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MEASUREMENT METHODS –  
H IGH  DYNAMIC RANGE VIDEO 

 
FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  Nati onal  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  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 ternati onal  S tandards,  Techn ica l  Speci fi cati ons ,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen tal  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t possi b l e  i n  thei r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any a ttestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  con form i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod ies.  

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

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i n cl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn ical  commi 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 n d 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 cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  pub l i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect of 
paten t ri gh ts .  I EC  shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  report when  i t  has  col lected  
data  of a  d i fferen t kind  from  that wh ich  i s  normal l y publ i shed  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 62935,  wh ich  i s  a  techn ical  report,  has  been  prepared  by I EC  techn ical  commi ttee  1 00:  
Aud io,  vi deo and  mu l timed ia  systems  and  equ ipment.  

The  text of th is  techn ical  report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 00/2642/DTR 1 00/2703/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  report can  be  found  i n  the  
report on  voting  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  
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The  commi ttee  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  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at  a  l ater date.  
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I NTRODUCTION  

The  market for the  production  and  del i very of moving  images  has  transi tioned  from  fi lm  
through  analogue  standard-defin i tion  video  through  d ig i ta l  HD  video  and  now to  4K U l tra  HD  
video.  As  the  i ncrease  in  resolu tion  con tinues  to  8K,  the  opportun i ty exists  to  i ncrease  the  
dynamic range  of the  video,  i nclud ing  brigh ter peak l um inance  l evels.  Th is,  i n  con junction  wi th  
wide  colour gamut,  i ncreases  the  volume of possib le  l evels  and  colours,  resu l ting  i n  more  
real istic  and  hyper-real isti c  presentations.  

I EC  TC 1 00  AGS  SS9  (HDR)  has  i den ti fi ed  a  standard ization  opportun i ty related  to  
measurement methods  and  test s ignals  for HDR video.  Th is  Techn ical  Report sets  the  
g roundwork for such  an  activi ty.  
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MEASUREMENT METHODS –  
H IGH  DYNAMIC RANGE VIDEO 

 
 
 

1  Scope 

Th is  document i n troduces  the  concept of H igh  Dynamic Range  (HDR)  video,  l i sts  some  of the  
related  standards  and  activi ti es,  provides  i n formation  abou t HDR in  the  marketplace,  and  
proposes  areas  of HDR measurement that cou ld  be  standard ized .  

2  Normative references  

The  fol lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some  or a l l  of thei r 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly the  ed i tion  
ci ted  appl ies.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( includ ing  
any amendments)  appl ies.  

There  are  no  normative  references  in  th is  document.  

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  

I SO  and  I EC  main tain  terminolog ical  databases  for use  i n  standard ization  at the  fol lowing  
addresses:  

•  I EC  Electroped ia:  avai lable  at h ttp: //www.electroped ia.org / 

•  I SO  On l ine  browsing  platform:  avai lable  at h ttp: //www. iso.org/obp  

3.1   
h igh  dynamic range 
HDR 
span  of image  l uminances  that i s  l arger than  normal ly possible  for standard ,  h igh  defin i tion ,  
and  u l tra  HD  video  

3.2   
standard  dynamic range 
SDR 
span  of image  l uminances  that i s  normal ly possib le  for standard  and  h igh  defin i tion  video  

Note  1  to  en try:  S tandard  defi n i ti on ,  h i gh  defi n i ti on ,  and  u l tra  HD  vi deo  systems  are  normal l y capabl e  of 
produci ng  l um inances  of 1 0  times  that  of an  average  m i d -tone  a t  the  top  (wh i te)  end  of the  range,  and  of 0 , 01  times  
that  of an  average  m i d -tone  at  the  bottom  (b l ack)  end  of the  range.  

