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Part 1 :  MXF Operational  Patterns  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees )  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ica l  committee  may propose the  publ ication  of a  Techn ica l  
Speci fication  when  

•  the  requ ired  support cannot be  obta ined  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect i s  sti l l  u nder techn ical  development or where,  for any other reason ,  there  is  the  
fu ture  bu t  no  immed iate  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  Speci fications  are  subject to  review wi th in  three  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC TS  62871 -1 ,  wh ich  i s  a  Techn ica l  Speci fication ,  has  been  prepared  by techn ical  area  6:  
Storage  med ia,  s torage  data  structure,  s torage  systems and  equ ipment,  of I EC techn ical  
comm ittee  1 00:  Aud io,  vi deo  and  mu l timed ia  systems  and  equ ipment.  
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The  text of th is  techn ica l  speci fication  i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 00/2373/DTS  1 00/2446/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  Techn ical  Speci fication  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•  transformed  in to  an  I n ternational  Standard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour printer.  
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INTRODUCTION  

The profess ional  camera  recorder has  evolved  from  a  trad i tional  tape-based  system  i n to  a  
fi l e-based  system ,  taking  advan tage  of recent advances  i n  i n formation  technology.  I nstead  of 
us ing  conventional  magnetic  tape  as  the  record ing  med ium ,  video  and  aud io  streams can  now 
be  stored  as  fi l es  that can  be  read  d i rectl y by a  personal  compu ter (PC).  

Several  fi le  format speci fications  exist,  and  most  broadcasters  are  using  the  Materia l  
eXchange Format (MXF)  wh ich  has  been  standard ized  by the  Society of Motion  Picture  and  
Televis ion  Eng ineers  (SMPTE).  As  reported  i n  I EC  TR 6271 2: 201 1 ,  the  MXF  fi l e  format has  
been  adopted  for various  types  of profess ional  tape-less  camera  recorders.  MXF  is  being  
used  by many broadcast s tations  around  the  world .  S ince  the  MXF  fi l e  format provides  a  
mu l tip l ici ty of functions  and  options  i n  order to  satisfy the  needs  of various  appl ications  i n  a  
range  of s i tuations,  i t  i s  important  to  address  i n teroperabi l i ty i ssues  between  equ ipment.  
Therefore,  i t  i s  essen tial  for in teroperabi l i ty that there  is  an  appropriate  Techn ical  
Speci fication  that speci fi es  gu idel i nes  for MXF  implementations  and  operational  usage.  

The  I EC 62871  series  g i ves  encod ing  gu idel ines  for profess ional  tape- less  camera  recorders  
us ing  the  MXF fi l e  format to  ensure  i n teroperabi l i ty.  

Fu ture  parts  wi l l  be  proposed  to  speci fy implementation  gu ide l i nes  appropriate  for speci fic 
codecs.  
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PROFESSIONAL VIDEO STORAGE PRODUCTS –  
TAPE-LESS CAMERA RECORDER USING MXF FILE  FORMAT –  

ENCODING GUIDELINES –  
 

Part 1 :  MXF Operational  Patterns  
 
 
 

1  Scope 

This  part  of I EC  62871 ,  wh ich  i s  a  Techn ical  Speci fication ,  g i ves  gu idel ines  for MXF  
Operational  Patterns  for profess ional  tape- less  camera  recorders  and  a lso  outl i nes  the  
general  parts  of the  MXF  fi le  format.   

The  gu idel ines  are  appl i cable  to  the  creation  of an  MXF  fi l e  i n  professional  tape- less  camera  
recorders.  They are  a lso  appl icable  for content management software  and  to  equ ipment that  
supports  MXF fi l es  generated  by profess ional  tape-less  camera  recorders.  

2  Normative references  

The fo l l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

SMPTE ST 377-1 : 201 1 ,  Material Exchange Format (MXF)  – File  Format Specification  

SMPTE ST 378:2004,  For Television  – Material Exchange Format (MXF)  – Operational 
Pattern  1a (Single Item,  Single Package)  

SMPTE ST 379-1 : 2009,  Material Exchange Format (MXF)  – MXF Generic Container 

SMPTE ST 379-2 :201 0,  Material Exchange Format (MXF)  – MXF Constrained Generic 
Container 

SMPTE  ST  390: 201 1 ,  Material Exchange Format (MXF)  – Specialized Operational Pattern  
“OP-Atom” (Simplified Representation of a  Single Item)  

3 Terms,  defin i tions,abbreviations  and  conventions  

3. 1  Terms and  defin i tions  

For the  purposes  of th i s  document,  the  terms  and  defin i tions  g i ven  in  SMPTE  ST 377-1 ,  
SMPTE ST 379-1  and  SMPTE ST 379-2  appl y.  

