.bytefi], out);
*tp_bytes -= 3;

stream-"PEZ _bytes left -= 3;

/* 5 oor 10 bytes of PTS and DTS */

if (header.bkits. TS DTS _flags)

{
for(i=0; 1i<5; i++)}) putc(stamp.byte[i], out):
*tp bytes -= 5;
stream--PBES bytes left -= 5;
if{header.bits. T3 DTs_flags == 3}
(

for({i=5; 1<10; i++) putc(stamp.byteli], out);

*Ip bytes -= 5;
stream->PES_bytes_left -= b;
}
}

/* 6 bytes BSCR */

if(header.bits.ESCR_flag}

{
for(i=0; 1<6; i++) putc(ESCR.byteli], out);
*tp_bytes -= 6;
stream->PES bytes_left -= 6;

}

/* 3 bytes RS rvate */

if (header.bits.ES rate_flag)

{
for (i=0; 1<3; i++) putc(ES~tate.byte{i], out);
*tp bytes -= 3;
stream->PES_bytes left -= 3;

}

/* DSM_trick_mode */
if(header.bits.DSMﬁtnickﬁmode_flag)
{
putc (DSM_trick.byte, out):
(*tp_bytes)-—;
(strean-PES _bytes_left)--;
}

/* additional copy_info */
if{header.bits.additional_copy_info_flaq)
{
putc (0, out);
(*tp_lbytes)--=;
(stream—ﬁPES_bytes_left)-—;
}

/* 2 bytes PES_CRC */
if(header.bits.PES_CRC_flag)
{
putc{0, out}); putc(0, out};
*tp bytes -= 2
stream->PES_bytes left -= Z;
}

/% PES_extension */
if(header.bits.PES extension flag)

putc{flags.byte, out);
(*tp_bytes)——;
(stream—»PESﬂbytes_left)——;
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}

/* Stuffing */

for(i = 0; i - stuffing; i++) putc(OxFF, out};
*tp_bytes -= stuffing;

stream->PES bytes_left -= stuffing;

L= Ytp bytes;

stream->PES bytes lett -= 1;

if(stream—>»id = 0xBE) /* padding stream */
for{; i; i=-=-) putc(OxPE,out);

lse

— D

stream-roffaet -= i;

/% Fills simulated decoder buffer */
bytes tream-rau bytes left;
bytes -= i;

while{bytes = 0)
{

buffer(stream, stream-rau_hytes left);

if(fread(&{stream~>au), sizeof{struct access_unit), 1, stream-rinfo_file) != 1)

{
if({strean-roffset == 0) stream—-au.length = 1; /* - 0 */
else
{
/* PES packet is adjusted to £it stream length */
Warn ({"Error: EOF in access units info ™)
exit(1l);

)

stream~>au.PT5 += ream->PMT-rstartup_delay;
st ream->au. DTS += stream--PMT->startup_delay;

stream-=»au_bytes_left - atream--au. length;
hytes = stteam—»auﬁbytes_léﬁt + bytes;:

}

if{lhytes == stream--au. length) stream--au_start = YES;
else

{

stream-rau_start = NC;

puffer (stream, stream--au_bytes_left - bytes):;
stream-rau_bytes_left = bytes

}

/% Elementary Stream */

for{; i; 1i--) putc(getc(stueam—>file), out}:
}
*tp_bytes = 0

1

void

TP NULL (FILE *out)

/*—;**w-k e e o ke R e ok e ke ok ke ke ke ke ke o de e ke ke ok ke o e ok ok ok e e ke ok

Null packet.
aync_byte = 0x47 (1 byte}.

transport_error indicator = 1 bit \
payload_unit_stﬂrt_indic s o= 0 (1 bit) \

transport priority = 1 bit

PID = Ox1FFF {13 bits) » 3 lytes.
transport_scrambling“conrrol =0 (2 bits) /
adaptation_field“aontrnl = 1 (2 bilts) /
continuity_ counter = 4 bits /
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data_hytes = 184 bytes.

struct header bits
( _
#ifdef DOS

/*Bits are ordered in DOS (lsbf, msbl) differently from UNIX {(mabf, lskl).
One could access bits directly with masks and shifts but code would e

harder to vead.*/

unsigned PID 12 8 ¥
unsigned transport_priority F
unsigned payluad_unitmﬁtartAindicator : 1
unsigned transport _error indicator HE
unsigned PID 7 0 H -
unsigned continuity counter 4;
unsigned adaptation fileld _control 2;
unsigned transport scrambling control 23
felse
unsigned transport error _indicator 1
unsigned payload unit_start_indicator : 1;
unsigned transport priority L
unsigned PID 12 8 5
unsigned PID 7 0 t B;

unsigned transport_scramblinq_control 23

unsigned adaptation_field_control 2y
unsigned continuity_counter ¥
fendif
Vi
union
{

struct header bits bits;
char bytel3];
} header;

register int 1i;
int tp_hytes = 188; /* Transport_packet hyte

/% Write sync_byte */
putc (0x47, out);
tp_bytes--;

/* Header */

/% transport error_indicator */

header.bits.transport_error_indicator = 0;
/* payload_unit»start_indicator */ A
header.bits.payload_unit_startﬁ;ndicator = 03

/% transport_priority */
header.bits.transportwpriority = 0;

/% Packet Identifier >/
header.bits,PID_12 8 = 0xlF;
header.bits.PID_7_0 = OxFF;

/* transport cambling econtrol */
header.bits.tLanspoLtwacnamhlingwmontnol = 0;

/% adaptation_fleld control »/
headen.bifs.ﬂdaptationmfield_confrol = 1;/*payload only*/

/* continuity counter */ '
header.bits.continuity_countex = 0);

counter*/
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/¥ Write 3 bytes header */
for{i = 0; i -~ 3; i++) putcliheader.byte[i], out);
tp_bytes -= 3;

/* payload */
for(: tp bytes; tp byres—-) puta (0, out);

}

void

buffer (PMT_stream ptr stream, long size)
/"A--i’-k*l"l'-A'-(v-kA--("A"A--l'-i‘-‘-'\“{'-k-A"t"Av-A"A"A"A‘-)"k*'l‘i-'i“i"k‘k*'k'k*

Fills simulated decoder buffer w/access unit data.