3.3   
wide colour gamut 
WCG 
range  of colours  i n  a  colour space  that covers  a  l arge  percentage  of vis ib le  colours  

EXAMPLE  I TU -R BT. 2020  [2 ] 1  i s  consi dered  to  provide  WCG  wh i l e  BT. 709  [3 ]  d oes  not.  

___________ 

1  Numbers  i n  square  brackets  refer to  the  B i b l i og raphy.  
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4 Overview 

4.1  H istorical  background  

Sti l l  and  moving  p ictures  were  i n i ti a l l y captured  and  d isplayed  wi th  chemical  processes,  
typical l y on  fi lm .  The  dynamic range  varied  by process  and  was  l im i ted  by the  maximum  
densi ty ach ievable  on  the  reproduction  med ium  for representation  of dark areas  and  by the  
m in imum  densi ty ach ievable  on  the  reproduction  med ium  i n  representation  of brigh t areas.  
Though  there  are  hard  l im i ts  wi th  th is  technology,  the  processes  involved  resu l ted  i n  the  l im i ts  
being  approached  gradual l y,  wi th  dynamic range  expansion  i n  the  m id -tones,  and  dynamic 
range  compression  at the  extremes.  

E lectron ic images  were  i n i tia l l y captured  and  d isplayed  using  analogue  means.  E lectron ic 
noise  l im i ts  the  representation  of dark areas  and  defined  l im i ts  can  cl i p  the  brigh t areas.  
Though  a  wi re  can  carry much  more  than  a  1  V s ignal  (wh ich  represents  1 00  %  wh i te  i n  some 
systems),  various  equ ipment i n  the  processing  chain  m ight apply a  hard  cl ip .  There  i s  no  
natural  compression  as  the  si gnal  approaches  the  wh i te  l im i t.  Dynamic range  compression  i s  
general l y performed  i n  the  camera  or i n  post-production  wi th  special i zed  equ ipment.  

Today,  most image  capture,  storage,  and  processing  i s  based  on  d ig i ta l  technology.  Dark 
detai l s  are  l im i ted  by the  noise  and  quan tization  error.  Wh i te  l evels  have  a  hard  l im i t  at  the  
defined  maximum  wh i te  code  value.  S im i lar to  analogue  e lectron ic techn iques,  dynamic range  
expansion  in  the  m id -tones  and  compression  at  the  extremes  i s  performed  by in -camera  
processing  or i n  post-production .  

Picture  l evels  were  standard ized  du ring  the  analogue  time  frame.  Peak wh i te  for d isplays  was  
defined  as  48  cd /m2  for the  cinema and  1 00  cd /m2  for video  presentation  i n  mastering  su i tes  
under con trol l ed ,  l ow-level  l i gh ti ng  cond i tions.  These  standard ized  l evels  were  retained  during  
and  after the  transi tion  from  analogue  to  d ig i ta l  equ ipment and  techn iques.  

NOTE  Consumer te l evi s i ons  have  h i gher peak l um inance,  typ i ca l l y around  350  cd /m 2 ,  i n  order to  a l l ow for bri gh t  
vi ewing  cond i ti ons .  

I n  order to  optim ize  the  use  of s ignal  l evels,  a  gamma curve  i s  appl ied  between  s ignal  and  
d isplay.  Th is  was  done  natural l y by cathode  ray tube  d isplays  and  i s  done  e lectron ical l y i n  
typical  fl at  panel  d i splays.  The  gamma equation  i s  as  fo l lows:  

γ
inout AVV =  

I TU -R Recommendation  BT. 1 886  [1 ] 2defines  gamma (γ)  as  2 . 4  and  screen  l um inance  for 
wh i te  as  1 00  cd /m2  for standard  dynamic range  h igh  defin i tion  vi deo.  