3.2  Abbreviations  

Abbreviation  Defin i ti on  

MP  Materia l  Package  

FP  F i l e  Package  
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OP-1 a  Operational  Pattern  1 a  

OP-1 b  Operational  Pattern  1 b  

OP-1 c Operational  Pattern  1 c  

OP-2a  Operational  Pattern  2a  

OP-2b  Operational  Pattern  2b  

OP-2c Operational  Pattern  2c  

OP-3a  Operational  Pattern  3a  

OP-3b  Operational  Pattern  3b  

OP-3c Operational  Pattern  3c  

OP-Atom  Operational  Pattern  Atom  

CBR Constant Bi t Rate  

VBR Variable  B i t  Rate  

 

3.3  Conventions  

I n  th is  Techn ica l  Speci fication ,  capi ta l  l etters  are  used  for terms  defin ing  the  MXF  fi l e  
standard ized  i n  the  SMPTE publ ications  wh ich  are  ci ted  i n  the  normative  references.  

4 Overview of the MXF fi le  format  

4.1  General  

The MXF fi le  format i s  standard ized  i n  SMPTE,  and  d i fferen t aspects  of the  deta i l ed  
speci fications  are  covered  in  several  standards .  The  general  part i s  speci fi ed  i n  
SMPTE ST 377-1 ,  wh ich  defines  the  data  s tructure  of the  MXF fi l e  for the  i n terchange of 
aud io-visual  materia l ,  a l l  the  components  of the  MXF fi l e  format and  the  requ i rements  to  
enable  these  components  to  be  added  as  a  p lug - i n  to  an  MXF fi l e.  

The  MXF  Generic  Container i s  speci fied  i n  SMPTE  ST 379-1  and  SMPTE  ST 379-2.  The  
Generic Conta iner i s  the  nati ve  Essence Container of the  MXF  fi le  body and  these  s tandards  
are  defined  to  enable  the  i n terchange  of streamable  aud io-visual  materia l .  Appropriate  
essence and  metadata  payloads  that can  be  mapped  in to  the  MXF Generic  Container are  
defined  i n  associated  documents  l i s ted  i n  the  B ibl i ography.  

The  MXF  fi l e  format i ncludes  Operational  Pattern  speci fications  that may define  restrictions  
on  the  way i n  wh ich  th is  Essence Container type  shou ld  be  implemented .  For example,  OP-1 a  
is  speci fied  i n  SMPTE ST 378  and  OP-Atom  is  speci fi ed  i n  SMPTE ST 390.  

Copyright International  Electrotechnical  Commission  



I EC TS  62871 -1 : 201 5  © I EC  201 5  – 9  – 

4.2  Fi le  structure  

4.2. 1  Overview 

An  overview of the  MXF fi l e  s tructure  i s  shown  i n  F igure  1 .  The  general  s tructure  of the  MXF 
fi l e  comprises  three  components:  the  F i l e  Header,  the  F i le  Body and  the  F i l e  Footer.  

 

Figure  1  – Overview of MXF  fi le  structure  

4.2.2  Fi le  Header 

The F i le  Header is  located  at the  start of the  MXF fi le  and  i ncludes  a  Header Parti tion  Pack 
and  a  Header Metadata.  The  fi le  header may i nclude  a  Run-I n  and  an  I ndex Table  as  an  
option .  

4.2.3  Fi l e  Body 

The  Fi l e  Body provides  the  mechan ism  for embedd ing  Essence Data  such  as  aud io,  vi deo  and  
other associated  data  wi th in  the  MXF  fi l es.  The  F i le  Body contains  zero  or more  Essence  
Containers  and ,  i f there  is  more  than  one  Essence Container i n  the  F i le  Body,  the  Essence  
Containers  are  mu l ti plexed  together us ing  Parti tions  (see  4 . 3) .  Furthermore,  the  fi le  body may 
i nclude  an  index table  and  a  repeti tion  of the  Header Metadata  as  an  option .  

4.2.4  Fi le  Footer 

The F i l e  Footer i s  l ocated  at  the  end  of the  fi l e.  As  shown  i n  F igure  1 ,  the  F i l e  Footer i ncludes  
a  Footer Parti ti on  Pack.  I t  may include  a  repeti tion  of the  Header Metadata  and  a  Random  
I ndex Pack.  The  F i le  Footer may a lso  i nclude  optional  I ndex Table  Segments .  

4.3  Parti tions  

4.3. 1  Overview 

Parti tions  l og ica l l y d i vi de  the  MXF  fi l e  to  a l low eas ier pars ing ,  to  he lp  stream ing  and  to  
manage  the  creation  of I ndex Tables.  As  shown  i n  F igure  2 ,  there  are  three  kinds  of Parti ti ons  
i n  the  MXF  fi l e.  The  explanation  of each  Parti tion  is  described  i n  the  fol lowing  sections.  