{

buffeyr ptr ptr;

wtr = gtream-rsbulfer;
if{ptr == NULL)
{
if((stream--buffer = (buffe[“ptr)malloc(sizeof(struct buffer gueue})) == NULL)

{ Warn{("buffer(): malloc error"); exitil): |

stream--buffer--number = stream—>au.number;
stream—~buffer-rsize = gize;
stream=-rhuffer--au_length = stream—rau.length;
stream—.-buffer->DTS = stream—-rau.DT3;
stream-rbuffer-rnext = NULL;

)

else

{

while(ptr->next |= NULL) ptr = ptr--rnext;

if{stream-rau.number == ptr--number)
{
ptr-»size += size;
t
2lse
{
Pif{{ptr-snext = (buffer_ptr)malloc(sizeof(struct buffer queue))}) == NULL}

{ Warn("buffer(): malloc error™); exit(l); }

ptr-rnext-"nunber = gt redmn-rau,number;

pt ‘next-raize 4=3
ptr ’next—>au_1enqth = ream-»au.length;
ptr--next->0T3 = stream-rau.DTS;
ptr-rnext--next = NULL;
}
!
if(stream--buffer_space - size)
{
Warn("buffer(): overflow");
exit{l);
}
stream—rbuffer space -= aize;
}
void
clean buffers (double current PCR)
/*-k-k*:-k~A'-A--A--k-k»A‘-k-A--l-*-l«-k**ir-k-ki“kw')r\k-k-k~A--l--k<l~A-~k‘k-k

in the simulated decoder buffers, w/the current

Compares DTS of access units,
Checks for underflow.

PCR. Discards units that have already been decoded.
*w****ww**www**w**w*w*+*w**w*www+**w**/

{ /* boolean buffer status; GLOBAL VAR. */
buffer ptr ptr;
char str[80]:
double PCR_base;
register int i;

PCR basgse = floor {current PCR / 300);
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£ ; T P
|8 - H
: ' - R TRobhase)
- = - e v Deoe

[ - i y T
i LTELD e RN, stueam ddo= o 0x%02K: AU %ld is late {buffer
e v
P e lepeentary PID, ER{L]- Sd, ptr--cnumber);
':4‘( .
St e oetowe MULLY wrreo= HULLG

Goreor coeempiers AU not last in buffer queue M)

vipdud
buffer tullness

/'l‘vl-ar'li¢|bs4~~AhaL»Al‘rb;nvkbA‘ulf.-bt’th-l'}k

(EMT srream ety sty eam)

By

e fulloess (3,

PO I U U L S S 4

Simulatrecd deecoedoer bl
O R o I T B I
{

1(”\(; Yy b

chapr st r{gi)

PE (st ream= bhuffen = HULL)
{

ream-rhuffer apace;

Ffer slze;

£ o= strean- onl fep site
o= {f Y o) /o ostres

f o= 0;
po= 0
|

i

[PID 0x304X%, stream_id 0x%02%]: $ld bytes\t{%2ld$%)",
stream—--id, £, p);

PAIN

sprint f{str, "BUFFER FULLNESS
stream- -2lementary PLD,

Warn{str);
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6. CONSIDERAGOES FINAIS

Em jeito de sintese final, pode-se dizer que foram estudados os aspectos de sistema MPEG
e obtidos conhecimentos gerais ao nivel de compresséo, através da aplicagao pratica do
contetdo da norma.

Foi desenvolvido um instrumento que permite efectuar a validagéo de fluxos MPEG-1 e
MPEG-2 na descodificacdo e de fluxos de transporte MPEG-2 na codificagdo. Dada a
flexibilidade da norma, esta validacao é, & partida, parcial.

O codificador n&o foi testado completamente, ficando em aberto questdes relacionadas com

a estratégia éptima de multiplexagem.

Seria, no entanto, agora possivel recolher diversas estatisticas, tais como, o overhead
exacto do fluxo de sistema, o nivel médio dos buffers (entre outras), bem como projectar um
conjunto de experiéncias simples. Ou seja: estaria aberto o caminho para futuros

desenvolvimentos.

Poder-se-ia planear, por exemplo, o estudo do impacto da insercéo de tabelas de
informac#o PSI, isto é, verificar, de acordo com a estratégia de multiplexagem, a insergéo

de tabelas iguais com periodicidades diferentes, ou vice-versa.

Possibilita-se também a realizagdo de experiéncias sobre a robustez de esquemas de
multiplexagem perante ruido na transmisséo, ou a sua adaptabilidade a diferentes modos de
transporte (e.g. Modo Assincrono de Transferéncia - ATM).

Isto tudo para concluir que o soffware - base deste projecto - deveria agora ser submetido a
muitiplos testes, no sentido de uma aproximagéo maior das exigéncias de aplicagéo

concreta.

Muito trabalho ha ainda para ser realizado.
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