4.2  Scene  versus  d isplay ranges  

Images  are  captured  in  a  variety of cond i tions  – from  the  dark reaches  of Plu to  to  the  i n tense  
l i gh t l evels  of the  sun .  The  captured  ranges  of these  images  are  normal ized  by con trol l ing  
exposure  l evels.  The  h igh  dynamic range  system  covered  by th is  document i s  not i n tended  to  
capture  Plu to  and  the  Sun  at a  s ing le  exposure  image;  however,  an  HDR system  al lows  the  
captured  range  of those  two  separate  images  to  i nclude  deeper b lack l evels  above  the  noise  
l evel  and  brigh ter wh i te  l evels  wi thout cl ipping .  An  HDR system  preserves  those  l arger ranges  
through  d isplay to  the  viewer.  Th is  requ i res  h igher b i t-depths,  d i splays  capable  of h igher 
l uminance  peaks,  and  carefu l l y designed  transfer functions  to  optim ize  the  relationsh ip  
between  s ignal  and  presentation .  

___________ 

2  Numbers  i n  square  brackets  refer to  the  B i b l i og raphy.  
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I n  essence,  HDR relates  to  a  system  and  s ignal  defin i ti on  that can  represent an  i ncreased  
dark to  brigh t range  of a  h igh  dynamic range  d i splay,  rather than  trying  to  capture  the  fu l l -
range  of extreme luminance  d i fferences  found  i n  nature.  

A d isplay wi th  an  i ncreased  dynamic range  enables  a  fu l l er representation  of the  scene.  
Today,  h igh ly con trol led  scene  l i gh ti ng  i s  general l y used  to  keep  faces  brigh t,  l im i t overly 
brigh t areas  that wou ld  otherwise  be  “blown  ou t” ,  and  to  l i gh t dark areas  such  that textures  
remain  vis ible.  I n  add i tion ,  e lectron ic dynamic range  compression  i s  used  to  ensure  that the  
i n formation  i s  wel l -represented  by the  s ignal .  I n  natural l y l i t  scenes,  such  as  i n  sports,  news,  
and  documentaries,  heavy dynamic range  compression  i s  often  used  and /or the  s ignal  i s  
cl ipped ,  g i ven  that the  l i gh ting  i s  general l y not under the  con trol  of the  con tent creator.  For 
today’s  SDR video  systems,  the  conten t creator shal l  ba lance  cl ipping  at the  extremes  wi th  
making  images  du l l  th rough  strong  l i gh ting  or e lectron ic compression .  

For h igh-value  con tent,  ad justment of the  dynamic range  and  colours  can  be  con trol led  
separately i n  various  spatia l  reg ions  of each  frame  by using  dynamic masks.  Image grad ing  
wi th  dynamic masks  can  be  complex and  time  consuming  and  i s  not practical  i n  some 
s i tuations,  l i ke  l i ve  sports  broadcasts  and  e lectron ic news  gathering .  

On  the  other hand ,  wi th  an  HDR system,  the  con ten t creator can  preserve  brigh t,  specu lar 
h igh l igh ts,  source  l i gh ti ng ,  and  sun l i t  areas  wi th  m in imal  cl i pping  wh i le  a l so  presenting  wel l -
d isplayed  faces  and  deeply dark textures.  The  resu l t  can  be  a  more  compel l i ng  visual  
experience  than  offered  by SDR systems.  The  resu l t  can  a lso  be  more  representative  of 
real i ty and  can  reduce  the  need  for time-consuming ,  manual  ad justments.  

4.3  HDR ranges  

There  are  practical  l im i ts  on  peak wh i te  l evels,  re lated  to  viewers  and  to  d isplays.  Excessively 
h igh  peak l uminance  l evels  cou ld  be  uncomfortable  for the  viewer and  implementation  of such  
a  d isplay m igh t be  impractical .  For these  reasons,  there  i s  no  need  for an  HDR system  to  be  
able  to  represent near- in fi n i te  brigh tness.  