IEC  

Run  I n  
Header 
Parti ti on  
Pack 

Header 
Metadata  

I ndex 
Table  

Essence  
Container 

Body 
Parti ti on  
Pack 

Essence  
Container 

Footer 
Parti ti on  
Pack 

Header 
Metadata  

Random  
I ndex 
Pack 

(opti onal )  (opti onal )  (opti onal )  (opti onal )  (opti onal )  

F i l e  Header F i l e  Body F i l e  Footer 
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Figure  2  – Requ ired  order of fi le  components  in  each  Parti tion  kind  

4.3.2  Header Parti tion  

The Header Parti tion  is  the  fi rst  Parti ti on  of the  MXF fi l e,  and  i s  l ocated  at  the  start  of the  MXF  
fi l e  fol l owing  the  optional  Run- I n  pack.  The  F i l e  Header of the  MXF  fi l e  a lways  includes  one  
Header Parti ti on .  

4.3.3  Body Parti tion  

The MXF fi l e  has  zero  or more  Body Parti ti ons.  As  shown  i n  F igure  2 ,  the  Body Parti ti on  Pack 
is  l ocated  at  the  start of the  Body Parti ti on .  

4.3.4  Footer Parti tion  

The Footer Parti tion  is  the  l ast  Parti tion  i n  the  MXF fi l e  and  no  Essence Con tainer i s  present 
i n  th is  Parti tion .  

4.3.5  Parti tion  ru les  summary 

4.3.5. 1  Essence Container 

The l og ic  describing  Parti ti ons,  Essence Conta iners  can  be  summarized  as  fol lows.  

– The  F i le  body con ta ins  zero  or more  Essence Containers .  

– The  Essence Container can  be  i denti fied  by a  non-zero  Stream  ID  va lue  ca l led  the  
BodySID.  

– The  Essence  Container can  be  segmented  i n to  one  or more  Parti ti ons.  

– The  Parti ti on  contain ing  data  from  a  particu lar Essence  Container has  the  same value  of 
BodySID.  

– The  order of Essence  Container data  after segmentation  i n to  Parti tions  i s  the  same as  the  
order of the  unsegmented  Essence  Container Data.  

4.3.5.2  Index Table  

The  l og ic  describing  Parti ti ons,  I ndex Table  can  be  summarized  as  fol l ows.  

IEC  

Run  I n  
Header 
Parti ti on  
Pack 

Header 
Metadata  

I ndex 
Table  

Essence  Conta iner 
Next  

Parti ti on  
Pack 

(opti onal )  (opti onal )  (opti onal )  

Header Parti ti on  

Body 
Parti ti on  
Pack 

Header 
Metadata  

I ndex 
Table  

Essence  Conta iner 

Next  
Parti ti on  
Pack 

(opti onal )  (opti onal )  

Body Parti ti on  

(opti onal )  

Body 
Parti ti on  
Pack 

Header 
Metadata  

I ndex 
Table  

Random  
I ndex Pack 

(opti onal )  (opti onal )  

Footer Parti ti on  

(opti onal )  
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– The  data  of each  Essence  Con ta iner can  be  i ndexed  by an  associated  I ndex Table.  

– Each  I ndex Table  can  be  i den ti fi ed  wi th  a  non-zero  Stream  ID  va lue  cal led  I ndexSID.  

– Each  I ndex Table  can  be  segmented  in to  I ndex Table  Segments  wh ich  are  d istribu ted  i n to  
one  or more  Parti tions.  

– Al l  Segments  of a  particu lar I ndex Table  have  the  same value  of I ndexSID.  Each  Parti ti on  
i ncludes  zero  or more  I ndex Table  Segments ,  each  of wh ich  has  the  same va lue  of 
I ndexSID.  

– The  I ndex Table  Segment segmented  i n to  Parti tions  is  l ocated  i n  the  same order as  before  
the  segmentation .  

4.3.6  Parti tion  status  

The status  of a  Parti ti on  i s  class i fied  i n to  Open /Closed  and  Complete/I ncomplete.  

– Open/Closed :  an  Open  Parti ti on  i s  one  in  wh ich  requ ired  Header Metadata  values  have  
not  been  fi nal i zed  ( i . e .  requ i red  values  may be  i ncorrect).  A C losed  Parti ti on  i s  one  that 
has  a  Parti ti on  Pack where  a l l  va lues  have  been  fi nal i zed  and  are  correct and  e i ther 
con tains  no  Header Metadata  or a  Header Metadata  where  a l l  requ ired  va lues  have  been  
fina l i zed .  

– I nomplete/Complete:  an  I ncomplete  Parti tion  i s  one  where  both  Header Metadata  exist  
and  one  or more  Best Effort Metadata  Properties  are  i den ti fi ed  as  unknown  by setting  the ir 
va lues  to  the  defined  D isti ngu ished  Value.  A Complete  Parti ti on  is  one  wi th  e i ther no  
Header Metadata  or where  a  Header Metadata  exists  and  al l  Best Effort  Metadata  
Properties  con tain  their correct  va lue.  

The  Parti ti on  s tatus  may change  depend ing  on  whether the  MXF fi l e  i s  under creation  or 
final i zed .  The  s tatus  of a  final i zed  MXF  fi l e  i s  Closed .  When  decod ing  the  MXF  fi l e ,  MXF  
decoders  need  to  recogn ize  the  status  of each  Parti tion  for correct values  of Header Metadata  
Properties .  