Some  HDR s ignal  range  approaches,  such  as  SMPTE  ST 2084  [2 ] ,  can  represent up  to  
1 0  000  cd /m2  for peak wh i te  on  mastering  su i te  d i splays.  Other proposals,  i nclud ing  one  from  
BBC [1 0] ,  extend  the  cu rren t dynamic range  by a  smal ler amount.  HDR mastering  d isplays  
cu rren tl y exist that provide  up  to  4  000  cd /m2 ,  wh i le  others  have  peaks  of l ess  than  
1  000  cd /m2 .  The  consumer HDR market i s  j ust emerg ing .  Con tent producers  are  debating  
targets  for peak levels.  Various  groups  have  debated  m in imum  peak l evels  to  be  considered  
HDR.  There  i s  no  consensus  threshold  for HDR m in imum  peak l um inance  or for b lack or dark 
detai l  l evels.  

HDR i s  a lso  a  d istingu ish ing  characteristic for con ten t.  HDR i s  not s imply SDR con ten t 
presented  on  a  d isplay wi th  a  brigh ter wh i te  (or darker b lack).  HDR con tent i s  created  
assuming  i t  wi l l  be  presented  on  a  d isplay wh ich  can  support a  h i gher peak wh i te  to  m id -tone  
ratio,  and  possib ly a  h igher m id -tone  to  maximum  black ratio.  Current HDR con tent creation  
tends  to  main tain  trad i tional  average  m id-tone  levels  around  1 0  cd /m2 ,  resu l ting  i n  peak wh i te  
to  m id -tone  ratios  typical ly i n  excess  of 50.  

However,  th is  document does  not seek to  define  a  th reshold  for the  min imum  peak l um inance  
of HDR systems  and  d isplays,  other than  to  say that HDR supports  a  s ign i fican tl y l arger range  
of l evels  than  provided  by the  curren t SDR system.  
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5 HDR standards  and  related  activi ties  

5.1  SMPTE 

5. 1 .1  1 0E  study group on  HDR ecosystem  

Th is  study group  i s  developing  a  report on  HDR that focuses  on  professional  appl ications  and  
excludes  d ig i ta l  ci nema.  The  g roup  i s  considering  defin i tions,  gaps  in  the  ecosystem,  affected  
standards,  and  areas  for fu ture  investigation .  

5.1 .2  ST 2084: 201 4 

SMPTE ST 2084:201 4  (H igh  Dynamic Range  E lectro-Optical  Transfer Function  of Mastering  
Reference  D isplays)  [4]  speci fies  an  EOTF characterizing  h igh -dynamic-range  reference  
d isplays  used  primari l y for mastering  non-broadcast con ten t.  Th is  standard  a lso  speci fies  an  
I nverse-EOTF  derived  from  the  EOTF.  A peak reference  d isplay l um inance  l evel  of up  to  
1 0  000  cd /m2  i s  supported .  

5.1 .3  ST 2086: 201 4 

SMPTE ST 2086: 201 4  (Mastering  D isplay Color Volume  Metadata  Supporting  H igh  
Luminance  and  Wide  Color Gamut Images)  [5]  speci fies  the  metadata  i tems to  speci fy the  
colour volume (the  colour primaries,  wh i te  poin t,  and  l uminance  range)  of the  d isplay that was  
used  in  mastering  video  con ten t.  The  metadata  i s  speci fied  as  a  set of values  i ndependent of 
any speci fic d ig i ta l  representation .  

Th is  document i s  appl icable  to  th ree-colour add i ti ve  d isplay systems,  such  as  RGB  d isplays.  

Th is  document does  not speci fy the  measurement methodolog ies  and  procedures  for 
capturing  the  parameters  of the  metadata  as  wel l  as  any description  of the  mastering  
envi ronment.  Add i tional ly,  th is  document does  not fu l l y speci fy a l l  the  i n formation  that wou ld  
be  necessary to  preserve  the  creative  i n ten t on  d isplays  wi th  colour volumes  d i fferen t from  
the  mastering  d isplay colour volume.  As  a  speci fi c example,  th is  document does  not speci fy 
the  E lectro-Optical  Transfer Function  (EOTF)  of the  mastering  d isplay s ince  i t  does  not affect 
the  colour volume.  

Th is  document on ly defines  the  mastering  d isplay colour volume  metadata  i tems.  System-
speci fic solu tions  for storing ,  packag ing ,  transmission ,  and  end-use  of th is  metadata  are  
a l lowed ,  however,  the  speci fication  of these  solu tions  i s  ou ts ide  the  scope  of th is  document.  

5.1 .4 ST 2036-1  

ST 2036-1 : 201 3  U l tra  H igh  Defin i tion  Televis ion  – Image  Parameter Values  for Program  

Production  defines  a  fami l y of progressive  image  sample  structures  of 3  840  ×  2  1 60  or 

7  680  ×  4  320  wi th  an  aspect ratio  of 1 6  ×  9 ,  cal led  U l tra  H igh  Defin i tion  Television  (UHDTV).  

The  cu rrent version  does  not i nclude  HDR.  

5.2  CEA-861 .3  

CEA-861 .3  (HDR Static Metadata  Extensions)  [7]  extends  CEA-861 -F  (A DTV Profi le  for 
Uncompressed  H igh  Speed  D ig i ta l  I n terfaces)  [8 ]  by speci fying  static H igh  Dynamic Range  
(HDR)  metadata  extensions  using  an  add i tional  I n foFrame  and  EDID  CEA data  b lock.  
Recommendations  regard ing  the  usage  of static HDR metadata  are  a lso  provided .  These  data  
structures  al low s ignal l i ng  of SMPTE ST 2084  HDR EOTF  [4]  and  SMPTE  ST 2086  Mastering  
D isplay Metadata  [5] ,  wh i le  con tain ing  provisions  for fu ture  HDR EOTFs  and  metadata.  I t  i s  
an ticipated  that these  data  structures  wi l l  be  extended  to  i nclude  add i tional  EOTF  and  HDR 
metadata  capabi l i ties  i n  fu ture  versions  of CEA-861 -F.  The  requ i rements  of th is  document are  
i n  add i tion  to  and  complement CEA-861 -F.  Al l  devices  compl ian t to  CEA-861 . 3  a lso  comply 
wi th  CEA-861 -F,  except that th is  document deprecates  and  replaces  Table  5  and  Table  46  of 
CEA-861 -F.  
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I n  add i tion  to  the  mastering  d isplay metadata  of SMPTE  ST 2086,  CEA-861 .3  defines  and  can  
s ignal  MaxCLL (Maximum  Conten t Ligh t Level )  and  MaxFALL (Maximum  Frame-average  Ligh t 
Level )  i n  order to  provide  i n formation  about conten t l um inance  l evels.  

5.3  HDMI  2 .0a  

I n  Apri l  201 5,  the  HDMI  Forum  announced  release  of the  HDMI  2 . 0a  speci fication ,  wh ich  
i ncludes  references  to  CEA-861 .3  [7 ]  and  supports  HDR video.  

5.4 ITU-R 

5.4.1  BT.2020-1  

I TU  Recommendation  BT. 2020  (Parameter values  for u l tra-h igh  defin i ti on  te levis ion  systems  
for production  and  in ternational  programme exchange)  [2 ]  was  released  in  201 2  and  updated  
i n  201 4.  I t  speci fies  a  Wide  Colour Gamut (WCG)  space  that covers  75, 8  %  of the  CIE  1 931  
colour space.  For comparison ,  I TU  Recommendation  BT.709  [3 ] ,  wh ich  i s  used  for HDTV 
production ,  covers  35, 9  %  of the  CIE  1 931  colour space.  

The  BT.2020  colour space  i s  general l y seen  as  a  natural  complement to  HDR video.  BT. 2020  
also  speci fies  4K and  8K U l tra  HD  resolu tions.  