4.4 Key-Length-Value (KLV)  coding  

4.4. 1  KLV encod ing  structure  

Key-Length-Value  (KLV)  cod ing  is  defined  i n  SMPTE  ST 336.  The  MXF  fi le  cons ists  of a  
con tiguous  sequence of KLV coded  data  packets .  Al l  data  wi th in  an  MXF  fi l e  except for the  
optional  Run- I n  are  KLV coded  wi th  no  gaps.  The  KLV encod ing  structure  i s  shown  in  F igure  3 .  
The  protocol  i s  composed  of a  un iversal  l abel  (UL)  i denti fication  key (UL  key),  fo l l owed  by a  
numeric l eng th  (value  l ength),  fo l lowed  by the  data  value.  

 

Figure  3  – Key-length-value  encoding  

4.4.2  KLV F i l l  I tem  

The KLV F i l l  I tem  is  defi ned  as  an  empy metadata  i tem .  Th is  i s  a  KLV coded  i tem  where  the  
value  i s  comprised  of nu l l  or mean ing less  data.  

I n  certain  appl ications,  i t  i s  desi rable  to  a l ign  KLV e lements  to  speci fic  byte  boundaries.  I n  
such  cases ,  th is  can  be  ach ieved  by the  i nsertion  of the  KLV F i l l  I tem  i n to  the  MXF fi l e .  

IEC  

UL Key Length  Value  

Variable  l ength  Actual  data  1 6  byte  
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4.5  Header Metadata  

4.5. 1  Overview 

The Header Metadata  contains  Metadata  Sets  wh ich  define  the  conten ts  of the  fi l e  as  a  whole,  
i ncl ud ing  any Essence Conta iners .  The  Header Metadata  i s  broad l y categorized  in to  two  
kinds:  Structura l  Metadata  and  Descripti ve  Metadata.  

4.5.2  Structural  Metadata  

Structural  Metadata  describes  the  structure  between  each  e lement of the  MXF fi le .  The  MXF  
fi l e  format defines  the  Package and  the  Sets  of Structural  Metadata  as  a  s ing le  extens ib le  
scheme,  and  there  are  no  other Structural  Metadata  schemes  i n  the  MXF fi l e  format.  

The  Structura l  Metadata  occupies  the  fi rst part of the  Header Metadata  and  speci fies  the  
re lationsh ip  on  the  time axis  between  d i fferen t types  of essence and  the  re lationsh ip  on  the  
time  axis  between  each  package  and  Essence  Descriptor such  as  p icture  s i ze,  frame rate,  
aspect ratio,  sampl ing  rate  and  others .  

4.5.3  Descriptive Metadata  

Descripti ve  Metadata  i s  defined  as  optional  ed i torial  metadata  that enhance the  usabi l i ty of 
the  Essence  content  of an  MXF  fi le .  Descripti ve  Metadata  can  import external  metadata  by a  
p lug- i n  mechan ism  wh ich  can  be  implemented  i n to  one  or more  mu l ti p les  i n  the  Header 
Metadata.  The  MXF fi l e  format provides  the  function  that  un iquel y i den ti fies  imported  
Metadata  Schemes  and  i t  i s  possib le  to  decode Descriptive  Metadata  synchron izing  wi th  
aud io  and  vi deo  us ing  th i s  p l ug- i n  mechan ism .  

4.5.4  Structure  of Header Metadata  

An  example  of the  structure  of Header Metadata  i s  shown  in  F igure  4.  Header Metadata  starts  
wi th  the  Primer Pack that  g i ves  a  Local  Tag  for each  UL  Key used  i n  the  Parti ti ons.  Then  i t  i s  
fol l owed  by the  Structural  Metadata  and  the  optional  Descripti ve  Metadata  Sets.  

A F i l l  I tem  can  be  added  as  padd ing  data  i n to  the  l ast  part  of the  Header Metadata  in  order to  
a l i gn  wi th  the  tota l  number of bytes.  

Header Metadata  is  categorized  i n to  two  kinds  of packages:  the  Materia l  Package  and  the  
Source  Package.  They are  l og ica l  groupings  wh ich  cons ist  of mu l ti p le  tracks  and  are  i den ti fied  
by the  Package  U ID  (UM ID)  g iven  i n  each  Package.  

The  Materia l  Package  describes  an  ou tput timel i ne  of the  MXF  fi l e.  The  Source  Package  
describes  l i nk i n formation  to  the  actual  Essence.  

The  Source  Package speci fied  i n  th is  Techn ical  Speci fication  i s  the  F i l e  Package wh ich  i s  
referred  from  the  Material  Package and  describes  the  Essence  existi ng  i n  the  Essence 
Conta iner.  

I n  general ,  the  MXF fi l e  recorded  on  the  professional  tape- less  camera  recorder adopts  vi deo,  
two or four channels  of aud io  and  time code  as  a  Track.  
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Figure 4 – Header Metadata  structure  

4.6  Operational  Pattern  

4.6. 1  Operation  Pattern  ou tl ine  

The MXF fi le  format defines  Operational  Patterns,  as  conformance  poin ts  of MXF  fi l es,  wh ich  
speci fy l evels  of the  MXF  fi l e  complexi ty.  Each  MXF appl ication  can  select an  appropriate  
Operational  Pattern  depend ing  on  the  requ i red  operations.  