5.4.2  HDR 

I TU -R is  curren tl y developing  a  new recommendation  re lated  to  HDR.  

5.5  ICDM  

The  ICDM  ( I n ternational  Commi ttee  for D isplay Metrology)  has  an  i n ternational  membersh ip  
and  has  meetings  i n  various  coun tries,  bu t i t  i s  not formal ly i n ternational  wi th  participation  by 
member countries  ( l i ke  I EC,  I SO,  or I TU ),  nor i s  i t  formal ly accred i ted  as  an  SDO (Standards  
Developing  Organ ization ).  I t  i s  hosted  by SID  (Society for I n formation  D isplay)  at h ttp: //icdm-
sid .org .  Membersh ip  i s  free  and  there  i s  no  charge  for i ts  standard ,  i . e .  the  IDMS  ( I n formation  
D isplay Measurement Standard . )  [1 1 ]  

Though  the  g roup  i s  not formal ly accred i ted ,  i t  has  been  effective.  The  IDMS i s  wel l -
establ i shed  as  a  reference  for d isplay measurement.  I t  does  not,  however,  speci fical ly cover 
HDR at th is  time.  

6 HDR content 

6.1  General  

There  have  been  HDR announcements  across  a l l  de l i very p latforms,  i nclud ing  cinema,  
packaged  med ia,  on l ine  streaming  services,  broadcast,  and  red istribu tion .  

6.2  C inema 

I n  the  US,  D isney released  “Tomorrowland” and  “Inside Out” i n  HDR in  201 5  to  a  smal l  
number of theatres  that have  implemented  Dolby Cinema.  
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6.3  U l tra  HD  Blu-ray™ 3  

I n  May 201 5,  the  B lu -Ray Disc Association  (BDA)  announced  that the  U l tra  HD  B lu -ray  (4K)  
speci fication  i s  complete  and  has  revealed  the  related  l ogo.  Licensing  began  on  August 24th ,  
201 5.  

The  BDA released  a  techn ical  wh i te  paper [1 2 ]  i n  August,  201 5  that describes  U l tra  HD  Blu -

ray™ .  I t  states  that “The  U l tra  HD  Blu -ray™  can  support video  at 3  840  ×  2  1 60  (4K/UHD)  at 
up  to  60  frames  per second  progressively and  H igh  Dynamic Range  (HDR)  video. ”  The  paper 
does  not ci te  the  speci fic HDR technology used  or the  target peak l uminance  l evels.  

The  release  of med ia  and  p layers  i s  determined  by ind ividual  BDA l i censees.  Mu l tip le  
technology news  compan ies  specu late  product avai labi l i ty before  the  end  of 201 5.  

6.4 Streaming  media  

6.4. 1  Amazon  

Amazon .com  i s  now streaming  HDR con tent,  stati ng ,  “The full season of “Mozart in  the Jungle”  
and  p i lot  episode  of “Red Oaks, ”  both  Amazon  Orig inal  series,  are  now avai lable  i n  HDR and  
many more  series  and  movies  wi l l  be  avai lable  i n  the  near fu ture. ”  

6.4.2  Netfl ix 

Netfl i x has  announced  that i t  wi l l  de l i ver HDR video  i n  201 5.  The  services  orig inal  series,  
“Marco Polo”,  was  produced  for HDR d istribu tion .  

6.4.3  Other 

Mul tiple  add i tional  streaming  services  have  announced  that they currentl y support or p lan  to  
support HDR.  

6.5  Broadcast 

ATSC,  DVB,  and  ARIB  are  a l l  considering  HDR solu tions.  HDR broadcast con ten t cannot be  
del i vered  unti l  HDR broadcast standards  are  completed  and  deployed .  

ARIB  has  standard ized  E IDRTV in  ARIB  STD-B67  [9]  as  a  means  for provid ing  HDR along  
wi th  8K resolu tion .  

L ive  sports,  where  the  conten t producer has  l im i ted  con trol  of l i gh ting ,  i s  l i kely to  be  an  
importan t use  case  for HDR broadcast TV.  

6.6  Redistribution  platforms  

I n  the  US,  there  have  been  HDR announcements  from  major compan ies  i n  the  cable  TV and  
satel l i te  TV sectors.  

These  sectors  are  l i kely to  del i ver HDR movies  and  te levis ion  shows  fi rst and  l i ve  sports  later,  
when  they can  red istribu te  broadcast TV conten t.  

___________ 

3  U l tra  HD  B l u -ray i s  the  trade  name  of a  product  suppl i ed  by the  B l u -ray D i sc Associati on .  

Th i s  i n formati on  i s  g i ven  for the  conven ience  of users  of th i s  documen t and  does  not  consti tu te  an  endorsement by 
I EC  of the  product  named .  Equ iva len t  products  may be  u sed  i f they can  be  shown  to  l ead  to  the  same  resu l ts .  
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7  Measurement of HDR 

7.1  General  

Many s ignal  and  d isplay measurement methods  and  test s i gnals  have  been  developed  and  
standard ized  for standard  dynamic range  video.  I n  some  cases,  these  same  techn iques  can  
be  used  d i rectl y i n  HDR systems.  I n  other cases,  they shal l  be  adapted  to  brigh ter peak levels,  
d i fferen t average  levels,  and  new transfer functions.  G iven  that peak conten t s i gnal  l evels  and  
m in imum  peak l um inance  l evels  of d i splays  are  not establ ished ,  adapting  some of these  test 
methods  cou ld  be  chal leng ing .  

There  are  general l y two  approaches  to  measuring  d isplays.  The  fi rst  re lates  to  testi ng  the  
scien ti fic  l im i ts  of the  d isplay.  Development of such  test methods  m igh t be  more  appropriate  
i n  I EC  TC  1 1 0,  wh ich  covers  d isplays  as  components.  The  second  relates  to  testi ng  the  
d isplay to  ensure  good  human  perception .  Th is  work cou ld  be  done  by I EC  TC 1 00,  wh ich  
covers  d isplays  as  i n tegrated  equ ipment complete  wi th  power suppl ies,  i npu t subsystems,  and  
controls  accessib le  to  the  end  user.  The  product design  eng ineer wants  to  know the  scien ti fic  
characteristics  of the  d isplay component wh i le  the  viewer wants  to  know that the  p icture  wi l l  
“ l ook good”  wi thou t having  to  pay for theoretical  perfection .  

As  an  example,  a  d isplay m igh t have  a  very brigh t peak,  bu t the  peak m igh t not be  atta ined  i f 
the  i n tegrated  power supply i s  i nsu fficien t or i f the  d isplay settings  are  set for l ow levels.  A 
smal l  power supply wi th  h igh  capaci ti ve  storage  m igh t a l low a  temporary brigh t bu rst,  bu t 
m igh t not provide  a  h igh- luminance  resu l t  after stabi l i zation .  

The  fol lowing  set of measurements  i s  an  i n i tia l  set.  Add i tional  measurements  shou ld  be  
considered .  

7.2  Peak white  

An  important measurement for an  HDR d isplay i s  for peak wh i te.  Wel l -known  test s i gnals  for 
th is  test i nclude  fu l l -screen  wh i te  and  cen tre  box wh i te  wi th  various  s ized  wh i te  boxes  over a  
b lack background .  Due  to  power l im i ti ng  i n  consumer TVs,  us ing  a  fu l l -screen  wh i te  test s ignal  
m ight resu l t i n  a  l ower measurement value  than  the  absolu te  peak.  S im i larl y,  a  cen tre  box 
wh i te  test pattern  wi th  a  ti ny area  of wh i te  m igh t resu l t  i n  a  h igher measurement value  that 
wou ld  be  seen  i n  typical  usage.  