F i gu re  5  i l l ustrates  n i ne  l evels  of General i zed  Operational  Patterns,  from  OP-1 a  to  OP-3c,  
us ing  a  matrix  structure.  I n  the  matrix g i ven  i n  F igure  5,  the  horizon ta l  axes  are  the  I tem  
Complexi ty represen ting  the  complexi ty of the  I tem  (cl ip)  referenced  from  the  ou tpu t t imel ine  
and  the  vertical  axes  are  the  Package  Complexi ty represen ting  the  complexi ty of the  Package  
(Essence)  wh ich  are  accessed  s imu l taneousl y.  

File Header  

Header 
Partition Pack  

Header 
Metadata  

Essence 
Container 

Footer 
Partition Pack  

Primer 
Pack  

Preface 
Set  

Header Metadata :  
KLV coded  KLV Fil l  I tem  

File Body  

Material  
Package  

Track  
(Timecode)  

Sequence  
(Timecode)  

Timecode  
Component  

Preface  

Identification  

Content 
Storage  

Essence  
container Data  

File Footer  

SourceClip  
(Sound N)  

Source 
Package  

Track  
(Picture)  

Sequence  
(Picture)  

SourceClip  
(Picture)  

Track  
(Sound 1 )  

Sequence  
(Sound  1 )  

SourceClip  
(Sound  1 )  

Multiple  
Descriptor 

Picture  
Descriptor  
Sound 1  
Descriptor  
Sound N  
Descriptor  

Track  
(Sound  N)  

Sequence  
(Sound N)  

Track  
(Timecode)  

Sequence  
(Timecode)  

Timecode  
Component  

Track  
(Picture)  

Sequence  
(Picture)  

SourceClip  
(Picture)  

Track  
(Sound 1 )  

Sequence  
(Sound  1 )  

SourceClip  
(Sound  1 )  

Track  
(Sound  N)  

Sequence  
(Sound N)  

SourceClip  
(Sound N)  

IEC  

Copyright International  Electrotechnical  Commission  



 – 1 4  – I EC TS  62871 -1 : 201 5  © I EC  201 5  

The  I tem  Complexi ty and  the  Package Complexi ty speci fy three  respective  levels  and  each  
Operational  Pattern  is  defi ned  as  a  combination  of the  levels  as  i l l ustrated  i n  F igure  5.  I n  
F igure  5,  the  Materia l  Package (MP)  is  the  metadata  represen ting  the  synchron ization  and  
p layback order of source  cl ips  on  the  output  timel i ne.  The  F i le  Package (FP)  is  the  metadata  
representing  actual  essences  referenced  from  the  Materia l  Package.  Operational  Patterns  are  
speci fied  by the  structures  of Materia l  Packages  and  F i le  Packages.  

 

Figure 5  – General ized  Operational  Pattern  

4.6.2  General ized  Operational  Pattern  

The  simplest structure  i n  General i zed  Operational  Patterns  is  OP-1 a.  OP-1 a  a l lows  playback 
of a  s i ng le  cl ip  where  the  l eng th  of the  cl ip  and  the  referenced  essence  are  i dentical .  The  
Materia l  Package,  wh ich  represents  cl i ps  on  the  output t imel ine,  can  on l y access  a  s ing le  F i l e  
Package.  I f OP-1 a  appl i cations  access  and  p lay back vi deo and  mu l tip le  channels  of aud io  
s imu l taneousl y,  a l l  vi deo  and  aud io  data  need  to  be  mu l tip lexed  i n  a  s i ng le  essence  as  a  
s ing le  F i l e  Package.  

Other Operational  Patterns  are  used  for operations  that are  more  complex.  

I f appl ications  hand le  vi deo  and  aud io  data  as  separate  essences  and  access  them  
simu l taneousl y,  OP-1 b,  2b  and  3b  need  to  be  used  to  implement mu l tip le  F i le  Packages.  

I f appl ications  play back mu l tip le  cl ips  sequentia l l y based  on  a  p layl i st,  OP-2a,  2b  and  2c  
need  to  be  used  to  speci fy a  p l ayl i st  i n  a  Materia l  Package.  

I f appl ications  speci fy I n -poin t and  Ou t-poin t for cl i ps ,  h igher l evel  Operational  Patterns,  
OP-3a,  3b  and  3c need  to  be  used .  

OP-1 c,  2c and  3c  enable  to  implement two  or more  al ternative  Material  Packages  and  speci fy 
d i fferent kinds  of p layback wi th in  a  s ing le  MXF  fi l e .  
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4.6.3  Special ized  Operational  Pattern  

The MXF  fi l e  format a l l ows  defin ing  Specia l i zed  Operational  Patterns  as  needed  depend ing  
on  appl ications  other than  the  General i zed  Operational  Patterns  described  i n  4 . 6 . 2 .  OP-Atom  
is  defi ned  as  a  Specia l i zed  Operational  Pattern  to  encapsu late  each  materia l  i n  a  separated  
fi l e.  The  structure  where  each  vi deo  and  aud io  cl i p  i s  s tored  i n  a  separated  fi l e  i s  su i table  for 
some appl ications  such  as  ed i ti ng .  

OP-Atom  requ i res  con tain ing  a  s i ng le  essence i n  each  MXF fi l e  and  each  essence i s  speci fi ed  
by a  separated  F i l e  Package.  I f appl ications  hand le  mu l ti ple  essences,  mu l tip le  OP-Atom  fi les ,  
each  of wh ich  contains  a  s ing le  essence,  are  needed .  OP-Atom  enables  a  Materia l  Package 
to  access  mu l ti p le  F i le  Packages  s imu l taneously and  al l  essences  composing  a  cl i p  can  be  
p layed  back synchronousl y.  

Because  of Specia l i zed  Operational  Pattern ,  OP-Atom  is  not  i ncluded  i n  the  matrix  g i ven  in  
F igure  5 .  An  example  of the  structures  of the  Materia l  Package  and  the  F i le  Package  is  
i l l ustrated  in  F igure  6 .  

 

Figure 6  – Basic structure  of Material  Package  and  F i l e  Package  in  OP-Atom  

4.7  Index Table  

The  I ndex Table  i s  a  l ook-up  table  in  order to  convert  t ime  offset on  the  timel ine  of the  MXF  
fi l e  i n to  byte  offset.  The  I ndex Table  g i ves  a  byte  offset va lue  for each  Ed i t Un i t of vi deo and  
aud io  data  from  the  start  of the  Essence  Conta iner i n  the  MXF  fi l e.  The  I ndex Table  enables  
to  speed  up  access  to  a  target Ed i t  Un i t.  

The  I ndex Table  can  be  l ocated  i n  any Parti tions  of the  MXF fi l e .  Each  I ndex Table  can  be  
d i vi ded  in to  one  or more  Parti ti ons.  

5 Encoding  guidel ine for professional  tape-less  camera recorder 

5.1  General  

The ou tl ine  of the  MXF  fi l e  format i s  described  i n  Clause  4.  C lause  5  describes  recommended  
Operational  Patterns  and  restrictions  for each  Operational  Pattern  as  a  gu idel ine  for adopting  
the  MXF  fi l e  format in  the  profess ional  tape- less  camera  recorder.  I n  particu lar,  i n  order to  
operate  wi th  i n formation  technology equ ipment,  C lause  5  i s  in tended  to  main tain  
i n teroperabi l i ty and  conservation  of the  MXF fi l e.  
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5.2  Operational  Pattern  

5.2. 1  General  

As reported  in  I EC  TR 6271 2 : 201 1 ,  two  types  of Operational  Pattern ,  OP-1 a  speci fi ed  i n  
SMPTE ST 378  and  OP-Atom  speci fied  i n  SMPTE ST 390  are  adopted  for the  professional  
tape-less  camera  recorder.  These  two  types  of Operational  Patterns  are  explained  i n  5. 2 . 2  
and  5. 2 . 3.  

5.2.2  Operation  of OP-1 a  

5.2.2 .1  General  constraints  on  OP-1 a  

General  constrain ts  on  OP-1 a  shal l  be  as  speci fied  i n  SMPTE ST 378.  OP-1 a  p lays  back wi th  
a  s ing le  cl ip  and  i t  i s  requ i red  that the  duration  of the  cl ip  and  the  duration  of referred  essence 
are  the  same.  

The  Materia l  Package  can  on l y access  a  s ing le  F i l e  Package.  

OP-1 a  a l l ows  the  use  of mu l tip le  Body Parti ti ons.  

The  implementation  of the  I ndex Table  is  optional .  

5.2.2 .2  Recommended  constraints  

I t  i s  recommended  to  enclose  the  vi deo  and  aud io  essence i n  the  MXF fi l e  and  to  i n terleave  
the  vi deo materia l ,  the  aud io  materia l ,  and  anci l lary data  as  needed  on  a  frame-by-frame 
bas is .  

Al though  an  I ndex Table  is  optional ,  the  I ndex Table  that g i ves  the  byte  offsets  for a l l  frames  
shou ld  be  implemented  i n  order to  enable  random  access.  

Al though  an  I ndex Table  Segment i s  perm i tted  to  extend  the  64  kB  l eng th  l im i tation  as  
described  in  SMPTE ST 377-1 ,  th is  Techn ical  Speci fication  recommends  l im i ting  the  l eng th  to  
64  kB  i n  order to  be  compatib le  wi th  implementations  that conform  to  the  previous  revis ion  of 
SMPTE ST 377-1 .  