S ince  some HDR TVs  using  LCD  panels  are  expected  to  use  a  backl igh t wi th  l ocal  area  
d imming ,  a  range  of s ize  options  for the  wh i te  s ignal  area  might be  advisable  as  a  s ing le  s ize  
might a l i gn  wi th  the  backl i gh t zones  for one  d isplay and  i n tersect them  on  another.  I t  cou ld  be  
al lowable  for the  manufacturer or tester to  determine  the  s ize,  wi th in  speci fied  l im i ts.  

Stabi l i zation  time  shal l  be  considered  for peak wh i te  (as  wel l  as  most other measurements)  to  
ensure  the  del ivery of th is  l evel  over an  extended  time  in terval .  

7.3  Fu l l -screen  black 

Black level  measurements  are  wel l -establ ished .  Though  HDR d isplays  m igh t provide  fi ner 
con trol  of l evels  i n  areas  of l ow l uminance  than  SDR d isplays,  the  measurement methods  are  
not affected .  G iven  that d i splaying  a  b lack screen  i s  general l y a  l ow-power consumption  
cond i tion ,  there  i s  no  concern  abou t the  s ize  of the  b lack area  fi l l i ng  the  screen .  

As  a lways,  for b lack screen  measurements,  a  con trol led  l i gh t envi ronment i s  cri tical l y 
importan t.  A p lenum  migh t be  requ i red  to  sh ield  the  measurement device  from  stray l i gh t.  Also,  
wi th  HDR d isplays,  care  needs  to  be  exercised  i n  choosing  appropriate  measurement 
i nstruments  because  black levels  may be  very low.  
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7.4 Contrast ratio  

Measuring  con trast ratio  i n  a  way that i s  helpfu l  to  the  viewer i s  chal leng ing ,  even  for standard  
dynamic range  d isplays.  Dynamic con trast ratio  measurements  a l low separate  measurement 
of b lack and  wh i te,  wh ich  m igh t not represent the  contrast seen  by the  viewer on  a  s ing le  
screen .  Background  area  d imming  d isplays  can  provide  much  h igher contrast ratios  wi th in  a  
s ing le  screen ,  and  th is  advantage  cou ld  be  captured  wi th  the  measurement.  

7.5 Colour Gamut 

Colour Gamut i s  often  measured  wi th  fu l l  screen  primary colours  of red ,  g reen ,  and  b lue.  For 
an  HDR d isplay,  the  i n tensi ty of these  colours  m igh t be  l im i ted  due  to  power l im i ting ,  though  
th is  m igh t affect the  l um inance  bu t not the  colour poin t of these  measurements.  Some  
d isplays  i nclude  more  than  three  primaries,  so  i t  m igh t be  advisable  to  i nclude  measurement 
of secondary colours,  cyan ,  magenta,  and  yel low.  

7.6  Whi te  point 

Again  the  s ize  of the  wh i te  pattern  cou ld  be  considered  for the  wh i te  poin t measurement,  as  
the  colour poin t m igh t vary wi th  l uminous  i n tensi ty.  

7.7  Other 

Add i tional  tests  to  be  considered  cou ld  i nclude  a  l oad ing  test to  determine  the  wh i te  cl ipping  
poin t,  and  an  accuracy test to  ensure  l i neari ty throughou t the  range.  

I n  add i tion ,  there  cou ld  be  a  need  for new test s i gnals  for use  i n  general  cal ibration .  For 
i nstance,  there  i s  no  curren t colour bars  s ignal  standard ized  for HDR.  

There  are  many other measurements  that are  not d i rectly related  to  HDR,  such  as  viewing  
ang le,  response  time,  l atency,  and  fl i cker.  Though  no  new test methods  are  requ i red ,  existing  
test patterns  m igh t need  to  be  adapted  to  consider HDR cod ing  levels.  
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