5.2.2 .3  Example  of Index Table  placement in  OP-1 a  

Figu re  7  i l l ustrates  an  example  of recommended  structure  of I ndex Table  p lacement.  When  
the  professional  tape- less  camera  recorder i s  creating  an  MXF  fi l e  wh i l st record ing ,  video 
materia l ,  aud io  materia l  and  any metadata  such  as  time code  are  captured  i n to  the  cl i p  i n  real  
time.  I n  order to  create  and  record  the  associated  I ndex Table  Segment,  i t  i s  recommended  
that  the  essence  i s  segmented  in to  a  certa in  i n terval  of the  Parti tion  and  the  associated  I ndex 
Table  Segment(s)  i s  newly created  and  placed  after the  essence  they i ndex when  clos ing  the  
Parti ti on .  The  I ndex Table  Segment i s  p l aced  at the  beg inn ing  of the  next Parti tion  wh ich  i s  
created  by the  next essence.  
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Figure 7  – Typical  example  of Index Table  placement for OP-1 a  

I n  the  example  of I ndex Table  p lacement shown  i n  F igure  7 ,  s ince  each  I ndex Table  Segment 
i s  l ocated  separate l y i n  each  parti tion  and  footer,  a l l  the  I ndex Table  Segments  need  to  be  
read  fi rst i n  order to  p lay back the  MXF  fi le .  However,  the  l arger the  MXF fi l e  s ize,  the  l onger 
the  time taken  to  read  them .  Th is  may cause  a  de lay to  the  s tart of pl ayback of the  MXF  fi l e.  

Therefore,  as  shown  i n  the  examples  of F igure  8  and  F igure  9,  l ocating  the  en ti re  I ndex Table  
Segments  i n  the  Body Parti ti on  or i n  the  Header Parti tion  on  creation  of the  MXF fi l e  i s  
recommended .  To  locate  the  I ndex Table  prior to  the  Essence Con ta iner eases  fi l e  access.  

 

Figure 8  – Example-1  to  locate  the  enti re  Index Table  i n  the  Body Parti tion  

 

Figure 9  – Example-2  to  locate  the  enti re  Index Table  i n  the  Header Parti tion  

5.2.3  Operation  of OP-Atom  

5.2.3. 1  General  Constraints  on  OP-Atom  

General  constra in ts  on  OP-Atom  shal l  be  as  speci fi ed  in  SMPTE  ST 390.  As  described  i n  
4. 6. 3 ,  each  vi deo  and  aud io  essence  is  encapsu lated  i n  a  separate  fi l e  in  OP-Atom.  F igure  1 0  
i l l ustrates  the  bas ic s tructure  of an  OP-Atom  fi le .  
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The  vi deo material  i s  con tained  in  the  video essence fi le  and  each  channel  of the  aud io  
materia l  i s  contained  i n  each  aud io  essence  fi l e.  When  anci l lary data  packets  associated  wi th  
each  vi deo  frame are  added  as  data  essence,  the  anci l l ary data  packets  are  stored  i n  a  
separate  OP-Atom  fi l e  for data  essence.  

Each  F i l e  Package speci fies  a  s ing le  essence i n  OP-Atom  and  i t  i s  therefore  poss ib le  to  
encapsu late  each  essence us ing  a  d i fferen t wrapping  scheme and  to  speci fy a  d i fferent ed i t  
rate  for each  Essence  Track.  

The  Closed  and  Complete  Header Parti ti on  s tatus  i s  requ i red .  

I t  i s  proh ib i ted  to  d i vide  a  Body Parti tion  i n to  mu l tip le  Body Parti ti ons.  I f appl ications  need  to  
d i vi de  the  Body Parti tion ,  OP-1 b  needs  to  be  used .  

A complete  I ndex Table  i s  requ i red  for the  Footer Parti ti on .  

 

Figure  1 0  – Basic  Structure of OP-Atom  

5.2.3.2  Recommended  constraints  

Each  video and  each  channel  of aud io  materia l  i s  encapsu lated  us ing  a  separate  fi l e  i n  
OP-Atom.  When  an  OP-Atom  fi l e  i s  p layed  back,  the  defau l t  behaviou r of the  decoder i s  to  
reproduce  the  i n ternal  essence  based  on  the  F i l e  Package  as  Primary Package.  

Professional  tape- less  camera  recorders  generate  vi deo  and  aud io  material  captured  at  the  
same time  as  a  s ing le  cl i p,  and  mechan isms  associating  these  materia ls  are  thus  requ i red .  I t  
i s  recommended  that the  Materia l  Package  shou ld  i nclude  a l l  Essence  Tracks  for the  cl i p  and  
each  track of the  Materia l  Package  shou ld  reference  the  respective  F i le  Package  for 
synchron ization  of a l l  the  essence.  I n  th is  implementation ,  the  Materia l  Packages  i n  a l l  the  
OP-Atom  fi les  shou ld  speci fy how to  p lay back the  whole  cl ip  and  the  s tructure  of the  Materia l  
Packages  shou ld  be  i den tica l .  

NOTE  Al though  the  associati on  of essence  among  mu l ti p l e  OP-Atom  fi l es  can  be  g i ven  by external  mechan ism  
us ing  a  separate  fi l e  such  as  an  XML  text  fi l e,  such  implementations  are  ou t  of the  scope  of th i s  Techn ical  
Speci fi cation .   

OP-Atom  requ ires  a  C losed  and  Complete  status  for the  Header Parti ti on .  I t  means  al l  
requ i red  and  Best  Efforts  Metadata  i tems  are  set to  the  correct values  and  therefore  
professional  tape- less  camera  recorders  need  to  update  the  values  of i tems  such  as  the  
Duration  to  the  correct  va lue  when  i t  completes  the  record ing .  
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For VBR essence,  the  I ndex Table  that g i ves  byte  offsets  for a l l  Ed i t  Un i ts  shou ld  be  
implemented  i n  the  Footer Parti ti on  to  enable  random  access ing .  

For CBR essence,  byte  offset for each  Ed i t Un i t  i s  not needed  because  the  s ize  of Ed i t  Un i t i s  
constan t throughou t the  fi l e.  The  I ndex Table  i n  the  Footer Parti tion  can  be  copied  to  the  
Header Parti ti on  and  the  address  of each  Ed i t  Un i t  can  be  ca lcu lated  by read ing  the  Header 
Parti ti on .  

As  described  in  5 . 2. 2. 2,  i t  i s  recommended  that the  l eng th  of each  Set i n  an  I ndex Table  
Segment shou ld  be  a lso  l im i ted  to  64  kB  for OP-Atom.  

5.2.3.3  Example  of Index Table  Placement  i n  OP-Atom  

OP-Atom  proh ibi ts  d i vi d ing  a  Body Parti ti on  i n to  mu l tip le  Parti ti ons  and  i t  i s  not  possib le  to  
d i vi de  an  essence and  p lace  each  d i vided  essence i n to  mu l ti p le  Body Parti tions,  a long  wi th  
the  I ndex Table.  

For VBR essence,  an  I ndex Table  for a l l  Ed i t  Un i ts  i s  p laced  in  the  Footer Parti tion  and  
access  to  each  frame is  performed  based  on  the  I ndex Table.  

For CBR essence,  byte  offset for each  Ed i t  Un i t  i s  not requ ired  i n  an  I ndex Table  i n  the  Footer 
Parti tion .  When  I n tra-frame cod ing  wi th  constant b i t  rate  is  used ,  each  access  posi ti on  can  be  
ca lcu lated  us ing  byte  coun t  for each  Ed i t  Un i t  speci fi ed  i n  an  Ed i t  Un i t  Byte  Count i tem  in  the  
I ndex Table.  

For example,  the  access  posi ti on  of each  vi deo  frame can  be  calcu lated  by mu l tip l ying  the  
byte  coun t for each  frame by the  number of preced ing  frames.  For aud io  essence,  i t  i s  a lso  
possib le  to  ca lcu late  the  access  pos i ti on  by mu l tip l ying  the  byte  count  of each  aud io  sample  
by the  number of samples  per frame and  the  number of preced ing  frames.  

An  I ndex Table  can  be  p laced  i n  the  Header Parti ti on  during  the  fi l e  creation  because  the  byte  
coun t per Ed i t  Un i t has  been  predeterm ined .  

Copyright International  Electrotechnical  Commission  



 – 20  – I EC TS  62871 -1 : 201 5  © I EC  201 5  

Bibl iography 

I EC TR 6271 2: 201 1 ,  Professional tape-less camera recorder 

SMPTE ST 336: 2007,  Data Encoding Protocol Using Key-Length-Value  

SMPTE ST 380: 2004,  For Television – Material Exchange Format (MXF)  – Descriptive 
Metadata  Scheme-1  (Standard,  Dynamic)  

SMPTE ST 381 -1 : 2005,  Material Exchange Format (MXF)  – Mapping MPEG Streams into 
the MXF Generic Container 

SMPTE ST 381 -2: 201 1 ,  Material Exchange Format (MXF)  – Mapping MPEG Streams into 
the MXF Constrained Generic Container 

SMPTE ST 381 -3: 201 3,  Material Exchange Format – Mapping AVC Streams into the MXF 
Generic Container 

SMPTE ST 382: 2007,  Material Exchange Format – Mapping AES3 and Broadcast Wave 
Audio into the  MXF Generic Container 

SMPTE ST 383: 2008,  For Television  – Material Exchange Format (MXF)  – Mapping DV-DIF 
Data  to the  MXF Generic Container 

SMPTE ST 385: 201 2,  Material Exchange Format (MXF)  – Mapping SDTI-CP Essence and 
Metadata  into the MXF Generic Container 

 

_____________ 

Copyright International  Electrotechnical  Commission  



Copyright International  Electrotechnical  Commission  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION 

 

3,  rue de Varembé 

PO Box 1 31  

CH-1 21 1  Geneva 20 

Switzerland  

 

Tel:  +  41  22 91 9 02 1 1  

Fax:  +  41  22 91 9 03 00 

info@iec.ch  

www. iec.ch  

Copyright International  Electrotechnical  Commission  


